a9 United States

S 20020018649A

a2 Patent Application Publication (o) Pub. No.: US 2002/0018649 A1l

Hakamata 43) Pub. Date: Feb. 14, 2002
(54) METHOD AND APPARATUS FOR (72 T ST O R 396/17
PHOTOGRAPHING FLUORESCENT AND
REFLECTED-LIGHT IMAGES
. . &) ABSTRACT
(76) TInventor: Kazuo Hakamata, Kaisei-machi (JP)
Correspondence Address: A photographing method and apparatus for photographing a
ggﬁ;ﬂ:’[ﬂ%c MION, ZINN, MACPEAK & fluorescent image, composed of fluorescent light emitted by
) living ti that has been illuminated b timulati
2100 PENNSYLVANIA AVENUE, N1 fight, 5 an image having 4 higher SN rato, Fuorescent
WASHINGTON, DC 20037-3213 (US) eht, as. gc faving a g o T
light emitted by a living tissue that has been illuminated by
(21) Appl. No.: 09/837,764 a stimulating light emitted from a light source and propa-
gated along an endoscope enters an image fiber. The fluo-
(22) Filed: Apr. 19, 2001 rescent light entering the image fiber is propagated along the
. L L. image fiber to the output face of the image fiber and focused
(30) Foreign Application Priority Data on the light-receiving zone of a photographing element,
AP 19,2000 (JP) o 117439/2000 ‘;“tder ph?gogrf‘phlmg fco?dmonst.set h ﬁt‘at tﬁf relation
Jun. 9, 2000 (JP) covvvsenresseveresrenn 174165/2000 chweell The pxels ol alorementioned ouiput 1ace, upon

Publication Classification

which the fluorescent image is formed, to the pixels receiv-
ing the light of the fluorescent image within aforementioned
light-receiving zone satisfies the condition expressed by the

(51) Int. CL7 e GO03B 29/00 formula: Nfx4>Nd.
800
300 400
35 340
p
330/ f
34b
» i
Z % 13 Lw h
H r———J [ le 11 400
210
28 T R202 12
22 7]
a o2t
el
T =~ 200




Patent Application Publication Feb. 14, 2002 Sheet 1 of 35 US 2002/0018649 Al

F I G.1

800

300 400

)

- 3 4

3307‘ —; ‘
- 34b
0 A~
ezb )—f—q (14 13 Lw \
A
ﬁ 210~ %Le MS 100
] ™~
o~ T 202 12
22 —1 | L
/L_L\ e 21 —
‘ wﬁ‘f ¥ 200
24
LT ya 204
- 2,23:5‘,% Dé[\—/ 21
25 |

23
26
7k Le
Zw Lw
4

T TR



Patent Application Publication Feb. 14, 2002 Sheet 2 of 35 US 2002/0018649 Al

F I G.2

33

33a %




Patent Application Publication Feb. 14, 2002 Sheet 3 of 35 US 2002/0018649 Al

F I G.3

330
B
32 -
22b .
- —
22 ///
Y, — _fj —~

33b Eb



Patent Application Publication Feb. 14, 2002 Sheet 4 of 35 US 2002/0018649 Al

F 1 G.4A

22b

22b




US 2002/0018649 A1

Patent Application Publication Feb. 14, 2002 Sheet 5 of 35

G.5A

F

- — —
-— .

T=20°C

G.5B

F

T=20°C

I ittt S S

- - -
- w— o me s -— —~

- - - -

P
- -
- - - .-

- . - - -
-

- . e G Em me e am e e e

N

- em am me mm e m e e o w amw WP




Patent Application Publication Feb. 14, 2002 Sheet 6 of 35 US 2002/0018649 Al

F | G.6A |

T=50°C s ‘ 4

N
~N

' _ DN+RN

F

ANDN'% RN




Patent Application Publication Feb. 14, 2002 Sheet 7 of 35

F

F

F

G.7A

#1

G.7C

H2

US 2002/0018649 A1
330
:ﬁg-—\—v————'
#2———L
] ——
33p
*Es,ZK
/\/330
3
5o ————
33p T Es,Zk
33a
/\/
"#3__\______
‘%2 -—1/———'
33b
Es, Zk
o | PR /_‘/330
{ \
[ k.
/-,
. \.\\/, Ex
i
#3 —
\
— A
f {
33p Es,Zk L4



Patent Application Publication Feb. 14, 2002 Sheet 8 of 35 US 2002/0018649 Al

F I G.8

L\X
g 33

Sa4 Sct

52



Patent Application Publication Feb. 14,2002 Sheet 9 of 35 US 2002/0018649 Al

330




Patent Application Publication Feb. 14,2002 Sheet 10 of 35  US 2002/0018649 Al

F I G.10

E1(AREA P1)

51

Qt
(AREA P1)



Patent Application Publication Feb. 14,2002 Sheet 11 of 35  US 2002/0018649 Al

F I G.11

33

=4y 51




Patent Application Publication Feb. 14,2002 Sheet 12 of 35  US 2002/0018649 Al

F I G.12

33a

N

) _x
J -\f

N

|
Sg2~ 35 340
Sg2 ~ l
| _Sa2 Sc2
Sb2




Patent Application Publication Feb. 14,2002 Sheet 13 of 35  US 2002/0018649 Al

F I G.13

34a



Patent Application Publication Feb. 14,2002 Sheet 14 of 35  US 2002/0018649 Al

F I G.14




Patent Application Publication Feb. 14,2002 Sheet 15 of 35  US 2002/0018649 Al

F 1 G.15

P(0,0) P(0,500)

610
e
P4 P2
| |
| |
IP3 _P4,

\

Ay
P(500/O) . P (500,500)

4



Patent Application Publication Feb. 14,2002 Sheet 16 of 35  US 2002/0018649 Al

F I G.16

~

|~
Sg1

So1 Sq1
/s

~_7

74 c1
2| N
|
P

-
- Ef
{AREA P1)

61

Sg1 34a

—_—

1
+

73

Sb4



Patent Application Publication Feb. 14,2002 Sheet 17 of 35  US 2002/0018649 Al

F I G.17

610 61

‘ s E2
L 7 (AREA P2)

22 -




Patent Application Publication Feb. 14,2002 Sheet 18 of 35  US 2002/0018649 Al

F I G.18

300
S 800
([ 83 ) ¢
82 400
81 34q
| D
80
804
_9 S
35T 34b

W f )

Le 11 100

N
®
A
]
Z
[
N
S
¢
N

T
!

)

2

220\// D'<"{
34 ol —21

25 |

27

Zk Le
Zw Lw



Patent Application Publication Feb. 14,2002 Sheet 19 of 35  US 2002/0018649 Al

F I G.19

- \DVBOG




Patent Application Publication Feb. 14,2002 Sheet 20 of 35  US 2002/0018649 Al

F I G.20

g

80
> 84
l T N T T 1] ]
C 30 L o)

L ] 1 1L J1 3 85a
; ] T 1T L ] 85

L J L 1 11 ] f

Rol-88b

87




Patent Application Publication Feb. 14,2002 Sheet 21 of 35  US 2002/0018649 Al

F I G.21

80 ZK 80y 80a

) A\

l\_/_\

_____ || _80h
Rj o
!
| | 4
| |
| I
| |
R1 | 1
oL Cp Cq Cm
85a
| —
4
86 8§0
_ 85b
-%H— &
|
—————————————— |- 88b
4187




Patent Application Publication Feb. 14,2002 Sheet 22 of 35

F 1 G.22

US 2002/0018649 A1

80
J
4
84
/
A4
W
Rn
1 I =~
‘ \ ) ' 85a
RJ~—~—lI—-~—; ‘, At
Ri ; E
__ 88a C1 Cp Cq cm
(el e .
85b
P
___________ 88b
D N Ve
| 87
é,———f—-




Patent Application Publication Feb. 14,2002 Sheet 23 of 35  US 2002/0018649 Al

F I G.23

80
/84
e
Rn‘“’ﬂ—_—_____ ______ 850
Rj !’_ _], /_//
- O
Ri+1 | |
__ 88a J
S8 Ri 850
. 88b
——————— \ﬂ,-————-—*‘-&/
Ri-1]|C1 ~ Cp ~ Cq ~ Cm//e‘?




Patent Application Publication Feb. 14,2002 Sheet 24 of 35  US 2002/0018649 Al

F 1 G.24

80

/

84
z//
Rnb--—————— = —— —— | _85a
. _ 1
Rip——r——=—"""1
Ri+2 | \_/ |
88a
ag \.&RH‘I \U’ 5b
e ~ (&) ~ &)~ (b
+ + + Nz
PR (C1 e Cp NCq ~\cm
88b
&7

Ri-1{C4 ~ Cp ~ Cq ~ Cm |87




Patent Application Publication Feb. 14,2002 Sheet 25 of 35

Ri+1

US 2002/0018649 A1
F 1 G.25
80
/
84
-

Rpl - - - - - & — 0 = — — — —— 1
Rir— =T =] =
Ri+2 l K../ |

g6 OO0 Rt

C1 ~ Cp ~ Cq~Cm

85a

- 85b

88b

— 87




Patent Application Publication Feb. 14,2002 Sheet 26 of 35  US 2002/0018649 Al

F I G.26

80
(
84
£
/850
A
. 88d
o f ]El I 85b
1 - - —— 41
|
88b
N A —
Ri+4 Cqt1 CEn; 87
Ri (Cq +1)"’(Cm); 4




Patent Application Publication Feb. 14,2002 Sheet 27 of 35  US 2002/0018649 Al
80 G3 Zk 80y (800
7 N /
n
/V/ —J— 80h
N iusz=sz AN
G2 -~ X (\ T
: D el - 84
Ri x\ D I Z/
I
1 | /
I l
|
R1 :
c r Cg  Cm
_ 85a
47
86 8&0
‘%/:; k// 85b
|
—————————————— “&_’/88’3
A-T87




Patent Application Publication Feb. 14,2002 Sheet 28 of 35  US 2002/0018649 Al

F I G.28

84
— — | I
—¢C | —— 1
C n | s | — | — =T
- |
) S — J L 5

f
Ju

-85b




Patent Application Publication Feb. 14,2002 Sheet 29 of 35  US 2002/0018649 Al

F 1 G.29

93

{9
X
)

S0

90y
22
| _90h

-




Patent Application Publication Feb. 14,2002 Sheet 30 of 35  US 2002/0018649 Al

‘93
-]

91 (

90

¥

| /96
n
T
T TOTEFErE s>
_ . ngy
—)
950 95



Patent Application Publication Feb. 14,2002 Sheet 31 of 35  US 2002/0018649 Al

F I G.31

Zk 90a

90y




Patent Application Publication Feb. 14,2002 Sheet 32 of 35  US 2002/0018649 Al

F I G.32

S5a
MSB[x
X 04
X v
X K
X
X
X
X
X
LSB 1
95b

MSB LSB



Patent Application Publication Feb. 14,2002 Sheet 33 of 35  US 2002/0018649 Al

F I G.33

VA" S0a

L~

/

/




Patent Application Publication Feb. 14,2002 Sheet 34 of 35  US 2002/0018649 Al

F 1 G.34

S5a
—
1
1 o4
1
1 ¥
1
1
1
1
L spl]
©5b

MSB LSB



Patent Application Publication Feb. 14,2002 Sheet 35 of 35  US 2002/0018649 A1l

F I G.35




US 2002/0018649 Al

METHOD AND APPARATUS FOR
PHOTOGRAPHING FLUORESCENT AND
REFLECTED-LIGHT IMAGES

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates generally to a photo-
graphing method and apparatus, and more particularly to a
photographing method and apparatus for photographing a
fluorescent image of the fluorescent light emitted by a
subject and a reflected light-image, etc. of a subject illumi-
nated by a faint light.

[0003] 2. Description of the Related Art

[0004] There has been expressed a desire for photograph-
ing a fluorescent image of the fluorescent light emitted by a
subject and a reflected-light image of a subject illuminated
by a faint light as clear images, and much discussion has
ensued in regard to development of a high-sensitivity pho-
tographing system therefor.

[0005] For example, research has been conducted on an
apparatus which, by analyzing fluorescent light-images
obtained by photographing the fluorescent light emitted by
the inherent dye of the structures of a living tissue illumi-
nated by a stimulating light, facilitates the distinguishing of
changes, etc. in the state of each type of disease. In a
fluorescent endoscope, the image of the fluorescent light
emitted by a subject is propagated along an image fiber and
guided to the end thereof. The size of the image guided into
the image fiber is magnified to a larger size than that at
which it entered the image fiber, focused on a photographing
element and photographed.

[0006] The fluorescent light emitted by the structures of a
living tissue is faint, and a high-sensitivity photographing
element is used to detect this light as an image. When the
quantity of light received by the photographing element is
large, the fluorescent image is photographed at the resolution
corresponding to the number of pixels provided on the
photographing element, however, when the quantity of light
received by the photographing element is small, the signal
charge of a plurality of pixels is multiplied, readout, sub-
jected to a pixel binning processing, and the fluorescent
image is photographed. For example, if an image fiber of a
2 mm diameter is constituted of 10,000 strands and the
image formed by fluorescent light at the end of this fiber is
formed of 10,000 pixels, the light-receiving zone of the
photographing element for receiving this image is provided
with 4 times the number of pixels (40,000 pixels or more).
When, for example, the phosphor image received uses
25,000 or 38,000, etc. substantially all of the light-receiving
zone of the photographing element, and when the quantity of
fluorescent light received is small, the number of pixels to be
subjected to pixel binning processing; that is, the number of
pixels corresponding to 1 pixel is multiplied and increased,
the quantity of light received corresponding to one pixel is
increased and the resolution decreased, and conversely,
when the quantity of fluorescent light received is large, the
number of pixels to be subjected to pixel binning processing
is reduced, the resolution increased and the image photo-
graphed.

[0007] More specifically, a desire has been expressed to
obtain an image of a cancerous portion, which is located 50
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mm away from the point on which the stimulated light is
emitted, as an image signal having a S/N ratio of 1 or higher
under standard photographing conditions, in which the
structures of a living tissue are illuminated by a 120° wide,
100 mw stimulating light and exposed for %40 of a second
over the entire light-receiving zone.

[0008] When photographing is performed using a front-
exposure type photographing element under aforementioned
standard photographing conditions, because the normal
charge of the image signal representing the fluorescent
image of aforementioned cancerous portion stored on 1 pixel
of the light-receiving zone is substantially 10 electrons, by
controlling the sum of the number of electrons of the readout
noise of each pixel of the light-receiving zone and the
number of electrons of dark noise to 10 electrons or less, a
S/N ratio of 1 or higher can be obtained for the image signal
representing the fluorescent light-image of the cancerous
portion. In addition, for cases in which a rear-exposure type
photographing element, which has a quantum efficiency
substantially twice that of aforementioned front-exposure
photographing element, is used, because the charge of the
image signal representing the fluorescent image stored on 1
pixel under the settings of aforementioned standard photo-
graphing conditions is substantially 20 electrons, by con-
trolling the sum of the number of electrons of the readout
noise of each pixel of the light-receiving zone and the
number of electrons of dark noise to 20 electrons or less, a
S/N ratio of 1 or higher can be obtained for the image signal
representing the fluorescent light-image of the cancerous
tissue.

[0009] However, even if the above described method of
employing a processing such as pixel binning is used, when
the signal charge that has been stored on a plurality of pixels
receiving the fluorescent light the fluorescent image is
multiplied within the photographing element, because the
signal charge generated due to reception of fluorescent light
is in the end simultaneously multiplied together with the
signal charge stored due to the dark noise, even if the charge
of the image signal stored on a plurality of pixels is grouped
together as a unit by being subjected to pixel binning
processing and are and treated as corresponding to 1 pixel,
the ratio of the dark noise component is not reduced, and an
improvement in the S/N ratio cannot be hoped for. At this
point, a photographing system in which the S/N ratio can be
improved by reducing the dark noise component is desired.

SUMMARY OF THE INVENTION

[0010] The present invention has been developed in con-
sideration of the circumstances described above, and it is a
primary object of the present invention to provide a faint
light photographing method and apparatus in which, by
reducing the dark noise, the light-image of a subject can be
photographed as an image having a high S/N ratio.

[0011] According to the photographing method of the
present invention, in which fluorescent light emitted by a
living-tissue subject illuminated by stimulating light enters
an image fiber and is guided toward the output face of the
image fiber, and the fluorescent image formed at the output
face of the image fiber is focused on the light-receiving zone
of the photographing element and photographed by the
photographing element, the relationship between the number
of pixels Nf forming the fluorescent image on the output face
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of the image fiber and the number of pixels Nd receiving the
light of the fluorescent image assembled within the light-
receiving zone of the photographing element satisfy the
condition expressed by the formula: Nfx4>Nd.

[0012] For cases in which a front-exposure type photo-
graphing element is used, at normal temperature or lower, it
is preferable that the fluorescent image be photographed
under photographing conditions set so that the sum of the
number of electrons of the readout noise produced on each
pixel within the light-receiving zone receiving the light of a
fluorescent image and the number of electrons of dark noise
be 10 or less.

[0013] For cases in which a rear-exposure type photo-
graphing element is used, at normal temperature or lower, it
is preferable that the fluorescent image be photographed
with the photographing conditions set so that the sum of the
number of electrons of the readout noise produced on each
pixel within the light-receiving zone receiving the light of a
fluorescent image and of dark noise be 20 or less.

[0014] 1t is preferable that the fluorescent image be
focused on an imaged focusing means in which the number
of pixels of the light-receiving zone receiving the light of the
fluorescent image is 40,000 or less.

