
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

34
6 

36
8

A
1

TEPZZ¥¥46¥68A_T
(11) EP 3 346 368 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
11.07.2018 Bulletin 2018/28

(21) Application number: 16841280.7

(22) Date of filing: 07.07.2016

(51) Int Cl.:
G06F 3/01 (2006.01) A61B 1/04 (2006.01)

G06F 3/0346 (2013.01) G06F 3/038 (2013.01)

G06F 3/16 (2006.01)

(86) International application number: 
PCT/JP2016/070073

(87) International publication number: 
WO 2017/038248 (09.03.2017 Gazette 2017/10)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA MD

(30) Priority: 04.09.2015 JP 2015174575

(71) Applicant: FUJIFILM Corporation
Tokyo 106-8620 (JP)

(72) Inventors:  
• OKABE Yuuki

Tokyo 107-0052 (JP)
• IKUTA Mayuko

Tokyo 107-0052 (JP)

(74) Representative: Klunker IP 
Patentanwälte PartG mbB
Destouchesstraße 68
80796 München (DE)

(54) INSTRUMENT OPERATION DEVICE, INSTRUMENT OPERATION METHOD, AND ELECTRONIC 
INSTRUMENT SYSTEM

(57) The present invention provides an apparatus
operation device, an apparatus operation method, and
an electronic apparatus system that enable a user to eas-
ily perform an operation even if both hands are occupied
and that enable an operation intended by the user to be
appropriately detected and performed. An apparatus op-
eration device of the present invention includes a
line-of-sight detecting unit (42) that detects a line of sight
of a user, a neck-mounted terminal (33) that is mounted
around a neck of the user and detects a motion of the
neck of the user, a determining unit (44) that determines,
based on the line of sight that has been detected and the
motion of the neck that has been detected, at least one
of an electronic apparatus (20) as a target apparatus to
be operated or operation details, and an apparatus con-
trol unit (46) that controls the electronic apparatus as the
target apparatus in accordance with the determination.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an apparatus
operation device, an apparatus operation method, and
an electronic apparatus system, and particularly relates
to a technique for operating an apparatus by using a line
of sight and a motion of the neck of a user.

2. Description of the Related Art

[0002] Various types of apparatuses are typically op-
erated by a user with his/her hand or foot. However, de-
pending on a type or usage situation of an apparatus,
restrictions may be imposed on a user’s action or the
arrangement of the apparatus or an operation device.
For example, in an operation of a mobile apparatus, such
as a smartphone or game machine, driving of a car, or
an operation of a medical apparatus, a user may be un-
able to freely use both hands. As for a medical apparatus,
the user may need to peel off/put on gloves or wash hands
before/after operating the apparatus. That is, in operation
techniques using a hand or foot, it may be difficult to
smoothly perform an operation.
[0003] As operation techniques not using a hand or
foot, operation techniques using a line of sight and a ges-
ture are known (see, for example, JP2014-126997A,
JP2000-163196A, JP2001-100903A, and
JP2007-195892A).
[0004] JP2014-126997A and JP2000-163196A de-
scribe that a point of gaze of a user is detected based on
a captured image of the head of the user, a predeter-
mined action of the head (for example, a nod action of
shaking the head vertically) is detected based on the cap-
tured image of the head of the user, and an operation
corresponding to the point of gaze of the user is decided
on upon the predetermined action of the head being de-
tected.
[0005] JP2001-100903A describes that an action of a
hand of a user is detected based on a captured image
of the hand of the user, and a process of moving a cursor
to a line-of-sight position is started (turn on a cursor fol-
lowing mode) if one finger is raised, whereas the process
of moving the cursor to the line-of-sight position is fin-
ished (turn off the cursor following mode) if no finger is
raised but a fist is made.
[0006] JP2007-195892A describes that a line-of-sight
position is calculated based on an image captured by a
camera of a unit that can be mounted on the head of a
user (line-of-sight position input unit) and a focus position
is moved to the line-of-sight position. JP2007-195892A
also describes that a magnetic sensor for detecting a
position and an angle of the head of the user is used.
[0007] In addition, an operation technique using a
voice input is known. JP2001-299691A describes that, if

a user presses a foot switch and inputs a name (for ex-
ample, "decrease light intensity") of an icon (for example,
a "decrease light intensity" icon) by voice while gazing at
the icon displayed on a display unit for a predetermined
period of time or more, the operation of the user is decided
on and an action corresponding to the icon is performed.
The voice input is performed by using a pin microphone
that is attached to clothes or a head microphone that is
mounted on the head.

SUMMARY OF THE INVENTION

[0008] However, there has not been provided an op-
eration technique that enables a user to easily perform
an operation even if both hands are occupied and that
enables an operation intended by the user to be appro-
priately detected and performed.
[0009] In the techniques described in
JP2014-126997A and JP2000-163196A, an operation
determined based on detection of a line of sight is decided
on upon a predetermined action of the head of a user
being detected, and thus the effect of avoiding a mal-
function can be more expected than in the