[0015] For cases in which the photographing element is
capable of reading out, in a random manner, the signal
charge stored on each pixel, it is preferable that a readout
zone narrower than the light-receiving zone and which
includes the fluorescent image is set within the light-receiv-
ing zone, and that readout of the readout zone be performed
prior to readout of other zones within the light-receiving
Zone.

[0016] For cases in which the photographing element
reads out the signal charge stored on each pixel sequentially,
it is preferable that the fluorescent image be assembled at the
closest position to the readout port of the photographing
element, within the light-receiving zone.

[0017] A photographing apparatus according to the
present invention comprises an optical system for directing
fluorescent light emitted from a living-tissue subject illumi-
nated by stimulating light into an image fiber and guiding it
to the output face of the image fiber, an image focusing
means for focusing on the light-receiving zone of the
photographing element the fluorescent image formed by the
fluorescent light guided to the output face of the image fiber,
and a photographing means for photographing the fluores-
cent image assembled at the light-receiving zone thereof,
wherein the relationship between the number of pixels Nf
forming the fluorescent image on the output face of the
image fiber and the number of pixels Nd receiving light of
the fluorescent image assembled within the light-receiving
zone of the photographing element satisfy the condition
expressed by the formula: Nfx4>Nd.

[0018] For cases in which the photographing element of
the photographing means is provided as a front-exposure
type photographing element, at normal temperature or
lower, it is preferable that the fluorescent image be photo-
graphed under photographing conditions set so that the sum
of the number of electrons of the readout noise produced on
each pixel within the light-receiving zone receiving the light
of a fluorescent image and the number of electrons of dark
noise be 10 or less.
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[0019] For cases in which the photographing element of
the photographing means is provided as a rear-exposure type
photographing element, at normal temperature or lower, it is
preferable that the fluorescent image be photographed under
photographing conditions set so that the sum of the number
of electrons of the readout noise produced on each pixel
within the light-receiving zone receiving the light of a
fluorescent image and the number of electrons of dark noise
be 20 or less.

[0020] Tt is preferable that the fluorescent image be
focused on an imaged focusing means in which the number
of pixels of the light-receiving zone receiving the light of the
fluorescent image is 40,000 or less.

[0021] The image focusing means can be a means capable
of changing, corresponding to the quantity of fluorescent
light received by the photographing element, the size of the
fluorescent image assembled within the light-receiving zone
thereof.

[0022] The image focusing means is provided with a
zooming optical system, and by use of the zooming optical
system, can be a means capable of changing the size of the
fluorescent image assembled within the light-receiving zone
thereof.

[0023] The photographing apparatus can also be a photo-
graphing element that changes the readout frequency of the
photographing element, corresponding to the zooming rate
of the zooming optical system.

[0024] For cases in which the photographing element is
capable of reading out in a random manner the image signal
charge stored on each pixel, it is preferable that the photo-
graphing means be provided with a readout control means
for setting a readout zone narrower than the light-receiving
zone and which includes the fluorescent image within the
light-receiving zone, and causing readout of the readout
zone to be performed prior to readout of other zones within
the light-receiving zone.

[0025] For cases in which the photographing element is
capable of reading out in a random manner the image signal
charge stored on each pixel, it is preferable that the photo-
graphing means be provided with a readout control means
for setting a readout zone narrower than the light-receiving
zone and which includes the fluorescent image within the
light-receiving zone, which is also capable of changing the
size of the readout zone and causing readout of the readout
zone to be performed before readout of other zones within
the light-receiving zone.

[0026] For cases in which the photographing element is a
photographing element that sequentially reads out the image
signal charge stored on each pixel, it is preferable that the
photographing element is structured so that the fluorescent
image is assembled at the closest position to the readout port
of the photographing element, within the light-receiving
zone.

[0027] For cases in which the photographing element is a
photographing element that sequentially reads out the image
signal charge stored on each pixel, it is preferable that the
photographing element be provided with an focusing-posi-
tion changing means for changing the position at which the
fluorescent image is assembled within the light-receiving
zone.
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[0028] According to a photographing method of the
present invention: a photographing element in which the
charge stored on each pixel is sequentially transferred and
readout is utilized; the light-image of the subject is focused
on the light-receiving zone of the photographing element;
the assembled light-image is photoelectrically converted on
each light-receiving pixel within the light-receiving zone
and stored within each light-receiving pixel as an image
charge; and the signal charge stored within each light-
receiving pixel is converted to an image signal and readout.
In addition, the light-image is focused on the light-receiving
pixels of a readout zone formed from less than the total
number of pixels of the light-receiving zone, and the readout
signal charge transferred to and stored on the light-receiving
pixels contained within the readout zone is readout as
aforementioned image charge and the residual signal charge
transferred to and stored on the light-receiving pixels outside
the readout zone in the non-readout zone is readout as a null
change.

[0029] According to aforementioned photographing
method, the sequentially transferred readout signal charge
can be subjected to binning processing before it is readout.

[0030] According to another photographing method of the
present invention: a photographing element in which the
charge stored on each pixel is sequentially transferred and
readout is utilized; the light-image of the subject is focused
on the light-receiving zone of the photographing element;
the assembled light-image is photoelectrically converted on
each light-receiving pixel within the light-receiving zone
and stored within each light-receiving pixel as an image
charge; and the signal charge stored within each light-
receiving pixel is converted to an image signal and readout.
In addition, the light-image is focused on the light-receiving
pixels of a readout zone formed from less than the total
number of pixels of the light-receiving zone, and the readout
signal charge transferred to and stored on the light-receiving
pixels contained within the readout zone is readout as
aforementioned image charge and the residual signal charge
transferred to and stored on the light-receiving pixels outside
the readout zone in the non-readout zone is discarded
through a clearing drain.

[0031] According to a further photographing method of
the present invention: a photographing element in which the
charge stored on each pixel is sequentially transferred and
readout is utilized; in which the light-image of the subject is
focused on the light-receiving zone of the photographing
element; the assembled light-image is photoelectrically con-
verted on each light-receiving pixel within the light-receiv-
ing zone and stored within each light-receiving pixel as an
image charge; and the signal charge stored within each
light-receiving pixel is converted to an electric image signal
and readout. In addition, the light-image is focused on the
light-receiving pixels of a readout zone formed from less
than the total number of pixels of the light-receiving zone,
and after the readout signal charge transferred to and stored
on the light-receiving pixels contained within the readout
zone is readout as aforementioned image charge, the residual
signal charge transferred to and stored on the light-receiving
pixels outside the readout zone in the non-readout zone, or
aforementioned residual signal charge and the image signal
charge stored on the light-receiving pixels contained within
the light-receiving zone after the readout signal charge has
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been read out are grouped together and read out as null for
each block or one pixel at a time.

[0032] A photographing apparatus according to the
present invention comprises a photographing element and an
image focusing means for focusing the light-image of a
subject in the light-receiving zone of the photographing
element. The photographing element is provided with a
photoelectric converting portion for photoelectrically con-
verting and accumulating as an image signal the received
light on each light-receiving pixel within the light-receiving
zone, a charge transfer portion for sequentially transferring
the image charge stored on each light-receiving pixel, and a
sequential-readout portion for converting the sequentially
transferred image charge to an electric image signal and
reading out said image charge, wherein said image focusing
means focuses the light-image on the light-receiving pixels
of a readout zone formed from less than the total number of
pixels of the light-receiving zone, and a sequential-readout
control means is provided for controlling the readout as an
image signal of the readout charge stored on the light-
receiving pixels of the readout zone by the sequential-
readout portion and the readout as null of the residual signal
charge stored on the light-receiving pixels outside the read-
out zone in the non-readout zone by the sequential-readout
portion.

[0033] Aforementioned photographing apparatus can be
provided with a gate between the charge transfer portion and
the sequential-readout portion for controlling passage of the
signal charge from the charge transfer portion to the sequen-
tial-readout portion, and a gate control means for controlling
aforementioned gate so as 1o facilitate the subjecting of said
readout signal charge to binning processing before the
readout signal charge is transferred by the charge conversion
portion and read out by the sequential-readout portion.

[0034] A further photographing apparatus according to the
present invention comprises a photographing element and an
image focusing means for focusing the light-image of the
subject in the light-receiving zone of the photographing
element, and the photographing element is provided with a
photoelectric converting portion for photoelectrically con-
verting and storing as an image signal the received light on
each light-receiving pixel within the light-receiving zone, a
charge transfer portion for sequentially transferring the
image charge stored on each light-receiving pixel, and a
sequential-readout portion for converting the sequentially
transferred image charge to an electric image signal and
reading out said image charge, wherein said image focusing
means focuses the light-image on the light-receiving pixels
of a readout zone formed from less than the total number of
pixels of the light-receiving zone, and is further provided
with a clearing drain for discarding the signal charge sequen-
tially transferred by the charge transfer portion, and a
sequential-readout control means for controlling readout of
the readout signal charge, which is stored on the light-
receiving pixels of the readout zone, by the sequential
readout means and the discarding of the residual signal
charge, which is stored on the light-receiving pixels outside
the readout zone in the non-readout zone, into the clearing
drain.

[0035] A still further photographing apparatus of the
present invention comprises a first gate provided between
the charge transfer portion and the sequential-readout por-
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tion for controlling passage of the signal charge from the
charge transfer portion to the sequential-readout portion, a
second gate provided between the charge transfer portion
and aforementioned clearing drain for controlling passage of
the signal charge from the charge transfer portion to the
clearing drain, and a gate control means for controlling gate
1 and gate 2 so as to facilitate the subjecting of the readout
signal charge to binning processing before the readout signal
charge is transferred by said charge conversion portion and
read out by the sequential-readout portion.

[0036] Yet another photographing apparatus of the present
invention comprises a photographing element and an image
focusing means for focusing the light-image of the subject in
the light-receiving zone of the photographing element, and
the photographing element is provided with a photoelectric
converting portion for photoelectrically converting and
accumulating as an image signal the light received on each
light-receiving pixel within the light-receiving zone, a pixel
selecting means capable of randomly selecting pixels from
among the light-receiving pixels, and a random readout
portion for photoelectrically converting the signal charge of
the selected light-receiving pixels to an electric image signal
and reading it out, wherein the image focusing means
focuses the light-image on the light-receiving pixels of a
readout zone formed from less than total number of pixels of
the light-receiving zone, and the pixel selecting portion
selects light-receiving pixels of the readout zone, and after
the random readout portion reads out the image charge
stored on the selected light-receiving pixels, the pixel select-
ing means selects light-receiving pixels contained in the
non-readout zone outside the readout zone, or the pixels
contained in the non-readout zone and the readout zone, and
a random readout control means is provided to control the
pixel selecting portion and the random readout portion so as
to facilitate readout as a null change for each block or one
pixel at a time by the random readout means of the residual
signal charge stored on the light-receiving pixels in the
non-readout zone or aforementioned residual signal charge
grouped together with the image signal charge stored on the
light-receiving pixels contained within the light-receiving
701e.

[0037] According to the random readout control means, at
the same time a plurality of light-receiving pixels within the
light-receiving zone are selected by the pixel selecting
means, binning processing can be performed on the readout
signal charge so that the multiplied signal charge of each
readout signal charge stored on the selected light-receiving
pixels can be converted to an electric image signal and
readout.

[0038] According to aforementioned photographing appa-
ratus, the image focusing means is provided with a zooming
optical system, and said zooming optical system can be a
means capable of changing the size of the light image
focused on the light-receiving zone.

[0039] The photographing apparatus can also be a photo-
graphing element that changes the readout frequency of the
photographing element, corresponding to the zooming rate
of the zooming optical system.

[0040] Aforementioned photographing apparatus can be
loaded in a fluorescent endoscope.
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[0041] According to the photographing method and appa-
ratus described above, the photographing element can be a
charge amplification type for amplifying the charge by
impact ionization.

[0042] Note that the “charge-amplification type photo-
graphing element” for amplifying the charge by impact
ionization is a photographing element having a shift-resistor
provided with a charge amplifying function and which is
disposed between the horizontal CCD readout shift-resistor
and the output amplifier. The operating principle by which
the shift-resistor provided with a charge amplifying function
amplifies the charge is the impact ionization phenomenon,
which forms 2-dimensional electrons, occurring when the
signal charge is transferred in deep potential formed at a
sufficient strength(the charge collides with Si, and electron
holes are formed). By transferring the signal charge, which
has been transferred from the horizontal readout shift-
resistor, by the multi-step shift-resistors of the shift-resistor
provided with a charge amplifying function, each having
deep potential, the 2-dimensional electrons are repeatedly
formed, the readout noise level is not substantially increased
and the signal charge is amplified. In relation to this charge-
amplification type photographing element for amplifying a
charge by use of impact ionization, refer to the specification
of US. Pat. No. 5,337,340 (name of invention: Charge
Multiplying Detector <CMD> suitable for small pixel CCD
image sensor).

[0043] According to the photographing method and appa-
ratus of the present invention, in photographing of a fluo-
rescent image focused on the light-receiving zone of the
photographing element, because the fluorescent image is
focused on the light-receiving zone wherein the relationship
of the pixels Nf, which represent the fluorescent image
formed on the output face of the image fiber, to the pixels
Nd, which are the pixels in the light-receiving zone receiv-
ing the light of the fluorescent image assembled therein,
satisfies the condition expressed by the formula: Nfx4>Nd.
That is, because the number of pixels of the light-receiving
zone of the photographing element focusing the fluorescent
image formed at the output face of the image fiber has been
kept not unnecessarily high, the quantity of dark noise
produced per each pixel is not changed and quantity of
fluorescent light received per pixel is increased, and because
the fluorescent image, having a relatively reduced ratio of
dark noise, can be read out from the photographing element,
the fluorescent image can be photographed as an image
having a high S/N ratio.

[0044] Note that for cases in which a front-exposure type
photographing element is used, if the photographing condi-
tions are set so that the sum of the number of noise and dark
noise electrons produced on each pixel in the light-receiving
zone receiving the light of the fluorescent image, at normal
temperature or lower, is 10 or less, in aforementioned
standard photographing state, an image of a cancerous
tissue, for example, can be photographed having an S/N
ratio of 1 or higher.

[0045] 1In addition, for cases in which a rear-exposure type
photographing element is used, if the photographing condi-
tions are set so that the sum of the number of noise and dark
noise electrons produced on each pixel in the light-receiving
zone receiving the light of the fluorescent image at normal
temperature or lower is 20 or less, because the quantum



US 2002/0018649 Al

efficiency of a rear-exposure photographing element
becomes twice that of a front-exposure photographing ele-
ment, in aforementioned standard photographing state, an
image of a cancerous tissue, for example, can be photo-
graphed having an S/N ratio of 1 or higher.

[0046] Further, if the fluorescent image is assembled and
photographed in a light-receiving zone in which and the
number of pixels receiving the light of the fluorescent image
is 40,000 or less, even for cases, for example, in which there
are sufficiently plentiful pixels to represent the image
formed at the output face of the image fiber, there are not an
excess number of unnecessary pixels receiving the light of
the fluorescent image in the light-receiving zone, and by
controlling the number of pixels receiving the light of the
fluorescent image to 40,000 or less, which is a number of
pixels providing for the capability for distinguishing the
change, etc. in the state of diseased tissues of various
diseases by analyzing the photographed fluorescent image, a
fluorescent image in which the quantity of light received per
pixel is further increased can be read out from the photo-
graphing element, and the fluorescent image can be photo-
graphed as an image with a higher S/N ratio.

[0047] Further yet, if the size of the fluorescent image
focused on the photographing element is changed, corre-
sponding to the amount of light received at the photograph-
ing element, by use of a zooming optical means, etc., in a
case, for example, when the quantity of received light of the
fluorescent image is small, the fluorescent image is
assembled small on the photographing element, and by
photographing the fluorescent image by use of few pixels,
the quantity of light received per pixel increases and the
resolution of the image deteriorates, and for cases in which
the quantity of received light of the fluorescent image is
large, the fluorescent image assembled large on the photo-
graphing element, and by photographing the fluorescent
image by use of many pixels, because adjustment can be
made so that the quantity of reccived light is ensured while
increasing the resolution, the fluorescent image can be
photographed as an image having both the appropriate
quantity of received-light and resolution.

[0048] Still further, if the photographing element is pro-
vided so that it is capable of reading out, in a random
manner, the image charge stored on each pixel and with a
readout zone including the fluorescent image and narrower
than the light-receiving zone, if readout of the readout zone
is performed prior to readout of the other zones, the time for
dark noise to accumulate on each pixel of the readout zone,
which are read out before the pixels of the other zones, can
be shortened, and the fluorescent image can be read out as
an image having a high S/N ratio.

[0049] Further still, if the photographing element is pro-
vided so as to sequentially read out the signal charge stored
on each pixel and assemble the fluorescent image at the point
closest to the readout port of the photographing element
within the light-receiving zone thereof, compared to other
cases, because the light of the fluorescent image received at
each pixel is read out faster and the time for dark noise to
accumnulate can be reduced, the fluorescent image can be
photographed as an image having a higher S/N ratio.

[0050] In addition, if the photographing element is pro-
vided so that it is capable of reading out, in a random
manner, the signal charge stored on each pixel, and a readout
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zone, which is read out prior to other zones and whose size
it is possible to change, is set within the light-receiving zone
of the photographing element, in a case, for example, in
which the size of an image to be assembled is changed
corresponding to the quantity of received light, the position
at which the fluorescent image is to be assembled can be set
close to aforementioned readout port corresponding to the
change in size thereof, by which efficient early readout of the
fluorescent image becomes possible, and the fluorescent
image can be photographed as an image having a higher S/N
ratio.

[0051] Further, if the photographic element is provided so
that it sequentially reads out the signal charge stored on each
pixel, and so that it is possible to change the position at
which the fluorescent image is assembled within the light-
receiving zone thereof, in a case, for example, in which the
size of an image to be assembled is changed corresponding
to the quantity of received light, the position at which the
fluorescent image is to be assembled can be set close to
aforementioned readout port corresponding to the change in
size thereof, by which efficient early readout of the fluores-
cent image becomes possible, and the fluorescent image can
be photographed as an image having a higher S/N ratio.

[0052] According to a photographing method and appa-
ratus of the present invention, a photographing element for
sequentially transferring and reading out the signal charge
stored on each pixel is utilized, and in converting the signal
charge stored in each pixel to an electric image signal and
reading out said image signal, the light-image is focused on
the light-receiving pixels of a readout zone formed from less
than the total number of pixels of the light-receiving zone,
and accompanying the conversion and readout of the readout
signal charge, which has been transferred to and stored on
the light-receiving pixels contained within the readout zone,
as an image charge, because the residual signal charge
transferred to and stored on the light-receiving pixels outside
the readout zone in the non-readout zone has been read out
as null, the quantity of dark noise produced per each pixel
is not changed and quantity of fluorescent light received per
pixel can be increased twofold or greater, and because the
ratio of dark noise of the fluorescent image can be relatively
reduced, the fluorescent image can be photographed as an
image having a high S/N ratio.

[0053] Note that upon converting the signal charge stored
on each light receiving pixel image signal charge and
reading out said image signal, the light-image of the subject
is focused in a readout zone formed of a number of light-
receiving pixels equal to less than half of the total number
of light-receiving pixels of the light-receiving zone. Accom-
panying the conversion to an image signal of the readout
signal charge that has been transferred to the readout zone
and readout of said image signal, if the residual signal charge
that has been transferred to and stored on the light-receiving
pixels of the no-readout zone outside of the readout zone is
read out as a null change, because the quantity of dark noise
produced per pixel does not change and the quantity of light
received per pixel can be increased by more than double and
the ratio of dark noise can be relatively reduced, the light-
image can be photographed as an image having a higher S/N
ratio.

[0054] According to another photographing method and
apparatus of the present invention, a photographing element
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for sequentially transferring and reading out the signal
charge stored on each pixel is utilized, and in converting the
signal charge stored in each pixel to an electric image signal
and reading out said image signal, the light-image is focused
on the light-receiving pixels of a readout zone formed from
less than less of the total number of pixels of the light-
receiving zone, and accompanying the conversion of the
readout signal charge transferred to and stored on the
light-receiving pixels contained within the readout zone to
an image signal and readout of said image signal, because
the residual signal charge transferred to and stored on the
light-receiving pixels outside the readout zone in the non-
readout zone has been discarded via a clearing drain, the
quantity of dark noise produced per each pixel is not
changed and quantity of fluorescent light received per pixel
can be increased twofold or greater the quantity of dark
noise produced per each pixel is not changed and quantity of
fluorescent light received per pixel can be increased twofold
or greater, the ratio of dark noise of the fluorescent image
can be relatively reduced, and it is not necessary to convert
the residual signal charge transferred to and stored on the
light-receiving pixels outside the readout zone in the non-
readout zone to an image signal and read out and discard the
thus converted image signal as in the prior art, and because
the residual signal charge transferred to and stored on the
light-receiving pixels outside the readout zone in the non-
readout zone has been discarded at a high speed via the
clearing drain, the processing time for one section of the
display is shortened, and readout of the signal charge stored
in the readout zone can be completed rapidly, the quantity of
dark noise can be further reduced with the passage of time
and the fluorescent image can be photographed as an image
having a high S/N ratio.

[0055] Note that upon converting the signal charge stored
on each light receiving pixel image signal charge and
reading out said image signal, the fluorescent image o the
subject is focused in a readout zone formed of a number of
light-receiving pixels equal to less than half of the total
number of light-receiving pixels of the light-receiving zone.
Accompanying the conversion to an image signal of the
readout signal charge that has been transferred to the readout
zone and readout of said image signal, if the residual signal
charge that has been transferred to and stored on the light-
receiving pixels of the no-readout zone outside of the
readout zone is discarded via a clearing drain, the quantity
of dark noise produced per pixel does not change, and by
increasing the quantity of light received per pixel by more
that double, the ratio of dark noise can be relatively reduced,
and because the residual signal charge stored on the light-
receiving pixels of the non-readout zone outside the readout
zone is not converted to an image signal and readout and
discarded as in conventional processing, but is discarded via
a clearing drain at a high speed, readout of the signal charge
of the readout zone can be completed rapidly, an because the
quantity of dark noise, which accumulates with the passage
of time, can be further reduced, the light image can be
photographed as an image having a higher S/N ratio.

[0056] According to yet another photographing method
and apparatus of the present invention, a photographing
element for sequentially transferring and reading out the
signal charge stored on each pixel is utilized, and in con-
verting the signal charge stored in each pixel to an electric
image signal and reading out said image signal, the light-
image is focused on the light-receiving pixels forming the
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readout zone, which account for % or less of the total
number of pixels of the light-receiving zone, and after
readout of the readout signal charge stored on the light-
receiving pixels contained within the readout zone as an
image signal, because the residual signal charge stored on
the light-receiving pixels contained in the non-readout zone
outside the readout zone, or said residual signal charge
together with the signal charge stored on the light-receiving
pixels contained in said readout zone after readout of the
readout signal charge have been read out from said random
readout portion as null for each block or one pixel at a time,
readout of the signal charge stored on the light-receiving
pixels in the readout zone can be completed more rapidly
and the quantity of dark noise, which accumulates with the
passage of time, can be further reduced. Also, the blooming
that occurs in cases in which the residual signal charge
stored on the light-receiving pixels of the non-readout zone
is not discarded, that is, the phenomenon wherein a signal
charge continues to accumulate on the light-receiving pixels
of the non-readout zone and overflows onto the light-
receiving pixels of the readout zone can be prevented.

[0057] According to a still further readout method and
apparatus of the present invention, employing a photograph-
ing element capable of reading out, in a random manner, the
signal charge stored on each light-receiving pixel, upon
conversion of the signal charge stored on each light-receiv-
ing pixel to an electric image signal and readout of said
image signal, the light-image of the subject is focused in a
readout zone formed of a number of light-receiving pixels
equal to less than half of the total number of light-receiving
pixels of the light-receiving zone, and after readout of the
readout signal charge, as an image signal, stored on each of
the light-receiving pixels of said readout zone, if the residual
signal charge stored on the light-receiving pixels of the
non-readout zone outside the readout zone, or said residual
signal charge grouped together with the signal charge stored
on the readout zone after the readout signal charge has been
readout therefrom is readout as empty for each block or each
pixel, readout of the signal charge stored on the light-
receiving pixels of the readout zone can be completed more
rapidly, and the quantity of dark noise, which accumulates
with the passage of time, can be reduced. Further, the
blooming occurring for cases in which discarding of the
residual signal charge stored on the light-receiving pixels of
the non-readout zone has not been performed, that is, the
phenomenon wherein the signal charge continuing to be
accumulated on the light-receiving pixels of the non-readout
zone overflows onto the light-receiving pixels within the
readout zone, can be prevented.

[0058] Further, if aforementioned readout signal charge is
subjected to binning processing, because the signal charge
stored on a plurality of pixels can be grouped together as a
unit and converted to an image signal, the readout noise
produced when a signal charge is converted to an electric
image signal can be further reduced and image signal
carrying the light-image of a subject can be photographed as
an image having an even higher S/N ratio.

[0059] Still further, if the image focusing means is pro-
vided with a zooming optical means, by use of which it
becomes a means capable of changing the size of the
light-image to be focused on the light-receiving zone, for
cases in which the quantity of light received from the
light-image is insufficient and an image signal having a low
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S/N ratio is read out, by focusing the light image in a small
area within the light-receiving zone, the quantity of light
received per pixel is increased and the light-image can be
read out as an image signal having a high S/N ratio. In
addition, for cases in which the quantity of light received
from the light-image is sufficiently large and an image signal
having a high S/N ratio has been read out, by focusing the
light-image on a larger area of the light-receiving zone, the
number of light-receiving pixels receiving the light of the
light-image is increased, and an image signal carrying a
light-image having a higher resolution can be read out.

[0060] In addition, if the photographing apparatus is a
photographing element that changes the readout frequency,
corresponding to the zooming rate of the zooming optical
system, the level of readout noise mixed in the images to be
readout can be more precisely made to be low. That is to say,
for cases in which a normal photographing element is used,
because the quantity of readout noise produced is propor-
tional to the horizontal base of the readout frequency, if the
readout frequency is lowered, the quantity of readout noise
can be caused to be low. For example, if the zooming rate of
the zooming optical system is set low, and a predetermined
observation zone is focused smaller on the photographing
element and the number of readout pixels reduced, the
readout frequency can be lowered by only the portion of the
number of pixels read out for 1 frame and the quantity of
readout noise produced can be precisely made to be small.

[0061] More specifically, for example, in a case in which
a normal photographing element is employed under a pho-
tographing condition of 30 frames/second, the readout noise
is more controlled than the dark noise, and reducing the
readout noise becomes a means of improving the sensitivity
(improving the S/N ratio). Because the quantity of readout
noise produced is proportional to the horizontal base of the
readout frequency, if the readout frequency is lowered, it is
possible to raise the sensitivity (S/N). Here, if the predeter-
mined observation zone is focused smaller on the photo-
graphing element by the zooming optical means and the
number of pixels read out is reduced, the readout frequency
can be lowered by only the portion of the number of pixels
read out for 1 frame and the quantity of readout noise
produced can be precisely made to be small. If the readout
frequency becomes low, the quantity of readout noise pro-
duced is reduced, and the sensitivity (S/N) can be improved.

[0062] If the photographing apparatus is implemented in
an endoscope apparatus, because the quantity of light
received per pixel is increased and the dark noise can be
reduced, a reflected light-image produced by the light
reflected from inside a living-tissue subject illuminated by
an illuminating light, the fluorescent light image produced
by the fluorescent light emitted by a living-tissue subject
illuminated by a stimulating light, etc. can be observed as a
light-image having a high S/N ratio.

[0063] In addition, if the photographing apparatus is a
charge-amplification type photographing element that
amplifies the charge by impact ionization, the readout noise
is lowered, and the signal charge can be read out as an image
signal having an even higher S/N ratio.

BRIEF DESCRIPTION OF THE DRAWINGS

[0064] FIG. 1 is a schematic drawing of a fluorescent
endoscope according to the first embodiment of the present
invention,
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[0065] FIG. 2 shows a fluorescent image Zk focused on an
area of the light-receiving zone of the photographing ele-
ment smaller than the entire light-receiving zone,

[0066] FIG. 3 shows a fluorescent image Zk focused on an
area covering the entire light-receiving zone of the photo-
graphing clement,

[0067] FIGS. 4A, 4B and 4C show the relationship
between photographing system and the quantity of readout
noise and dark noise produced thereby,

[0068] FIGS. 5A and 5B show the quantity of noise
produced when the temperature is 20° C.,

[0069] FIGS. 6A and 6B show the quantity of noise
produced when the temperature is 50° C.,

[0070] FIGS. 7A, 7B, 7C and 7D show readout of an
image signal from fluorescent image focusing zone Es set on
the photographing element,

[0071] FIG. 8 is a schematic drawing of a fluorescent
endoscope according to the second embodiment of the
present invention,

[0072] FIG. 9 shows a fluorescent image light-receiving
sector set within the light-receiving zone,

[0073] FIG. 10 shows a fluorescent image focusing zone
in which fluorescent image Zk is to be assembled,

[0074] FIG. 11 shows a fluorescent image light-receiving
sector and fluorescent image focusing zone that have been
matched,

[0075] FIG. 12 shows a fluorescent image Zk focused on
an area of the light-receiving zone of the photographing
element smaller than the entire light-receiving zone,

[0076] FIG. 13 is a schematic drawing of a fluorescent
endoscope according to the third embodiment of the present
invention,

[0077] FIG. 14 shows a fluorescent image Zk focused on
an area covering the entire light-receiving zone of the
photographing element,

[0078] FIG. 15 shows the readout of an image signal from
an MOS-type photographing element,

[0079] FIG. 16 is a schematic drawing of a fluorescent
endoscope according to the fourth embodiment of the
present invention,

[0080] FIG. 17 shows a fluorescent image Zk focused on
an area of the light-receiving zone of the photographing
element smaller than the entire light-receiving zone,

[0081] FIG. 18 is a schematic drawing of a fluorescent
endoscope according to the fifth embodiment of the present
invention,

[0082] FIG. 19 is a schematic drawing of the main part of
a fluorescent image photographing unit,

[0083] FIG. 20 is a schematic drawing showing the inter-
nal structures of a photographing element,

[0084] FIG. 21 shows the range of a readout zone set
within the light-receiving zone of a photographing element,
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[0085] FIG. 22 shows a charge transfer and storage por-
tion in the state in which a signal charge has been transferred
thereto from the light-receiving zone,

[0086] FIG. 23 shows a state in which a signal charge has
been discarded into the clearing drain,

[0087] FIG. 24 shows a state in which a signal charge is
subjected binning processing in the vertical transfer direc-
tion,

[0088] FIG. 25 shows a state in which a signal charge is
subjected binning processing in the horizontal transfer direc-
tion,

[0089] FIG. 26 shows the excess signal charge discarded
into the clearing drain at an intermediate stage of the reading
out of signal charge of horizontal line 1,

[0090] FIG. 27 shows a comparison between a zone read
out as a signal charge and the readout zone,

[0091] FIG. 28 is a schematic drawing of a photographing
element not provided with a clearing drain,

[0092] FIG. 29 is a schematic drawing of a fluorescent
endoscope according to the sixth embodiment of the present
invention,

[0093] FIG. 30 is a schematic drawing of a photographing
element,
[0094] FIG. 31 shows a readout zone and the zone in

which a fluorescent image has been assembled,

[0095] FIG. 32 shows the seitings of the pixel selecting
portion when a signal charge is subjected to binning pro-
cessing and read out,

[0096]

[0097] FIG. 34 shows the settings of the pixel selecting
portion when the dump charge is grouped together and read
out, and

[0098] FIG. 35 shows an example of the settings for cach
block when the residual signal charge is read out for each
block.

FIG. 33 shows the range of the non-readout zone,

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0099] Hereinafter, with reference to the drawings, the
preferred embodiments of the present invention will be
explained. FIG. 1 is a schematic drawing of a first embodi-
ment of a fluorescent endoscope implementing a photo-
graphing apparatus for executing the photographing method
according to the present invention.

[0100] Endoscope apparatus 800 comprises a light source
unit 100 for emitting stimulating light Le of a wavelength of
410 nm, an endoscope unit 200 for transferring a fluorescent
image of a living-tissue subject 1, which is formed of the
fluorescent light emitted by upon illumination thereof by
stimulating light Le emitted by light source unit 100 and
passed through an illumination fiber 21, from an input face
224 of an image fiber 22 to an output face 22b of said image
fiber 22, a fluorescent image photographing unit 300 for
photographing, converting to an image signal and outputting
the fluorescent image transferred to output face 22b of image
fiber 22, and a display 400 for displaying as an image the
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image signal that has been output from fluorescent image
photographing unit 300 and input thereto.

[0101] Light source unit 100 is provided with a white lLight
source 11 for emitting white light Lw, and a stimulating light
source 12 for emitting stimulating light Le. Of the white
light Lw emitted from white light source 11, that having a
wavelength of 420 nm is reflected and that in the wavelength
range over 420 nm passes through a dichroic mirror 13, and
the light passing through dichroic mirror 13 is focused by a
focusing lens 14 and enters the end face 214 of illumination
fiber 21. The stimulating light Le is emitted from stimulating
light source 12 at a different timing from that of the white
light Lw, and is reflected by dichroic mirror 13 and enters
input face 21a of illumination fiber 21 in the same way as
said component of white light Lw.

[0102] Endoscope unit 200 comprises a forward end 201,
into which the image of living-tissue subject 1, produced by
illumination thereof by the white light Lw and stimulating
light Le transferred through illumination fiber 21 enters, an
operation section 202 to which light source unit 100 and
fluorescent image photographing unit 300 are connected,
and an image fiber 22 formed of 10,000 strands of optical
fiber, wherein illumination fiber 21 extends from operating
section 202 to forward end 201.

[0103] In addition, forward end 201 is provided with an
illumination lens 23 for directing the white light Lw and the
stimulating light Le emitted from output 215 of illumination
fiber 21 entering end face 21a toward living-tissue subject 1,
an assembly lens 26 for focusing the image of living-tissue
subject 1 (hereinafter referred to as normal image Zw),
formed via a prism 24 by the white light Lw reflected by said
living-tissue subject 1, on a normal-image photographing
element 25, and a fluorescent image assembly lens 27 for
focusing the image of living-tissue subject 1 (hereinafter
referred to as fluorescent image Zk), which is composed of
the fluorescent light emitted by said living-tissue subject 1
upon illumination thereof by stimulating light Le and passed
through a stimulating light cutoff filter that cuts off wave-
lengths of light in the wavelength range below 420 nm, on
input face 22a of image fiber 22; fluorescent image Zk
focused on said input face 22a of image fiber 22 is trans-
ferred to output face 22b thereof. On the other hand, normal
image Zw focused on normal-image photographing element
25 is converted into an electric image signal and transferred
via a cable 28 to fluorescent image photographing unit 300.

[0104] Output face 22b of image fiber 22 is connected to
fluorescent image photographing unit 300, and fluorescent
image Zk conveyed to output face 22b is passed through
assembly lens 32 and reduced and assembled within light-
receiving zone 33a of fluorescent image photographing
element 33, which is a front-exposure type CCD photo-
graphing element comprising 25,000 pixels. The fluorescent
image Zk focused on said light-receiving zone 33a is
photographed by fluorescent image photographing element
33, converted to an electric image signal and output. The
image signal output by fluorescent image photographing
element 33 is input to an image signal extraction circuit 35,
and only the image signal obtained from the pixels contained
in the image readout zone contained in the assembly zone,
which has been determined in advance, within light-receiv-
ing zone 33a is extracted and output and again converted to
an image signal by a visible image processing circuit 34a
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and output. On the other hand, the image signal output by
normal-image photographing element 25 and transferred via
cable 28 is input to visible image processing circuit 34b,
converted to an image signal and output.

[0105] The two images output from visible image pro-
cessing circuits 34a and 34D are input to display 400 and
displayed as visible images.

[0106] Next, the operation of the fluorescent endoscope of
the configuration described above will be explained. Stimu-
lating light Le emitted from light source 100 enters end face
21a of illumination fiber 21, is conveyed therethrough to the
other end face 215, is output there from and passed through
illumination lens 23 and illuminates live-tissue subject 1.
Fluorescent image Zk emitted by live-tissue subject 1 upon
illumination by stimulating light Le passes through fluores-
cent image assembly lens 27, stimulating light cutoff filter
31 and image fiber 22 and is conveyed to said output face
22b. Fluorescent image Zk conveyed to output face 22b is
assembled within light-receiving zone 33a of photographing
element 33 by assembly lens 32. Then, the assembled
fluorescent image Zk is photographed by fluorescent image
photographing element 33 and output as an image signal,
only the image signal obtained from the signal charge held
on the pixels contained within the image readout zone of
light-receiving zone 33 is extracted by image signal extrac-
tion circuit 35 and output. The extracted image signal is
converted to a visible-image signal by visible image pro-
cessing circuit 34a and output from fluorescent image pho-
tographing unit 300.

[0107] On the other hand, the image of live-tissue subject
1 formed by the white light reflected from live-tissue subject
1 upon illumination thereof by white light Lw emitted from
light source 100 is focused on normal-image photographing
element 25 via prism 24. The assembled normal image Zw
is photographed by normal-image photographing element
25, output as an image signal, input to visible image pro-
cessing circuit 34b via cable 28, converted to a visible-image
signal and output from fluorescent image photographing unit
300.

[0108] Next, a detailed explanation will be given for cases
in which a fluorescent image Zk is photographed by fluo-
rescent image photographing unit 300. As shown in FIG. 2,
fluorescent image Zk transferred to output face 22b is
assembled within light-receiving zone 33 as close as pos-
sible to readout port 335 from which an image signal is read
out from fluorescent image recording element 33. More
specifically, a fluorescent image Zk having a circular outline
is focused on a zone inscribed in a corner formed by adjacent
sides L1 and 1.2, which define readout port 33b of light-
receiving zone 334 of fluorescent photographing element 33.
The number of pixels Nd (the number of pixels within the
light-receiving zone 33a receiving the light of the fluores-
cent image focused on light-receiving zone 33a) contained
within the fluorescent image focusing zone Es in which
fluorescent image Zk has been assembled is less than four
times the number of pixels Nf (the number of strands of
optical fiber representing fluorescent image Zk) representing
the image formed on the output face 225 of image fiber 22,
that is to say, the relationship therebetween is set so as to
satisfy the condition expressed by the formula Nfx4>Nd.

[0109] That is to say, in conventional photographing sys-
tems, the fluorescent image Zk conveyed to output face 22b
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of image fiber 22 is focused on a light-receiving zone having
a number of pixels greater than the sampling number of
Nfx4 required to obtain the image data of the pixels formed
of the number of optical fiber strands Nf; for example, the
fluorescent image Zk is focused on a fluorescent image
focusing zone Eb 4 times the size of fluorescent image
focusing zone Es (16 times the number of pixels, and also
substantially 16 times the area), which encompasses almost
the entire area of light-receiving zone 33a (refer to FIG. 3).

[0110] Therefore, for a case in which fluorescent image
Zk, which has been subjected to readout peak cell binning
processing, where 4x4 pixels=16 corresponds to 1 pixel, is
focused on fluorescent image focusing zone Eb and photo-
graphed, because each 16 pixels forming the fluorescent
image are treated as corresponding to 1 pixel, the image
becomes an image corresponding to the same as that of
aforementioned pixels Nd, and the total quantity of received
light also becomes equivalent to aforementioned quantity of
fluorescent light obtained when said fluorescent image Zk is
assembled small on few pixels in fluorescent image focusing
zone Es and the quantity of fluorescent light obtained when
said fluorescent image Zk is assembled large on many pixels
in fluorescent image focusing zone Eb.

[0111] Accordingly, for cases in which fluorescent image
Zk is not subjected to peak cell binning processing and is
assembled small in fluorescent image focusing zone Es, and
cases in which fluorescent image Zk is assembled large in
fluorescent image focusing zone Eb, is subjected to peak cell
binning processing, where 4x4 pixels corresponds to 1 pixel
and photographed, with regard to the total amount of
received light and resolution, the conditions are the same.
However, if the quantity of noise contained in the image
signal of the photographed images are compared, the fluo-
rescent image Zk focused on fluorescent image focusing
zone Es having few pixels and photographed has less noise
per pixel (that which corresponds to 1 pixel) than does the
fluorescent image focused on fluorescent image focusing
zone Eb having many pixels.

[0112] That is to say, as shown in FIG. 4A, when a portion
Zg within fluorescent image Zk conveyed to output face 22b
of image fiber 22 is focused on a zone gl formed of 4x4=16
light-receiving pixels, not subjected to peak cell binning
processing and is photographed, the total quantity of dark
noise and read out noise TDR 1 contained in image signal P1
obtained from the photographed 16 light-receiving pixels is
16 times the quantity of dark noise DN and read out noise
Rn produced from 1 pixel, that is:

TDR1=16xDN+16xRN.

[0113] In addition, as shown in FIG. 4B, in the same way
as described above, when a portion Zg within fluorescent
image Zk is focused on a zone GI formed of 4x4=16
light-receiving pixels, subjected to readout peak cell binning
processing, where 4x4=16 pixels in zone G1 correspond to
1 pixel, and photographed, the total quantity of dark noise
and read out noise TDR 2 contained in image signal P2
obtained from the photographed 16 light-receiving pixels is
the sum of 16 times the quantity of dark noise DN produced
from 1 pixel and 1 times the quantity of read out noise Rn
produced from 1 pixel, that is:

TDR1=16xDN+1xRN.

[0114] On the other hand, as shown in FIG. 4C, when a
portion Zg of the same fluorescent image Zk described
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above is assembled small in a zone G2 formed of 1 light-
receiving pixel, the total quantity of dark noise and read out
noise TDR 3 contained in image signal P3 obtained from the
photographed 1 pixel is the sum of 1 times the quantity of
dark noise DN and read out noise Rn produced from 1 pixel,
that is:

TDRI=1xDN +1%xRN;

=(1/16)x TDRI,

= (1/8)X TDR2.

[0115] Accordingly, if fluorescent image Zk is assembled
small and photographed, compared to a case in which the
same fluorescent image Zk is assembled large and photo-
graphed, the total quantity of noise contained in the image
signal representing fluorescent image Zk on only the small
number of pixels is reduced, the total quantity of received
light can be made equal, and as a result, the quantity of light
received per pixel can be increased.

[0116] More specifically, in a case, for example, in which
fluorescent image Zk is focused on the entire area of a
light-receiving zone of a photographing element comprising
512x512 pixels (substantially 250,000 pixels), is subjected
to peak cell binning processing, where 4x4=16 pixels cor-
responds to 128x128 pixels (corresponding to substantially
16,000 pixels) , and photographed, compared to a case in
which the same fluorescent image Zk is optically reduced to
Vi size 128x128 pixels (the 16,000 pixels of a zone Vis of the
light-receiving zone of the photographing element) and
assembled and photographed, the noise contained in the
imager signal obtained of each fluorescent image is as
follows.

[0117] That is, as shown in FIGS. 5A, 5B and 6A, 6B, the
X axis is the readout frequency of the photographing ele-
ment: f (mega pixels/sec), the Y axis is the area of 1 pixel of
the photographing element: S (um?) and the Z axis is the
total of the read out noise added to the dark noise read out
from the photographing element per pixel: DN+RN (number
of electrons), and for cases in which the exposure time is Y50
seconds at 20° C., the photographing element and the
readout circuit must be set as per the zone setting shown in
Area 1 of FIG. 5 in order to control the sum of readout noise
electrons and dark noise electrons per pixel contained in an
image signal read out when fluorescent image Zk is
assembled large in a light-receiving zone comprising 512x
512 pixels, is subjected to peak cell binning processing and
photographed to 10 or less; there is almost no freedom in
setting the substantially fixed range of the readout frequency
F and the area S of 1 pixel. On the other hand, to control the
sum of readout noise electrons and dark noise electrons per
pixel contained in an image signal read out when the same
fluorescent image Zk is optically reduced to % size,
assembled small in a zone comprising 128x128 pixels and
photographed, readout frequency F and area S of 1 pixel can
be set as per the zone shown in Area 2 of FIG. 5B, wherein
the range of possible settings for readout frequency F and
area S of 1 pixel are expanded, and it becomes possible to
select settings whereby the sum of the number of electrons
of readout noise and dark noise per pixel (hereinafter
referred to as number of noise electrons per pixel) can be
controlled to even less than 10.

Feb. 14, 2002

[0118] In addition, compared to the total quantity of noise
electrons produced when the temperature of the photograph-
ing element is 50°, as shown in FIG. 6A, there is no setting
zone for readout frequency F and the area S of 1 pixel to
control the number of noise electrons contained to 10 or less
per pixel in an image signal readout when fluorescent image
Zk is assembled large, subjected to peak cell binning pro-
cessing and photographed, however, the setting zone to
control the number of noise electrons per pixel contained in
an image signal read out when the same fluorescent image
Zk is optically reduced to % size, assembled small in a zone
comprising 128x128 pixels and photographed is the zone
shown in Area 3 of FIG. 6B, and the settings for readout
frequency F and area S of 1 pixel can be selected from this
Zone.

[0119] In this way, by focusing the fluorescent image
within a light-receiving zone in which the relationship
between the number of pixels Nf representing fluorescent
image Zk formed on the output face of the image fiber, and
the number of pixels Nd receiving the light of the fluorescent
image assembled within the light-receiving zone is such that
the condition expressed by the formula: Ndx4>Nf{, is satis-
fied; the number of pixels falls within the range not meeting
the required sampling number for obtaining the complete
image data of the fluorescent image formed on the output
face of the image fiber, and because the light of the fluo-
rescent image has been received on a number of pixels in a
range smaller than that by which it becomes possible to
distinguish the change of state to a tissue accompanying
various types of disease by analyzing a photographed fluo-
rescent image, the total quantity of fluorescent light received
is not reduced, the number of pixels, in the range within
which analysis of the fluorescent image is unimpeded,
receiving the light of fluorescent image Zk can be reduced,
and as a result, because the amount of dark noise produced
per pixel is not changed and the quantity of light received
per pixel can be increased, the fluorescent image can be
photographed as an image having a high S/N ratio.

[0120] In addition, for cases in which the noise produced
on 1 pixel of fluorescent image photographing element 33 is
set so as to be controlled to 10 or less, for example, as
described above, in the standard photographing state, that is,
in a photographing state in which the living-tissue subject is
illuminated by 100 mw of stimulating light having an
illumination coverage angle of 120° and in which the
fluorescent image is photographed utilizing the entire light-
receiving zone of the photographing element and an expo-
sure time of Y30 seconds, an image of a cancerous tissue can
be obtained as an image having a S/N ratio of 1 or higher,
and if, as described above, the fluorescent image is reduced
to ¥ size and focused on one section of the light-receiving
zone of the photographing element, an image signal having
an even higher S/N ratio can be obtained.

[0121] Further, if the number of optical fiber strands of the
output face of an image fiber is large, such that the number
of pixels representing a fluorescent image is, for example,
30,000, the formula expressing the condition to be met by
the relation between the number of pixels Nf and the number
of pixels Nd becomes: Nfx4=120,000>Nd, and for cases in
which the number of pixels Nd receiving the light of the
fluorescent image within the light-receiving zone is suffi-
ciently large, for example Nd=100,000, there are not an
unnecessarily large number of pixels Nd of the light-receiv-
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ing zone of the photographing element focusing the fluo-
rescent image formed on the output face of the image fiber,
and by focusing the fluorescent image in a light-receiving
zone limited to having 40,000 or fewer pixels, which is the
number at which it is possible to analyze a photographed
fluorescent image and distinguish the change of state to a
tissue accompanying various types of disease, the quantity
of fluorescent light received per pixel can be further
increased and the fluorescent image read out from the
photographing element, and the fluorescent image can be
obtained as an image signal having even higher S/N ratio.

[0122] Still further, by photographing and reading out
fluorescent image Zk at the closest point to readout port 33b,
fluorescent image Zk can be photographed as an image
having an even higher S/N ratio.

[0123] That is to say, as shown in FIG. 7A, if the pixels
arranged in lines in light-receiving zone 33a are labeled
starting with the line closest to readout port 330 as #1, #2,
#3, etc., when read out from the photographing element as
an image signal, as shown in FIG. 7B, the image signal
stored on a one line portion is read out from readout port 33b
starting with the pixels of line #1, and when read out of the
image charge stored on the pixels in line #1 is complete, as
shown in FIG. 7C, the image signal stored on the pixels of
line #2 is transferred one line to the position of readout port
33b, that is, is transferred to the position that had been
occupied by the already read out line #1. Then, as shown in
FIG. 7D, in the same way as the one line portion of the
pixels of line #1 were read out, the image signal stored on
line #2 is read out from readout port 33b in a one-line
portion. Then, this type of operation is repeated and by
reading out the image charge stored on each pixel, because
fluorescent image focusing zone Es in which fluorescent
image Zk is assembled is read out faster than the other zones,
the quantity of dark noise accumulated on each pixel with
the passage of time can be kept small.

[0124] In other words, the image focusing zone (fluores-
cent image focusing zone Es) for focusing round fluorescent
image ZK is set so that it is inscribed in a corner formed by
adjacent sides L1 and 1.2, which define readout port 33b of
light-receiving zone 33a of fluorescent photographing ele-
ment 33, and although each line #1, #2, #3, etc. also contains
pixels of zones outside fluorescent image readout zone Es,
cases in which a fluorescent image Zk of the same size is
assembled at the closest position to the set readout port 33b
described above, readout of fluorescent image Zk can be
completed more rapidly than for cases in which fluorescent
image Zk is focused on other regions, such as region Ex
shown in FIG. 7D.

[0125] For cases in which the signal charge stored on each
pixel of the photographing element is sequentially read out
as described above, by focusing the fluorescent image at the
closest position to the readout port within the light-receiving
zone of the photographing element, because the time for
dark noise to accumulate is reduced, the fluorescent image
can be photographed as an image having a higher S/N ratio.

[0126] The image signal carrying the image data of a
fluorescent image Zk photographed in this way is input to
image signal extraction circuit 35, and only the image signal
corresponding to the pixels contained within image readout
zone R of light-receiving zone 33a of the fluorescent image
photographing element shown in FIG. 2, and the thus
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extracted image signal is again input to image signal pro-
cessing circuit 34a, converted to a visible-image signal and
output from fluorescent image photographing unit 300.
Then, the image signal carrying the image data of said
fluorescent image Zk is input to display 400 together with
the image signal carrying the image data of normal image
Zw, which was photographed by normal-image photograph-
ing element 25 and output via visible image processing
circuit 34b, combined therewith and output on a single
screen as a visible image at the same time.

[0127] FIG. 8 is a schematic drawing of the main part of
a fluorescent endoscope implementing photographing appa-
ratus for executing the photographing method according to
the second embodiment of the present invention, and the
structures having functions in common with those in the first
embodiment are labeled with the same reference numerals.
As shown in FIG. 8, the fluorescent endoscope according
top the second embodiment of the present invention com-
prises a zooming optical means 55 capable of changing the
zooming rate of a fluorescent image Zk transferred to output
face 22b of the image fiber and assembled at a predeter-
mined zooming rate on fluorescent image photographing
element, an XY table 51 for supporting fluorescent image
photographing element 33, moving fluorescent image pho-
tographing element 33 and the light-receiving face thereof
on a parallel XY plane surface and which is provided with
a drive portion (not shown) for changing the position at
which fluorescent image Zk is assembled within light-
receiving zone 33a, and a photographing-conditions setting
device 52 for splitting the signal again output from readout
port 33b of fluorescent-image photographing element 33,
inputting said split signal and obtaining the total quantity of
fluorescent light the fluorescent image photographing ele-
ment received, and outputting 4 setting signals, correspond-
ing to said obtained quantity of received fluorescent light,
related to the zooming rate of zooming optical system 55,
the fluorescent image receiving sector within light-receiving
zone 33a of the fluorescent-image photographing element,
the readout zone within light-receiving zone 33a of the
fluorescent-image photographing element, and the readout
frequency of the photographing element to the zooming
optical system 55, XY table 51 and image signal extracting
circuit 35, and the fluorescent image photographing element
33, respectively, wherein the other structures are the same as
those of the first embodiment.

[0128] Note that photographing conditions setting device
52 is also provided with a function for changing, corre-
sponding to the zooming rate of zooming optical system 55,
the readout frequency of fluorescent image photographing
element 33, and corresponding to the degree to which the
zooming rate of zooming optical system 55 becomes lower,
the readout frequency of fluorescent image photographing
element 33 is set lower. In addition, for cases in which said
fluorescent image photographing element is a charge-ampli-
fication type photographing element that amplifies the
charge by impact ionization, the readout frequency of the
fluorescent image photographing element is fixed, and is not
changed by the zooming rate of zooming optical system S5.

[0129] That s to say, according to photographing elements
that are not charge-amplification type photographing ele-
ments that amplify the charge by impact ionization, for cases
in which the readout speed is 30 frames/second, a greater
quantity of readout noise than dark noise is produced, and
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said readout noise accounts for the greater part of the noise
produced. Here, if the readout speed is set and the number
of pixels read out per frame is %4, it is possible to make the
readout frequency % (it is possible to increase the time to
readout 1 pixel by 4 times). Because the quantity of readout
noise becomes larger in proportion to the readout frequency,
if the readout frequency becomes %, the readout noise
becomes . In other words, if the zooming rate is set at %
and the predetermined observation zone is focused smaller
on the photographing element and the number of pixels to be
read out is made to be %4, the readout frequency can be made
to be ¥4, and as a result, the readout noise can be reduced by
Y. Accordingly, the quantity of noise produced is reduced,
and the sensitivity is improved (the S/N ratio of the image
signal obtained is improved).

[0130] On the other hand, for cases in which a charge-
amplification type photographing element that amplifies the
charge by impact ionization is used at a readout speed of 30
frames/second, the dark noise accounts for the greater part
of the noise produced (compared to a normal photographing
element, the readout noise becomes less than Vic). The
reverse side of this is that this dark noise cannot be reduced
by the effect of impact ionization. Therefore, by making the
zooming rate of zooming optical system 55% and focusing
the predetermined observation zone smaller on the photo-
graphing element and making the number of pixels to be
readout %, even if the readout frequency is made %, the dark
noise is not reduced. For cases such as this, quite the
opposite, if the readout frequency is fixed and not changed
in correspondence to the zooming rate, the number of pixels
read out when the zooming rate has been set low becomes
small, the time required to read out 1 frame is shortened, and
the effect whereby the dark noise is reduced can be used.

[0131] Note that for cases in which the zooming rate of
zooming optical system 55 has been made low, the prede-
termined image is focused in a smaller zone on the photo-
graphing element (on a small number of pixels), and this
small number of pixels is controlled by photographing
conditions setting device 52 so as to be obtained as a 1 frame
image.

[0132] Next, operation of the second embodiment will be
explained. As shown in FIG. 8, in the initial state, in which
zooming optical system 55 has been set to the desired
zooming rate and XY table 51 has been set to the desired
position, the fluorescent image Zk transferred to output face
22b of the image fiber is assembled within light-receiving
zone 33a of the fluorescent-image photographing element at
the desired size as an image having a circular outline in
fluorescent image focusing zone E, photographed and output
from readout port 33b as image signal Sgl. Then, the image
signal Sg1 output from readout port 33b is split in two: the
image signal Sgl transferred to one side of the transfer
circuit is input to the image signal extraction circuit 35, and
the image signal Sgl transferred to the other side of the
transfer circuit is input to photographing-conditions setting
device 52. Note that because the image signals of the split
image signal have the same signal value as the image signal
prior to splitting, all 3 of said image signals are represented
as Sgl.

[0133] Next, setting the settings of zooming optical sys-
tem 55, XY table 51 and image signal extraction circuit 35,
based on the setting signals output from photographing-

Feb. 14, 2002

conditions setting device 52 into which image signal Sg1 has
been input, will be explained. Photographing-conditions
setting device 52 into which image signal Sg1 has been input
obtains the total quantity of fluorescent light Tp1 received by
fluorescent image photographing element 33, that is, obtains
the total quantity of fluorescent light received from fluores-
cent image ZK, and by dividing the total quantity of received
light Tp1 by the value, Op, of the standard quantity of light
received per pixel, which has been entered and recorded in
photographing-conditions setting device 52 in advance, pho-
tographing-conditions setting device 52, obtains a number of
pixels, Tpl/Op=Gnl, appropriate for receiving the light of
said fluorescent image Zk. In other words, if fluorescent
image Zk is focused on a number of pixels Gnl (individual
pixels) within light-receiving zone 33a of the fluorescent
image photographing element, the average quantity of light
received per pixel in the light-receiving zone receiving the
light of fluorescent image Zk can be made to match the
standard value Op of the quantity of light to be received per
pixel recorded in photographing-conditions setting device
52.

[0134] Note that said standard of quantity of received Op
is set at the minimum quantity of light required to be
received per pixel so as to ensure for the clarity of the
fluorescent image to be viewed, and accompanying recep-
tion of a quantity of light per pixel that is lower than this
value, the signal charge stored due to reception of the
fluorescent light becomes buried in the signal charge stored
due to noise, and the fluorescent image to be viewed has
poor clarity, whereby it is difficult to distinguish clearly the
structures therein.

[0135] For cases in which the relation of the number of
pixels Gnl to aforementioned value Nfx4 is such that
Nfx4>Gnl, the number of pixels receiving the light of
fluorescent image Zk is Gnl, and for cases in which the
relation is such that Nfx4<Gnl, the number of pixels receiv-
ing the light of fluorescent image Zk is the number of pixels
Gnl' satisfying the condition: Nfx4>Gnl'. That is to say,
even for cases in which the quantity of light emitted from a
living-tissue subject is extraordinarily large, the fluorescent
image Zk is not focused on a number of pixels greater than
that required; the number of pixels receiving the light is set
so that the quantity of light received per pixel is increased.
Based on the number of pixels receiving the light of fluo-
rescent image Zk, set as described above, the area of the
light-receiving zone in which fluorescent image Zk is
assembled, fluorescent image assembly area P1, is obtained.

[0136] Next, the obtaining of the setting signals by pho-
tographing conditions setting device 52, based on aforemen-
tioned fluorescent image assembly area P1, will be
explained. First, by obtaining the ratio of output face 22b of
the image fiber to aforementioned fluorescent image assem-
bly area P1, a setting signal Sal, which sets the predeter-
mined zooming rate M of zooming optical system 55 is
obtained so that the area of the fluorescent image Zk to be
assembled within light-receiving zone 33« of the fluorescent
image photographing element is equivalent to fluorescent
image assembly area P1. Next, in the same way as in the first
embodiment and as shown in FIG. 9, within a circular zone
inscribed by sides L1 and L.2 and enclosing readout port 33b
within light-receiving zone 33a of the fluorescent image
photographing element, fluorescent image light-receiving
sector Q1 within area P1 is set, and based on the position of
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center-point J1 within said fluorescent image light-receiving
sector Q1, a setting signal Sbl, which determines the
orientations of the X and Y directions of fluorescent image
photographing element 33, is determined. Then, by setting
as an image readout zone R1 a desired zone contained within
fluorescent image light-receiving sector Q1 within light-
receiving zone 33a of the fluorescent image photographing
element, a setting signal Scl for extracting a specific image
signal corresponding to the pixels contained in image read-
out zone R1 is obtained.

[0137] Continuing, photographing conditions setting
device 52 outputs setting signals Sal, Sb1l and Scl to
zooming optical system 55, XY table 51 and image signal
extraction circuit 35, respectively. When setting signal Sal
is input to zooming optical system 55, the zooming rate
thereof is set, and as shown in FIG. 10, fluorescent image Zk
having a fluorescent image assembly area P1 is assembled
within fluorescent image focusing zone E1 within light-
receiving zone 33a of the fluorescent image photographing
element.

[0138] Then, as shown in FIG. 11, when sctting signal Sb1
is input to XY table 51, fluorescent image photographing
element 33 is moved by XY table 51 in the direction of
arrow H so as to match center-point J1 of fluorescent image
light-receiving sector Q1 within said light-receiving zone
33a with the position at which light axis Z of the zooming
optical system focusing fluorescent image Zk intersects with
light-receiving zone 33a of the fluorescent image photo-
graphing element, that is, center-point V of the fluorescent
image focusing zone E1. That is to say, center-point J1 of
fluorescent image light-recciving sector Q1 within light-
receiving zone 33a of fluorescent image photographing
element 33 is moved together with fluorescent image pho-
tographing unit 33 toward center-point V of fluorescent
image focusing zone E1, in which the fluorescent image Zk
has been assembled; the relative positions of the assembly
zone, in which fluorescent image Zk has been assembled,
and fluorescent image photographing element 33 are
changed and XY table 51 stops at the position at which
aforementioned fluorescent image focusing zone E1 and
fluorescent image light-receiving sector Q1 are matched.

[0139] Then, fluorescent image Zk is photographed under
the settings described above, image signal Sg1 that has been
read out from readout port 336 of fluorescent image photo-
graphing element 33 and input to image signal extraction
circuit 35, only the image signal obtained from the pixels
contained within the range of readout zone R1 that has been
set within light-receiving zone 33a is extracted and output,
and the extracted and output image signal is input to
visible-image signal processing circuit 34a, converted to a
visible-image signal and output.

[0140] The visible-image signal, carrying the image data
of fluorescent image Zk, output from visible image data
processing circuit 34a, in the same way as in the first
embodiment, is photographed by normal-image photograph-
ing element 25 and output via visible-image signal process-
ing circuit 34b, and input, combined with the image signal
carrying the image data of normal image Zw, to display 400
and output simultaneously on one display screen as a visible
image (refer to FIG. 1).

[0141] Next, an explanation will be given for a case in
which, with the fluorescent image ZKk is in the state of being
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displayed as described above, the quantity of fluorescent
light emitted from a living-tissue subject and the quantity of
light received at fluorescent image photographing element
33 is reduced. As shown in FIG. 12, in the same way as
described above, the photographing conditions setting
device 52 into which the image signal Sg2 obtained when
the quantity of fluorescent light received at the fluorescent
image photographing element 33 is reduced obtains the total
quantity of received light Tp2 received at fluorescent image
photographing element 33, and by dividing said total quan-
tity of received light Tp2 by aforementioned standard quan-
tity of received light Op, a smaller number of pixels than that
described above, Gn2=Tp2/Op, is obtained. In other words,
if fluorescent image Zk is focused on the number of pixels
Gn2 (individual pixels) within light-receiving zone 33a of
fluorescent image photographing element 33, the average
quantity of light received per pixel within this assembly
zone can be made to be the same as the standard quantity of
received light Op.

[0142] Then, in the same way as described above, for
cases in which the relation of the number of pixels Gn2 to
aforementioned value Nfx4 is such that Nfx4>Gn2, the
number of pixels receiving the light of fluorescent image Zk
is Gn2, and for cases in which the relation is such that
Nfx4<Gn2, the number of pixels receiving the light of
fluorescent image Zk is the number of pixels Gn2' satisfying
the condition: Nfx4>Gn2'. Based on the number of pixels
receiving the light of fluorescent image Zk, set as described
above, the area of the light-receiving zone in which fluo-
rescent image Zk is assembled, fluorescent image assembly
area P2, is obtained.

[0143] Continuing, by the same procedure described
above, setting signals Sa2, Sb2 and Sa3 are obtained by
photographing conditions setting device 52, based on afore-
mentioned fluorescent image focusing zone P2, and output
to zooming optical means 55, XY table 51 and image signal
extraction circuit 35, respectively. When setting signal Sa2
is input to zooming optical system 55, the zooming rate of
zooming optical system 53 is set so that when fluorescent
image Zk is assembled, the area within light-receiving zone
33a of the fluorescent image photographing element focus-
ing said fluorescent image Zk becomes fluorescent image
assembly area P2. Next, when setting signal Sb2 is input to
XY table 51, fluorescent image light-receiving sector Q2 is
set at the closest position to the readout port 33b of the
fluorescent image photographing element within light-re-
ceiving zone 33a having the same area as aforementioned
fluorescent image assembly area P2, and fluorescent image
photographing element 33 is moved by XY table 51 so as to
match center-point J2 of said fluorescent image light-receiv-
ing sector Q2 within said light-receiving zone 33a with the
light axis Z of the optical system focusing fluorescent image
Zk, that is, center-point V of the fluorescent image focusing
zone E2. That is to say, fluorescent image focusing zone E2
is moved together with fluorescent image photographing
element 33 toward fluorescent image light-receiving sector
Q2 in which fluorescent image Zk is has been assembled,
and XY table 51 stops at the position at which aforemen-
tioned fluorescent image focusing zone E2 and fluorescent
image light-receiving sector Q2 are matched.

[0144] Then, according to the setting in which the reso-
lution of aforementioned fluorescent image is lowered, the
quantity of light received per pixel is increased and the S/N
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ratio improved, fluorescent image Zk is photographed and
readout from readout port 33D as image signal Sg2, said
image signal Sg2 is input to image signal extracting circuit
35 and only the image signal of the pixels contained within
fluorescent image extraction zone R2 within fluorescent
image light-receiving sector Q2, which has been set within
light-receiving zone 33a based on aforementioned setting
signal Sc2, is extracted and output, and said extracted and
output image signal is converted to a visible-image signal
and output.

[0145] The visible-image signal, carrying the image data
of fluorescent image Zk, output from visible-image signal
processing circuit 34a, in the same way as described above,
is photographed by normal-image photographing element 25
and output via visible-image signal processing circuit 34b,
and input, combined with the image signal carrying the
image data of normal image Zw, to display 400 and output
simultaneously on one display screen as a visible image.

[0146] In thisway, according to the second embodiment of
the present invention, by changing the size of the fluorescent
image assembled within light-receiving zone 33a of the
fluorescent image photographing element in accordance
with the quantity of fluorescent light received at the photo-
graphing element, because adjustment can be made so that
the quantity of light received per pixel is ensured and
resolution of the fluorescent image is improved, the fluo-
rescent image can be photographed as an image having an
appropriate quantity of light as well as good resolution.

[0147] Note that according to the first and second embodi-
ments, although fluorescent image Zk is assembled at the
closest point to the readout port, even if fluorescent image
Zk is not assembled at the closest point to the readout port,
if the light received per pixel can be ensured to match the
standard quantity of received light per pixel, the effect
whereby the S/N ratio per pixel is improved can be obtained.
Further, if the settings to assemble fluorescent image Zk at
the closest point to the readout port are carried out, early
readout of the signal charge, representing fluorescent image
Zk, stored on each pixel of the fluorescent image focusing
zone becomes possible, and because the time for dark noise
to accumulate on each pixel contained in said fluorescent
image focusing zone is shortened, the fluorescent image can
be photographed as an image having a higher S/N ratio.

[0148] In addition, according to the first and second
embodiments, an example utilizing a front-exposure type
CCD photographing element was given, if a photographing
element sequentially reads out the signal charge stored on
each pixel, the photographing element to be utilized is not
necessarily limited to front-exposure CCD type photograph-
ing elements; other photographing elements, such as rear-
exposure type CCD photographing elements, etc. may also
be used.

[0149] Note that for cases in which a rear-exposure type
photographing element is used, because the quantum effi-
ciency of a rear-exposure type photographing element is
substantially twice that of a front-exposure type photograph-
ing element, in aforementioned standard photographing
state, for cases in which a cancerous tissue is photographed
as an image having an S/N ratio of 1 or higher, at normal
temperature or lower, the photographing conditions can be
set so that the sum of the number of electrons of readout
noise and dark noise produced on each pixel within the
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light-receiving zone receiving the light of the fluorescent
image is 20 or less and the fluorescent image formed on the
output face of the image fiber photographed, and if the
number of pixels receiving the light of fluorescent image Zk
within the light-receiving zone is made few, the S/N ratio
can be raised even further.

[0150] FIG. 13 is a schematic drawing showing the main
part of a fluorescent image photographing unit, contained
within a fluorescent endoscope apparatus implementing a
photographing apparatus for carrying out the photographing
method according to the third embodiment of the present
invention, and structures having functions in common with
those of the first embodiment are labeled with the same
reference numerals. As shown in FIG. 13, the configuration
of the fluorescent endoscope apparatus according to the third
embodiment utilizes an MOS type photographing element
61 capable of reading out the signal charge stored on each
pixel as the photographing element, which is set so that the
fluorescent image Zk conveyed to output face 22b of the
image fiber is assembled by an focusing mirror 32 in the
fluorescent image focusing zone Es within the readout zone
Fs set within light-receiving zone 61a of MOS type photo-
graphing element 61 and photographed, and in which the
image signal extracting circuit 35 employed in the first
embodiment has been excluded.

[0151] In addition, in the same way as in the first embodi-
ment, the number of pixels Nd contained within fluorescent
image focusing zone Es in which fluorescent image Zk has
been assembled (the number of pixels Nd contained within
light-receiving zone 61a receiving the light of fluorescent
image Zk which has been assembled therein) is less than 4
times the number of pixels Nf displaying the fluorescent
image formed on output face 22b of the image fiber, that is
to say, is set so as to satisfy the condition: Ndx4>Nf.

[0152] According to this type of configuration, for cases in
which the fluorescent image Zk conveyed to output face 22b
of the image fiber is assembled by an focusing mirror 32 in
the fluorescent image focusing zone Es within light-receiv-
ing zone 61a and photographed by MOS type photographing
element 61, compared to cases in which fluorescent image
Zk is focused on fluorescent image focusing zone Eb, which
encompasses almost the entire light-receiving zone of the
photographing element (refer to FIG. 14), cases in which
fluorescent image Zk is assembled within light-receiving
zone 6la on a small fluorescent image focusing zone Es
satisfying the condition expressed by the formula:
Nfx4>Nd, and photographed, the S/N ratio of the image can
be improved due to the same reason as in the first embodi-
ment.

[0153] For example, comparing fluorescent image Zk
assembled large in fluorescent image focusing zone Zk of
photographing element 61 to fluorescent image Zk
assembled small within fluorescent image focusing zone Eb
at %is the size of said fluorescent image focusing zone Es, the
quantity of light received per pixel for cases in which
fluorescent image Zk is assembled small on the Yis size zone
becomes 16 times that of cases in which fluorescent image
Zk is assembled large on the entire light-receiving zone, and
on the other hand, the quantity of noise produced per pixel
is substantially equal. As a result, because the ratio of the
signal charge stored on 1 pixel due to reception of fluores-
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cent light to the signal charge stored as noise becomes high,
the fluorescent image can be photographed as an image
having a high S/N ratio.

[0154] In addition, because the MOS type photographing
element is capable of reading out, in a random manner, the
signal charge stored on each pixel, there is no limitation due
to the direction in which each pixel of the photographing
element is arranged, and as shown in FIG. 15, for example,
if the arrangement of the pixels of light-receiving zone 61a
within MOS type photographing element 61 is 500x500
lines represented by P (500, 500), because the pixels con-
tained within readout zone Fs enclosed within the 4 points
of pixel P1=P (200, 200), pixel P2=P (200, 300) , P3=(300,
200) and P4=(300, 300) can be set so as to be read out prior
to the pixels contained within other zones, if said readout
zone Fs is set so as to be read out prior to the other zones,
the time for dark noise to accumulate on each pixel of
readout zone Fs is shortened and the fluorescent image can
be photographed as an image having a higher S/N ratio.

[0155] According to this type of setting, fluorescent image
Zk is photographed by MOS type photographing element 61
and output therefrom as image signal Sgl, said image signal
Sgl is input to visible image processing circuit 34a, con-
verted to a visible-image signal and output from fluorescent
image photographing unit 300.

[0156] The visible-image signal, carrying the image data
of fluorescent image Zk, output from visible-image signal
processing circuit 34a, in the same way as in the first
embodiment, is photographed by normal-image photograph-
ing element 25 and output via visible-image signal process-
ing circuit 34b, and input, combined with the image signal
carrying the image data of normal image Zw, to display 400
and output simultaneously on one display screen as a visible
image.

[0157] FIG. 16 is a schematic drawing showing the main
part of a fluorescent image photographing unit, contained
within a fluorescent endoscope apparatus implementing a
photographing apparatus for carrying out the photographing
method according to the fourth embodiment of the present
invention, and structures having functions in common with
those of the third embodiment are labeled with the same
reference numerals. Note that the third embodiment has been
described in reference to the first embodiment, and a part of
the explanation given below is given in reference to FIG. 1.

[0158] As shown in FIG. 16, the fluorescent endoscope
apparatus according to the fourth embodiment comprises a
zooming optical system 71 capable of changing the prede-
termined zooming rate at which the fluorescent image Zk
conveyed to output face 22b of the image fiber is assembled
within light-receiving zone 61a of MOS type photographing
element 61, and a readout control device 73 for splitting and
inputting the image signal output from MOS type photo-
graphing element 61, obtaining the total quantity of fluo-
rescent light received at MOS type photographing element
61, obtaining the zooming rate setting value of zooming
optical means 71 and the setting value of the readout zone
within light-receiving zone 61a corresponding to said total
quantity of received light, and outputting each respective
setting signal to zooming optical system 71 and MOS type
photographing element 61, wherein the other structures are
the same as those of the third embodiment.

[0159] Next, the operation of photographing apparatus
according to the fourth embodiment will be explained. In the
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initial state, in which the desired zooming rate of zooming
optical system 71 and the desired readout zone within
light-receiving zone 61a of MOS type photographing ele-
ment 61 have been set, the fluorescent image Zk transferred
to output face 22b of the image fiber is assembled at the
desired position and the desired size within light-receiving
zone 6la of MOS type photographing element 61 as an
image having a round outline, photographed, and output as
image signal Sgl. Then, the image signal Sgl output from
MOS type photographing element 61 is split in two: the
image signal Sgl transferred to one side of the transfer
circuit is input to visible image processing circuit 34a, and
the image signal Sgl transferred to the other side of the
transfer circuit is input to readout control device 73. Note
that because the two image signals of the split image signal
have the same signal value as the image signal prior to
splitting, all three of said image signals are represented as
Sgl.

[0160] Next, the setting of the zooming rate of zooming
optical system 71, and the readout zone within light-receiv-
ing zone 6la, based on the setting signals output from
readout control device 73 into which image signal Sg1 has
been input, will be explained.

[0161] The readout control device 73, into which image
signal Sgl has been input, obtains the total quantity of
fluorescent light received at MOS type photographing ele-
ment 61, that is, the total quantity of received light Tpl
received through reception of fluorescent image Zk, and by
dividing said total quantity of received light Tpl by the
value of the standard quantity of received light per pixel Op,
which has been prerecorded in readout control device 73, an
appropriate number of pixels to receive the light of fluores-
cent image Zk, Tp1/Op =Gnl, is obtained. In other words,
if fluorescent image Zk is focused on a number of pixels Gnl
(individual pixels) within light-receiving zone 33a of the
fluorescent image photographing element, the average quan-
tity of light received per pixel within the light-receiving
zone receiving the light of said fluorescent image Zk can be
made to match that of the standard quantity of received light
per pixel Op prerecorded in said readout control device 73.

[0162] Note that the value of aforementioned standard
quantity of received light Op is set at the minimum quantity
of light required to be received per pixel so as to ensure for
the clarity of the fluorescent image to be viewed, and
accompanying reception of a quantity of light per pixel that
is lower than this value, the signal charge stored due to
reception of the fluorescent light becomes buried in the
signal charge stored due to noise, and the fluorescent image
to be viewed has poor clarity, whereby it is difficult to
distinguish clearly the structures therein.

[0163] For cases in which the relation of the number of
pixels Gnl to aforementioned value Nfx4 is such that
Nfx4>Gnl, the number of pixels receiving the light of
fluorescent image Zk is Gnl, and for cases in which the
relation is such that Nfx4<Gnl, the number of pixels receiv-
ing the light of fluorescent image Zk is the number of pixels
Gnl' satisfying the condition: Nfx4>Gnl'. That is to say,
even for cases in which the quantity of light emitted from a
living-tissue subject is extraordinarily large, the fluorescent
image Zk is not focused on a number of pixels greater than
that required; the number of pixels receiving the light is set
so that the quantity of light received per pixel is increased.
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Based on the number of pixels receiving the light of fluo-
rescent image ZKk, set as described above, the area of the
light-receiving zone in which fluorescent image Zk is
assembled, fluorescent image assembly area P1, is obtained.

[0164] Continuing, the obtaining of the setting signals by
readout control device 73, based on aforementioned fluo-
rescent image assembly area P1, will be explained. First, by
obtaining the ratio of output face 22b of the image fiber to
aforementioned fluorescent image assembly area P1, the
setting signal Sal for setting the predetermined zooming rate
of zooming optical system 71, which causes the area within
light-receiving zone 61a of MOS type photographing ele-
ment 61 in which fluorescent image Zk is to be assembled
to become equal to that of fluorescent image focusing zone
P1, is obtained. Next, a setting signal Sbl for setting a
square-shaped readout zone F1, which circumscribes fluo-
rescent image focusing zone E1 having a round shape,
within which fluorescent image Zk is assembled in area P1
of light-receiving zone 61a, so that the center-point C1
thereof (the point at which the diagonal lines intersect) is
matched with light axis Z of the optical system focusing the
fluorescent image Zk, that is, with the center-point of
fluorescent image fluorescent image focusing zone El, is
obtained.

[0165] Then, when setting Sal is input to zooming optical
system 71, the zooming rate thereof is set, and fluorescent
image Zk having fluorescent image assembly area P1 is
assembled within light-receiving zone 61a of MOS type
photographing element 61. Then, when setting signal Sb1 is
input to MOS type photographing element 61, aforemen-
tioned readout zone F1 is set within the light-receiving zone
61a thereof.

[0166] According to the settings described above, fluores-
cent image ZK is photographed by MOS type photographing
element 61 and output therefrom as image signal Sgl, said
image signal Sgl is input to visible image processing circuit
344, converted to a visible-image signal and output from
fluorescent image photographing unit 300.

[0167] The visible-image signal, carrying the image data
of fluorescent image Zk, output from visible image data
processing circuit 34a, in the same way as in the third
embodiment, is photographed by normal-image photograph-
ing element 25 and output via visible-image signal process-
ing circuit 34b, and input, combined with the image signal
carrying the image data of normal image Zw, to display 400
and output simultaneously on one display screen as a visible
image (refer to FIG. 1).

[0168] Next, an explanation will be with reference to FIG.
17 for cases in which, in the state described above in which
the range of readout zone F1 containing fluorescent image
Zk is displayed as a visible image, the quantity of light
emitted from the living-tissue subject is reduced and the
quantity of fluorescent light received on MOS type photo-
graphing element 61 is reduced.

[0169] Readout control device 73 into which image signal
Sg2 has been input when the quantity of fluorescent light
received by MOS type photographing element 61 is reduced,
in the same way as described above, obtains the total
quantity of fluorescent light received by MOS type photo-
graphing element 61, and by dividing the value of this total
quantity of received light Tp2 by the value of aforemen-
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tioned standard quantity of received light Op, a number of
pixels Gn2 smaller than aforementioned number of pixels is
obtained: Gn2=Tp2/Op. In other words, if fluorescent image
Zk is focused on the number of pixels Gn2 (individual
pixels) within light-receiving zone 61a of the fluorescent
image photographing element, the average quantity of light
received on the pixels within this assembly zone can be
made to match the value of the standard quantity of received
light Op.

[0170] Then, in the same way as described above, for
cases in which the relation of the number of pixels Gn2 to
aforementioned value Nfx4 is such that Nfx4>Gn2, the
number of pixels receiving the light of fluorescent image Zk
is Gn2, for cases in which the relation is such that
Nfx4<Gn2, the number of pixels receiving the light of
fluorescent image Zk is the number of pixels Gn2' satisfying
the condition: Nfx4>Gn2'. Based on the number of pixels
receiving the light of fluorescent image Zk, set as described
above, the area of the light-receiving zone in which fluo-
rescent image Zk is assembled, fluorescent image assembly
arca P2, is obtained.

[0171] Continuing, the obtaining of the setting signals by
readout control device 73, based on aforementioned fluo-
rescent image assembly area P2, will be explained. First, by
obtaining the ratio of output face 22b of the image fiber to
aforementioned fluorescent image assembly area P2, the
setting signal Sa2 for setting the zooming rate of zooming
optical system 71, is obtained. Next, a setting signal Sb2 for
setting a square-shaped readout zone F2, which circum-
scribes fluorescent image focusing zone E2 having a round
shape, within which fluorescent image Zk is assembled in
area P2 of light-receiving zone 61a, so that the center-point
C2 thereof (the point at which the diagonal lines intersect)
is matched with light axis Z of the optical system focusing
the fluorescent image Zk, that is, with the center-point of
fluorescent image fluorescent image focusing zone E2, is
obtained.

[0172] Then, when setting Sa2 is input to zooming optical
system 71, the zooming rate thereof is set, and a small
fluorescent image Zk having fluorescent image assembly
area P2 is assembled within light-receiving zone 6la of
MOS type photographing element 61. Then, when setting
signal Sb2 is input to MOS type photographing element 61,
a readout zone F2 containing aforementioned fluorescent
image Zk, which has been assembled small within the
light-receiving zone 61la thereof, is set within said light-
receiving zone 6la.

[0173] According to the setting in which the resolution of
aforementioned image is lowered, the quantity of light
received per pixel is increased and the S/N ratio improved,
the signal charge of the pixels contained within readout zone
F2 is output from MOS type photographing element 61 as
image signal Sg2', input to visible-image signal processing
circuit 344, converted to a visible-image signal and output
from fluorescent image photographing unit 300.

[0174] The visible-image signal, carrying the image data
of fluorescent image Zk, output from visible image data
processing circuit 34a, in the same way as in the third
embodiment, is photographed by normal-image photograph-
ing element 25 and output via visible-image signal process-
ing circuit 34b, and input, combined with the image signal
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carrying the image data of normal image Zw, to display 400
and output simultaneously on one display screen as a visible
image (refer to FIG. 1).

[0175] In this way, according to the fourth embodiment of
the present invention, by changing the size of the fluorescent
image assembled within light-receiving zone of the MOS
type photographing element in accordance with the quantity
of fluorescent light received at said photographing element,
because adjustment can be made so that the quantity of light
received per pixel is ensured and resolution of the fluores-
cent image is improved, the fluorescent image can be
photographed as an image having an appropriate quantity of
light as well as good resolution, a reading zone neither too
small nor too large can be set in accordance with the size of
the fluorescent image, whereby efficient initial readout of the
fluorescent image becomes possible and the fluorescent
image can be photographed as an image having a high S/N
ratio.

[0176] Note that according to the fourth embodiment, an
example in which a readout zone was set as a square-shaped
circumscribed in the image focusing zone of the fluorescent
image, and the signal charge of the pixels contained within
said readout zone were set so as to be read out was given,
however, the effect by which the noise produced per pixel is
controlled, the quantity of received light increased and the
S/N ratio improved can be obtained by focusing the fluo-
rescent image small, and settings such as those described
above are not necessarily required. However, if readout zone
circumscribed within the image focusing zone of the fluo-
rescent image is set and read out at an early period//prior to
the other zones, compared to cases in a larger readout zone
has been set read out thereof is performed, because the time
for dark noise to accumulate on each pixel receiving the light
of the fluorescent image is shortened, an effect by which the
fluorescent image can be photographed as an image having
a further improved S/N ratio can be obtained.

[0177] In addition, according to the third and fourth
embodiments, examples were given in which an MOS type
photographing element was used as the photographing ele-
ment, however, if the photographing element used is capable
of reading out the signal charge of each pixel in a random
manner, it is not necessarily limited to being an MOS type
photographing element.

[0178] FIG. 18 is a schematic drawing showing a part of
a fluorescent image photographing unit, contained within a
fluorescent endoscope apparatus implementing a photo-
graphing apparatus for carrying out the photographing
method according to the fifth embodiment of the present
invention, and structures in common with those of the first
embodiment are labeled with the same reference numerals.
The photographing apparatus utilized in the fluorescent
endoscope apparatus according to the fifth embodiment of
the present invention is a frame transfer type CCD for
sequentially transferring and reading out the signal charge
stored on each pixel, which is provided with a clearing drain.

[0179] As shown in FIGS. 18 and 19, the fluorescent
image photographing unit 300 of the fluorescent endoscope
apparatus of the fifth embodiment comprises an image fiber
22, a photographing element 80 for sequentially transferring
and reading out the signal charge stored on each pixel, a
sequential-readout control means 81 and a gate control
means 82 for controlling the readout of the signal charge of
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the light received by photographing element 80, a zooming
optical system 355, which is an assembly means capable of
changing the zooming rate, for focusing fluorescent image
Zk transferred to output face 22b of the image cable on
photographing element 80 (assembled as the light image of
the subject), and a readout conditions setting device 83 for
setting the zooming rate of zooming optical system 55 as
well as the readout zone, and in which the image signal
extraction circuit, for extracting the image signal, of the first
embodiment has been excluded. The other structures are the
same as those of the first embodiment. Note that the light-
receiving zone 80a of photographing element 80 is provided
with nxm number of individual light-receiving pixels
arranged as a matrix.

[0180] The fluorescent image Zk transferred to output face
22b of the image fiber is focused on readout zone 80y, which
is formed from % or less of the total number of light-
receiving pixels of light-receiving zone 80a.

[0181] As shown in FIG. 18, photographing element 80
comprises a photoelectric conversion portion 84 formed of
a number nxm light-receiving pixels arranged as a matrix
and provided with a function for photoelectrically convert-
ing the light received at each pixel and storing said photo-
electrically converted light as a signal charge on each pixel
and a function for grouping together and vertically transfer-
ring the entire signal charge stored on the light-receiving
pixels, a charge transfer portion 85 for sequentially trans-
ferring the signal charge from photoelectric conversion
portion 84, which has been grouped together, vertically
transferred and stored on each light-receiving pixel, a
sequential-readout portion 86 for converting to an electric
image signal and reading out the signal charge, of readout
zone 80y, sequentially transferred by charge transfer portion
85, a clearing drain 87 for discarding outside of charge
transfer portion 85 the signal charge stored on the pixels
contained in non-readout zone 80/ outside said readout zone
80y, a first gate 88a disposed between charge transfer
portion 85 and sequential-readout portion 86 for controlling
passage of the signal charge transferred by charge transfer
portion 85 to sequential-readout portion 86 (that is, opening
and closing of the gate is performed to control passage of the
signal charge), and a second gate 88b disposed between
charge transfer portion 85 and clearing drain 87 for control-
ling passage of the signal charge transferred by charge
transfer portion 85 to clearing drain 87.

[0182] Charge transfer portion 85 is provided with a
charge transfer storage portion formed of a number of pixels
nxm arranged as a matrix for storing a signal charge, and a
horizontal charge transfer portion 85b formed of a number
of pixels m arranged in a straight line. Charge transfer
storage portion 835a stores the signal charge grouped
together and vertically transferred by charge transfer portion
84, and transfers said stored signal charge to horizontal
transfer portion 85b 1 horizontal line at a time. Horizontal
transfer portion 85b, by again horizontally transferring the
signal charge transferred 1 horizontal line at a time from
charge transfer storage portion 854, has a function of group-
ing together and discarding, and a function of transferring
said horizontal 1 line signal charge to sequential-readout
portion 86.

[0183] Sequential readout control means 81 inputs the
setting signal output from readout conditions setting device
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83, and based on said setting signal, controls charge transfer
storage portion 85a, horizontal transfer portion 85b and
sequential-readout portion 86, and outputs vertical transfer
commands, horizontal transfer commands, etc.

[0184] For cases in which a vertical transfer command is
output from sequential readout control means 81, the charge
transfer storage portion 835a and horizontal transfer portion
85b into which said command has been input transfer said
horizontal 1 line signal charge in a vertical direction. That is
to say, these signal charges are transferred 1 horizontal line
at a time from charge transfer storage portion 854 to

horizontal transfer portion 85b, and to clearing drain 87 and
discarded.

[0185] For cases in which a horizontal transfer command
is output from sequential readout control means 81, the
charge transfer storage portion 854 and horizontal transfer
portion 85b into which said command has been input cease
said vertical transferring and transfer the 1 horizontal line
signal charges transferred to horizontal transfer portion 85b
toward sequential-readout portion 86 in a horizontal direc-
tion. Then, these signal charges are converted to electric
image signals by sequential-readout portion 86 and read out.

[0186] Gate control means 82 inputs a binning processing
conditions setting signal from readout conditions setting
device 83, and in accordance with said input binning pro-
cessing conditions, outputs to first gate 88a and second gate
88b signal carrying out control of the opening and closing
thereof.

[0187] That is to say, for cases in which vertical binning
processing is performed on an image signal, by closing first
gate 88a when a vertical-transfer command has been output
from sequential readout control means 81, the image signal
transferred from charge transfer storage portion 85a to
horizontal transfer portion 85b, and the 1 line portion signal
charges transferred vertically toward clearing drain 87 can-
not pass through second gate 886 and are sequentially
multiplied and stored in horizontal transfer portion 85b.

[0188] On the other hand, for cases in which horizontal
binning processing is performed on an image signal, by
closing second gate 885 when a horizontal-transfer com-
mand has been output from sequential readout control means
81, the 1 line portion signal charges transferred horizontally
toward sequential-readout portion 86 cannot pass through
first gate 88a and are sequentially multiplied and stored in
horizontal transfer portion 85b.

[0189] Next, the operation of the fifth embodiment will be
explained.
[0190] Readout conditions setting device 83 outputs read-

out conditions setting signal to zooming optical system 585,
sequential readout control means 81 and gate control means
82. As shown in FIG. 21, by these readout conditions,
binning processing conditions are set so that readout zone
80y formed of % or less of the total number of light-
receiving pixels of light-receiving zone 80« is set, and a 2
vertical pixelx2 horizontal pixel binning processing is per-
formed on a circular fluorescent image Zk focused on said
readout zone 80y.

[0191] More specifically, sequential readout control
means 81, into which the setting signal output from readout
conditions setting device 83 for setting readout zone 80y has
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been input, recognizes and records the position of all the
light-receiving pixels contained within said readout zone
80y. Zooming optical system 55, into which the setting
signal output from readout conditions setting device 83 for
setting the zooming rate has been input, sets the zooming
rate so that the circular fluorescent image Zk formed on
output face 22b of the image fiber is assembled as a circular
fluorescent image Zk within light-receiving zone 80a. Gate
control means 82 and sequential readout control means 81,
into which the setting signal output from readout conditions
setting device 83 for setting the binning processing have
been input, recognize and record that a 2 vertical pixelx2
horizontal pixel binning processing is to be performed on the
signal charge transferred by charge transfer portion 835.

[0192] Note that as shown in FIG. 21, readout zone 80y is
set so that it is formed by light-receiving pixels contained in
rows Ri-Rj and columns Cp-Cq within light-receiving zone
80q, which is formed of nxm number of individual pixels
arranged in rows R1-Rn and columns C1-Cm.

[0193] Hereinafter, taking the position of the light-receiv-
ing pixels of light-receiving zone 80a, which are arranged as
a matrix, as the standard, when referring to each signal
charge the corresponding position of aforementioned each
light receiving pixel will be referred to: for example, the
signal charge of row Ry, or the signal charge of column Cx,
ete.

[0194] As described above, signal charge readout process-
ing is initiated when each readout condition has been set by
the setting signals from readout conditions setting device 83.
Note that in the initial state of said initiated reading out, first
gate 88a and second gate 88b are open: in the state in which
signal charges can pass therethrough.

[0195] When readout of the signal charge is initiated, first,
the signal charge stored on the nxm number of individual
pixels, from which light-receiving zone 80a is formed, is
transferred to charge transfer storage portion 854, which can
store the entire signal charge stored on nxm number of
individual pixels as such en mass (frame transfer) as a 1
screen portion (a 1 frame portion) (refer to FIG. 22).

[0196] The 1 screen portion signal charge transferred to
and stored in charge transfer storage portion 834 is vertically
transferred 1 horizontal line at a time upon issuance of a
vertical transfer command from sequential readout control
means 8§1.

[0197] Whether or not the signal charge stored on the
light-receiving pixels within readout zone 80y is contained
in these 1 horizontal line image signals is remembered by
sequential readout control means 81, and because the signal
charge due to light received within readout zone 80y is not
contained in the signal charge of the first 1 horizontal line R1
of non-readout zone 80%, the signal charge from this first 1
horizontal line is vertically transferred again from horizontal
transfer portion 85b to clearing drain 87 and discarded.

[0198] Also, because the photoelectrically converted sig-
nal charge of light received in readout zone 80y is not
contained in the signal charge of each of rows R1-Ri of
non-readout zone 80/, in the same way as described above,
each 1 horizontal line of these signal charges is transferred
to and discarded in clearing drain 87.

[0199] Then, when the 1 horizontal line signal charges of
rows Ri-R1 that have been transferred to horizontal transfer
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portion 85b are transferred to clearing drain 87 and dis-
carded, the signal charge of row Ri is transferred to hori-
zontal transfer portion 83b. Because the signal charge of this
1 horizontal line, row Ri, contains a readout signal charge
photoelectrically converted by pixels contained within read-
out zone 80y, said readout signal charge is subjected to
binning processing in the vertical transfer direction (refer to
FIG. 23).

[0200] That is to say, gate control means 82 outputs a
control signal and second gate 88b closes, the 1 horizontal
line signal charge of row Ri transferred to horizontal 8
transfer portion 85b remains at horizontal transfer portion
85b, and the next 1 line horizontal signal charge, Ri+1, is
vertically transterred, multiplied and stored (refer to FIG.

24).

[0201] Next, upon issuance of a horizontal transfer com-
mand from sequential readout control means 81, said two 1
horizontal line signal charges stored within horizontal trans-
fer portion 85b are transferred toward sequential-readout
portion 86 in the horizontal direction, however, at this point,
first gate 884 is closed by gate control means 82, and the
signal charge of columns C1 and C2 stored within horizontal
transfer portion 85b is multiplied and stored (refer to FIG.
25). When multiplication of the signal charges is complete,
first gate 88a opens, and the signal charge contained on said
rows Ri and Ri+1 as well as columns C1 and C2, which have
been subjected to 2x2 binning processing, are output to
sequential-readout portion 86.

[0202] Because the signal charge subjected to binning
processing contained on rows Ri and Ri+l as well as
columns C1 and C2 does not contain a signal charge
photoelectrically converted by pixels contained within read-
out zone 80y (because it is a signal charge of non-readout
zone 8077), these residual signal charges are read out as null
by sequential-readout portion 86 and no subsequent pro-
cessing is performed.

[0203] Afterward, first gate 88a is again closed, and next
the signal charge of columns C3 and C4 within horizontal
transfer portion 855 is multiplied, and subjected to binning
processing in the same way as described above.

[0204] In this way, the signal charges stored within hori-
zontal transfer portion 85 on columns C1-Cq are subjected
2 at a time to binning processing in a horizontal direction,
however, because these signal charges within columns
C1-Cp-1 are signal charges of the non-readout zone 804,
said signal charges are read out as null by sequential-readout
portion 86 and no subsequent processing is performed, and
the signal charge of columns Cp-Cq are read out as readout
signal charges by sequential-readout portion 86, after which
said signal charges are output to visible-image signal pro-
cessing circuit 34a, converted to display signals and dis-
played on display 400.

[0205] In this way, upon completion of reading out of the
signal charge stored on rows C1-Cq of horizontal transfer
portion 85b, because the signal portion of the remaining
rows Cq+1-Cm are signal charges of the non-readout zone
80/, second gate 88b opens, a vertical transfer command is
output from sequential readout control means 81, and as
shown in FIG. 26, the signal charges remaining in the 1
horizontal line portion of horizontal transfer portion 85b are
grouped together, transferred to clearing drain 87 and dis-
carded, and horizontal transfer portion 835b is cleared.
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[0206] When readout of the signal charges of rows Ri-Rj
of readout zone 80y is completed in this way, because the
signal charges of the next row Rj+1 through the last row Rn
are signal charges of non-readout zone 80/, in the same way
as the processing performed on the signal charges of rows
R1-Ri-1, said signal charges of rows Rj+1-Rn are discarded
into clearing drain 87.

[0207] In addition, aforementioned binning processing is
not limited to a 2 vertical pixelx2 horizontal pixel binning
processing; the effect of further reducing the dark noise is
obtained by performing any binning processing grouping.

[0208] Further, if the time required for reading out the
signal charge of 1 pixel is already set uniformly at, for
example, Y60 seconds, the portion of readout time saved by
use of the clearing drain, the readout frequency used when
reading out, as an image signal, the readout signal charge of
readout zone 80y can be set low and readout can be
performed slowly, and the readout noise can be further
reduced.

[0209] Still further, if the readout zone in which fluores-
cent image Zk is assembled is set close to the readout port
of the photographing element, because the charge stored in
the readout zone can be read out even faster, and the dark
noise can be further reduced.

[0210] Further still, when the signal charge stored on the
light-receiving pixels of the non-readout zone are readout as
null by sequential-readout portion 86, if the standard clock
frequency for controlling the timing of the charge transfer
operation is made faster and readout is carried out at high
speed, because the time required for reading out al frame
portion can be further shortened, an effect by which the dark
noise mixed with the readout signal charge stored on the
light-receiving pixels of the readout zone is further reduced
can be obtained.

[0211] Also, as shown in FIG. 28, with the clearing drain
and second gate excluded from the photographing element,
as shown in FIG. 27, the signal charge stored on the
light-receiving pixels within the non-readout zone, which is
formed of zones G1 and G2, can be readout as null by
sequential-readout portion 86. Note that even for cases in
which second gate 88b has been excluded, because the
signal charge vertically transferred from charge transfer
storage portion 85a can be multiplied and stored in hori-
zontal transfer portion 85b, by control of binning processing
in the horizontal direction by first gate 884, binning pro-
cessing in the horizontal as well as the vertical direction can
be performed.

[0212] In addition, for reading out the signal charge of the
readout-zone, it is not necessary that binning processing be
performed and the signal charge read out, the signal charge
of 1 light-receiving pixel can be read out in the normal way
as a 1 pixel portion signal charge.

[0213] Further, readout of the signal charge stored on the
light-receiving pixels of the non-readout zone as null can be
carried out by any method, if said signal charge is not treated
as a readout signal charge.

[0214] FIG. 29 is a schematic drawing showing a part of
a fluorescent image photographing unit, contained within a
fluorescent endoscope apparatus implementing a photo-
graphing apparatus for carrying out the photographing
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method according to the sixth embodiment of the present
invention, and structures in common with those of the fifth
embodiment are labeled with the same reference numerals.
The photographing apparatus utilized in the sixth embodi-
ment is provided with an MOS type photographing element
capable reading out, in a random manner, the signal charge
stored on each pixel.

[0215] As shown in FIG. 29, the fluorescent endoscope of
the sixth embodiment comprises an image fiber 22, a pho-
tographing element 90 capable of reading out, in a random
manner, the signal charge stored on each pixel, a zooming
optical system 55, for focusing fluorescent image Zk trans-
ferred to output face 22b of the image cable on photograph-
ing element 90 (assembled as the light image of the subject),
and a readout conditions setting device 93 for setting the
zooming rate of zooming optical system 55, as well as the
readout zone, and a random readout control means 91, into
which the setting signal output from readout conditions
setting device 93 representing the readout zone is input, for
controlling read out of the signal charge stored on the
light-receiving pixels within the readout zone as well as read
out of the signal charge stored on the light-receiving pixels
contained within the non-readout zone outside of the readout
zone, and in which the sequential readout control means and
the gate control means of the fifth embodiment have been
excluded. The other structures are the same as those of the
fifth embodiment.

[0216] Zooming optical system 55 focuses the fluorescent
image Zk transferred to output face 22b of the image fiber
in the readout zone 90y, which is formed of ¥: or less of the
light-receiving pixels of light-receiving zone 90a.

[0217] As shown in FIG. 30, photographing element 90
comprises a photoelectric conversion portion 94 for photo-
electrically converting the light received at each light-
receiving pixel within the light-receiving zone to a signal
charge and storing said signal charge, a pixel selection
portion 95 formed of a row decoder 954 and a column
decoder 95b for selecting, in a random manner, pixels from
among the light-receiving pixels, and a random readout
portion 96 for converting the signal charge of the randomly
selected light-receiving pixels to an electric image signal
and reading out said electric image signal.

[0218] Next, the operation of the sixth embodiment will be
explained.
[0219] Zooming optical system 55 and random readout

control means 91, into which setting signal output from
readout conditions setting device 93 for setting the readout
conditions have been input, set the readout zone 90y accord-
ing to said readout conditions, assemble fluorescent image
Zk in said readout zone, and set the binning processing
conditions so that a 2 vertical pixelx2 horizontal binning
processing is performed.

[0220] More specifically, random readout control means
91, into which the setting signal output from readout con-
ditions setting device 93 for setting the readout zone has
been input, as shown in FIG. 31, sets the readout zone 90y,
which is formed of % or less of the total number of
light-receiving pixels of light-receiving zone 90q, within
said light-receiving zone 90a. On the other hand, zooming
optical means 55, into which the setting signal for setting the
zooming rate has been input, sets the zooming rate so as to
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position the fluorescent image Zk to be readout within said
readout zone 90y, and the fluorescent image Zk formed on
output face 22b of the image fiber is assembled. At this
point, for cases in which the image to be read out is 1 portion
of the fluorescent image Zk, it doesn’t matter if the fluores-
cent be assembled so that it protrudes out of readout zone
90y.

[0221] Next, random readout control means 91 outputs a
control signal to pixel selecting portion 95 so that an address
of 2 vertical pixelx2horizontal pixel of the light-receiving
pixels from within aforementioned set readout zone 90y is
specified, and outputs a control signal to read out the signal
charge to random readout portion 96. Pixel selecting means
95, into which said control signal has been input, sets the
readout signal charge stored on the light-receiving pixels of
the 2 vertical pixelx2 horizontal pixel address, within read-
out zone 90y, specified by pixel selecting means 95 so as to
be in a state wherein readout thereof is possible.

[0222] Here, as shown in FIG. 32, in order to set the signal
charge of the 4 light-receiving pixels of the 2 vertical
pixelx2 horizontal pixel address so as to be in a state
wherein readout thereof is possible, row decoder 954 and
column decoder 95bal are in normally in a state in which 1
is set in the lowest position (LSB) of the specified address,
and the light-receiving pixels of the 2 verticalx2 horizontal
pixel address are specified from the upper address.

[0223] Random readout portion 96 multiplies (that is,
performs binning processing on) the readout signal charge of
the 4 light-receiving pixels set so as to be in a state in which
readout thereof is possible, is converted to signal charge
representing 1 pixel and read out.

[0224] In this way, 2 vertical pixelx2 horizontal pixel
light-receiving pixels within readout zone 90y are consecu-
tively selected by random readout control means 91, and by
converting the readout signal charge of each 2 vertical
pixelx2 horizontal pixel light-receiving pixels to an image
signal representing a 1 pixel portion and reading out said 1
pixel portion image signal, readout of the signal charge of
the light-receiving pixels of readout zone 90y is completed.

[0225] The signal readout in the manner described above
is output from photographing element 90, and is converted
to a visible-image signal by visible-image signal processing
circuit 34a and displayed as a visible image on a display.

[0226] For cases in which the next 1 screen portion is
readout from photographing element 90, the residual signal
charge stored on the light-receiving pixels of non-readout
zone 907 (refer to FIG. 33) and the signal charge stored on
the light-receiving pixels of the readout zone after readout of
the readout signal charge are grouped together and read out
from random readout portion 96 and discarded (cleared),
after which, in the same way as described above, readout of
the readout signal charge from the readout zone is initiated.

[0227] That is to say, a group together and readout control
signal is output from random readout control means 91, and
when said control signal is input to pixel selecting portion
95, the entire signal charge stored on the light-receiving
pixels of light-receiving zone 90a is set so as to be in a state
wherein readout thereof is possible. Here, in order to set the
signal charge contained on all of the light-receiving pixels in
a state wherein readout thereof is possible, as shown in FIG.
34, the addresses of row decoder 954 and column decoder
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95b are all set so that from the highest position (MSB) to the
lowest position (LSB), all are put in a state of 1.

[0228] Random readout portion 96 groups together and
reads out the signal charge of all of the light-receiving pixels
of light-receiving zone 90a, which has been set in a state
wherein read out thereof is possible, and the entire signal
charge of all of the light-receiving pixels of light-receiving
zone 90a is discarded.

[0229] In this way, because the processing time for reading
out a 1 screen portion of signal charge is shortened and
readout of the signal charge of the light-receiving pixels of
the readout zone can be completed rapidly, the quantity of
dark noise, which accumulates with the passage of time, can
be reduced, in addition to which, by grouping together and
discarding the residual signal charge stored on the light-
receiving pixels of the non-readout zone, the occurrence of
blooming, which occurs due to the continuous accumulation
of signal charge on the light-receiving pixels, can be pre-
vented.

[0230] Note that aforementioned binning processing is not
limited to a 2 verticalx2 horizontal pixel binning processing,
and the effect by which the readout noise is further reduced
can be obtained by use of any binning processing grouping.
Further, it is not necessary to perform binning processing
when performing the readout described above.

[0231] In addition, it is not necessary that the residual
signal charge stored on the light-receiving pixels of non-
readout zone and the signal charge stored on the light-
receiving pixels of the readout zone after readout of the
readout signal charge be grouped together and read out.
Although the readout time is lengthened, as shown in FIG.
35, pluralities of pixels grouped together in blocks Al, A2,
A3, ... C2, C3, and cach said block may be read out, or
alternatively, the signal charge may be read out 1 pixel at a
time (pixel by pixel).

[0232] Further, according to the fifth and sixth embodi-
ments described above, the fluorescent image focused on the
output face of the image fiber was the subject of photo-
graphing, however, it is also to implement the present
invention for cases in which the image of the subject is
assembled directly on the photographing element, not via an
image fiber, and photographed by an electron endoscope. In
addition, the subject of photographing is not limited to
images formed by fluorescent light, reflected-light images
formed of the light reflected from a subject illuminated with
normal light can also be the subject of photographing: For
example, it is possible to apply the present invention for use
with an infrared camera, etc., for photographing the light
image of a body in a dark place illuminated with a faint light
as an image with a high S/N ratio. Further, the optical means
for focusing the fluorescent image is not required to be a
zooming optical means, the fluorescent image may be
assembled by an optical means having a fixed magnification.

What is claimed is:

1. A photographing method in which fluorescent light
emitted by a living-tissue subject that has been illuminated
by stimulating light enters an image fiber and is guided
toward the output face of said image fiber, and the fluores-
cent image formed at the output face of the image fiber is
focused on the light-receiving zone of a photographing
element and photographed by said photographing element,
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wherein the relationship between the number of pixels Nf
forming the fluorescent image on the output face of the
image fiber and the number of pixels Nd receiving the
light of the fluorescent image assembled within the
light-receiving zone of the photographing element sat-
isfy the condition expressed by the formula: Nfx4>Nd.

2. A photographing method as defined in claim 1, wherein

a front-exposure type photographing element is employed
as said photographing element, and at normal tempera-
ture or lower, the fluorescent image is photographed
under photographing conditions set so that the sum of
the number of electrons of readout noise produced on
each pixel within the light-receiving zone receiving the
light of a fluorescent image and the number of electrons
of dark noise is 10 or less.

3. A photographing method as defined in claim 1 or 2,

wherein

a rear-exposure type photographing element is employed
as said photographing element, and at normal tempera-
ture or lower, the fluorescent image is photographed
under photographing conditions set so that the sum of
the number of electrons of readout noise produced on
cach pixel within the light-receiving zone receiving the
light of a fluorescent image and the number of electrons
of dark noise is 20 or less.

4. A photographing method as defined in claim 1 or 2,

wherein

said fluorescent image is focused such that the number of
the light-receiving zone receiving the light of the
fluorescent image is 40,000 or less, and said fluorescent
image is photographed.

5. A photographing method as defined in claim 3, wherein

said fluorescent image is focused such that the number of
the light-receiving zone receiving the light of the
fluorescent image is 40,000 or less, and said fluorescent
image is photographed.
6. A photographing method as defined in claim 1 or 2,
wherein

the size of the fluorescent image focused on the light-
receiving zone of the photographing element is
changed corresponding to the quantity of light of said
fluorescent image received at said photographing ele-
ment.

7. A photographing method as defined in claim 3, wherein

the size of the fluorescent image focused on the light-
receiving zone of the photographing element is
changed corresponding to the quantity of light of said
fluorescent image received at said photographing ele-
ment.

8. A photographing method as defined in claim 4, wherein

the size of the fluorescent image focused on the light-
receiving zone of the photographing element is
changed corresponding to the quantity of light of said
fluorescent image received at said photographing ele-
ment.

9. Aphotographing method as defined in claim 5, wherein

the size of the fluorescent image focused on the light-
receiving zone of the photographing element is
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changed corresponding to the quantity of light of said
fluorescent image received at said photographing ele-
ment.
10. A photographing method as defined in claim 1 or 2,
wherein

for cases in which said photographing element is capable
of reading out in a random manner the signal charge
stored on each pixel, a readout zone narrower than said
light-receiving zone and which contains the fluorescent
image is set within said light-receiving zone, and
readout of said readout zone is performed prior to
readout of other zones within said light-receiving zone.

11. A photographing apparatus comprising:

an optical system for directing fluorescent light emitted
from a living-tissue subject illuminated by stimulating
light into an image fiber, wherein said fluorescent light
is guided to the output face of the image fiber, an image
focusing means for focusing on the light-receiving zone
of the photographing element the fluorescent image
formed by the fluorescent light guided to the output
face of the image fiber, and a photographing means for
photographing the fluorescent image focused on the
light-receiving zone thereof, wherein

said fluorescent image is focused on said light-receiving
zone, wherein the relationship between the number of
pixels Nf forming the fluorescent image on the output
face of the image fiber and the number of pixels Nd
receiving light of the fluorescent image assembled
within the light-receiving zone of the photographing
element satisfies the condition expressed by the for-
mula: Nfx4>Nd.

12. A photographing apparatus as defined in claim 11,

wherein

said photographing element is provided as a front-expo-
sure type photographing element, in which the photo-
graphing conditions are set so that at normal tempera-
ture or lower the sum of the number of electrons of
readout noise produced on each pixel within the light-
receiving zone receiving the light of a fluorescent
image and the number of electrons of dark noise is 10
or less.

13. A photographing apparatus as defined in claim 11,

wherein

said photographing element is provided as a rear-exposure
type photographing element, in which the photograph-
ing conditions are set so that at normal temperature or
lower the sum of the number of electrons of readout
noise produced on each pixel within the light-receiving
zone receiving the light of a fluorescent image and the
number of electrons of dark noise is 20 or less.

14. A photographing apparatus as defined in claim 11, 12

or 13, wherein

the image focusing means focuses said fluorescent image
in a manner in which the number of pixels of the
light-receiving zone receiving the light of the fluores-
cent image is 40,000 or less.
15. A photographing apparatus as defined in claim 11, 12
or 13, wherein

said image focusing means is capable of changing, cor-
responding to the quantity of light of said fluorescent
image received at said photographing element, the size
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of the fluorescent image focused on the light-receiving
zone of said photographing element.
16. A photographing apparatus as defined in claim 11, 12
or 13, wherein

said photographing means is capable of reading out in a
random manner the signal charge stored on each pixel,
and sets a readout zone narrower than the light-receiv-
ing zone and which contains the fluorescent image
within the light-receiving zone, and

said photographing means is provided with a readout
control means for carrying out read out of said readout
zone prior to readout of other zones within the light-
receiving zone.
17. A photographing apparatus as defined in claim 14
wherein

said photographing means is capable of reading out in a
random manner the signal charge stored on each pixel,
and sets a readout zone narrower than the light-receiv-
ing zone and which contains the fluorescent image
within the light-receiving zone, and

said photographing means is provided with a readout
control means for carrying out read out of said readout
zone prior to readout of other zones within the light-
receiving zone.
18. A photographing apparatus as defined in claim 15
wherein

said photographing means is capable of reading out in a
random manner the signal charge stored on each pixel,
and sets a readout zone narrower than the light-receiv-
ing zone and which contains the fluorescent image
within the light-receiving zone, and

said photographing means is provided with a readout
control means for carrying out read out of said readout
zone prior to readout of other zones within the light-
receiving zone.
19. A photographing apparatus as defined in claim 15
wherein

said photographing means is capable of reading out in a
random manner the signal charge stored on each pixel,
and sets a readout zone narrower than the light-receiv-
ing zone and which contains the fluorescent image
within the light-receiving zone, and

said photographing means is provided with a readout
control means for carrying out read out of said readout
zone prior to readout of other zones within the light-
receiving zone, which is also capable of changing the
size of said readout zone.
20. A photographing apparatus as defined in claim 11, 12
or 13, wherein

said photographing element sequentially reads out the
signal charge stored on each pixel, and is structured so
that said fluorescent image is assembled at the closest
position of the readout port of said photographing
element within said light-receiving zone.
21. A photographing apparatus as defined in claim 14
wherein

said photographing element sequentially reads out the
signal charge stored on each pixel, and is structured so
that said fluorescent image is assembled at the closest
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position of the readout port of said photographing
element within said light-receiving zone.
22. A photographing apparatus as defined in claim 15
wherein

said photographing element sequentially reads out the
signal charge stored on each pixel, and is structured so
that said fluorescent image is assembled at the closest
position of the readout port of said photographing
element within said light-receiving zone.
23. A photographing apparatus as defined in claim 15
wherein

said photographing element sequentially reads out the
signal charge stored on each pixel, and

said photographing element is provided with an focusing-
position changing means capable of changing the posi-
tion at which said fluorescent image is assembled
within said light-receiving zone.

24. A photographing method in which:

employing a photographing element for sequentially
transferring and reading out the charge stored on each
light receiving pixel, a light-image of a subject is
focused on the light-receiving zone of said photograph-
ing element, and

said assembled light image is photoelectrically converted
at and stored as a signal charge on each light-receiving
pixel within said light-receiving zone, and

said stored signal charge is converted to an image signal
and read out, wherein

said light-image is focused on a readout zone formed from
less than the total number of pixels within the light-
receiving zone, and

the readout signal charge transferred to and stored on the
light-receiving pixels contained in said light-receiving
zone is read out as said image signal and the residual
signal charge transferred to and stored on the light-
receiving pixels in the non-readout zone outside the
readout zone is read out as empty.

25. A photographing method as defined in claim 24,

wherein

said sequentially transferred signal charge is subjected to
binning processing before said readout signal charge is
read out.

26. A photographing method in which:

employing a photographing element for sequentially
transferring and reading out the charge stored on each
light-receiving pixel, a light-image of a subject is
focused on the light-receiving zone of said photograph-
ing element, and

said assembled light image is photoelectrically converted
at and stored as a signal charge on each light-receiving
pixel within said light-receiving zone, and

said stored signal charge is converted to an image signal
and read out, wherein

said light-image is focused on a readout zone formed from
less than the total number of pixels within the light-
receiving zone, and
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the readout signal charge transferred to and stored on the
pixels contained in said light-receiving zone is read out
as said image signal and the residual signal charge
transferred to and stored on the light-receiving pixels in
the non-readout zone outside the readout zone is dis-
carded via a clearing drain.

27. A photographing method in which:

employing a photographing element capable of reading
out in a random manner the charge stored on each pixel,
a light-image of a subject is focused on the light-
receiving zone of said photographing element, and

said assembled light image is photoelectrically converted
at and stored as a signal charge on each light-receiving
pixel within said light-receiving zone, and

said stored signal charge is converted to an image signal
and read out, wherein

said light-image is focused on a readout zone formed from
less than the total number of pixels within the light-
receiving zone, and

the readout signal charge transferred to and stored on the
pixels contained in said light-receiving zone is read out
as said image signal and the residual signal charge
transferred to and stored on the light-receiving pixels in
the non-readout zone outside the readout zone or said
residual signal charge grouped together with the signal
charge stored on the light-received pixels contained in
said light-receiving zone after said readout signal
charge has been read out are read out as empty for each
block or one pixel at a time.

28. A photographing apparatus comprising a photograph-
ing element, an image focusing means for focusing a light-
image of a subject within the light-receiving zone of said
photographing element, said photographing element com-
prising a photoelectric conversion portion for photoelectri-
cally converting at each light-receiving pixel within said
light-receiving zone the light received thereon to a signal
charge and storing said signal charge on each of said pixels,
a charge transfer portion for sequentially transferring the
signal charge stored on each of said light-receiving pixels,
and a readout portion for converting said sequentially trans-
ferred signal charge to an electric image signal and reading
out said image signal, wherein

said light-image is focused on a readout zone formed from
less than the total number of pixels within the light-
receiving zone, and

further comprising a sequential-readout control means for
controlling the reading out, by the sequential-readout
portion, of the readout signal charge stored on the
light-receiving pixels of said readout zone as an image
signal and the reading out, by said sequential-readout
portion, as empty of the residual signal charge stored on
the light-receiving pixels of the non-readout zone out-
side said readout zone.

29. A photographing apparatus as defined in claim 28,

further comprising

a gate provided between said charge conversion portion
and said sequential-readout portion for controlling pas-
sage of the signal charge from said charge conversion
portion to said sequential-readout portion, and a gate
control means for controlling said gate so as to facili-
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tate the subjecting of said readout signal charge to
binning processing before said readout signal charge is
transferred by said charge conversion portion and read
out by said sequential-readout portion.

30. A photographing apparatus comprising a photograph-
ing element, an image focusing means for focusing a light-
image of a subject within the light-receiving zone of said
photographing element, said photographing element com-
prising a photoelectric conversion portion for photoelectri-
cally converting at each light-receiving pixel within said
light-receiving zone the light received thereon to a signal
charge and storing said signal charge on each of said
light-receiving pixels, a charge transfer portion for sequen-
tially transferring the signal charge stored on each of said
light-receiving pixels, and a readout portion for converting
said sequentially transferred signal charge to an electric
image signal and reading out said image signal, wherein

said light-image is focused on a readout zone formed from
less than the total number of pixels within the light-
receiving zone, and

further comprising a clearing drain for discarding the
signal charge sequentially transferred by said charge
converting portion, and a sequential-readout control
means for controlling the reading out, by said sequen-
tial-readout portion, of the readout signal charge stored
on the light-receiving pixels of said readout zone, and
the discarding of the residual signal charge stored on
the light-receiving pixels of the non-readout zone out-
side the readout zone into said clearing drain.

31. A photographing apparatus as defined in claim 30,

further comprising

a first gate provided between said charge transfer portion
and said sequential-readout portion for controlling pas-
sage of the signal charge from said charge transfer
portion to the sequential-readout portion, a second gate
provided between said charge transfer portion and said
clearing drain for controlling passage of the signal
charge from the charge transfer portion to the clearing
drain, and a gate control means for controlling gate 1
and gate 2 so as to facilitate the subjecting of said
readout signal charge to binning processing before said
readout signal charge is transferred by said charge
conversion portion and read out by said sequential-
readout portion.

32. A photographing apparatus comprising a photograph-
ing element, an image focusing means for focusing a light-
image of a subject within the light-receiving zone of said
photographing element, said photographing element com-
prising a photoelectric conversion portion for photoelectri-
cally converting at each light-receiving pixel within said
light-receiving zone the light received thereon to a signal
charge and storing said signal charge on each of said
light-receiving pixels, a pixel selecting means capable of
randomly selecting pixels from among said light-receiving
pixels, and a random readout portion for converting the
signal charge of said selected light-receiving pixels to an
electric image signal and reading out said image signal in a
random manner, wherein

said light-image is focused on a readout zone formed from
less than the total number of pixels within the light-
receiving zone, and
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a random-readout control means for controlling said pixel
selecting portion and said random readout portion so
that the light-receiving pixels of said readout zone are
selected by said pixel selecting means, and after the
readout signal charge stored on said selected light-
receiving pixels is read out by said random readout
portion, the residual signal charge stored on the light-
receiving pixels contained in the non-readout zone
outside the readout zone, or said residual signal charge
grouped together with the signal charge stored on the
light-receiving pixels contained in said readout zone
after readout of the readout signal charge are read out
from said random readout portion as empty for each
block or one pixel at a time.

33. A photographing apparatus as defined in claim 32,
wherein

said readout signal charge is subjected to binning pro-
cessing so that a plurality of light-receiving pixels
within said readout zone is simultaneously selected by
said pixel selecting means, and the multiplied signal
charge of each readout signal charge stored on said
plurality of selected light-receiving pixels is converted
to an electric image signal and read out by said random
reading portion.

34. A photographing apparatus as defined in claim 26, 27,
28, 29, 30, 31, 32 or 33, wherein

said image focusing means is provided with a zooming
optical system, and by use of said zooming optical
system is capable of changing the size of the light
image assembled within the light-receiving zone.

35. A photographing apparatus as defined in claim 34,
wherein the readout frequency of said photographing ele-
ment changes in correspondence to the zooming rate of the
zooming optical system.

36. A fluorescent endoscope implementing the photo-
graphing apparatus as defined in claim 28, 29, 30, 31, 32 or
33.

37. A fluorescent endoscope implementing the photo-
graphing apparatus as defined in claim 34.

38. A fluorescent endoscope implementing the photo-
graphing apparatus as defined in claim 35.

39. A photographing method as defined in claim 1 or 2,
wherein the photographing element is a charge-amplifier
type photographing element for amplifying the charge by
impact ionization.

40. A photographing method as defined in claim 24, 25,
26, 27 or 28, wherein the photographing element is a
charge-amplifier type photographing element for amplifying
the charge by impact ionization.

41. A photographing apparatus as defined in claim 11, 12
or 13, wherein the photographing element is a charge-
amplifier type photographing element for amplifying the
charge by impact ionization.

42. A photographing apparatus as defined in claim 29, 30,
31, 32 or 33, wherein the photographing element is a
charge-amplifier type photographing element for amplifying
the charge by impact ionization.
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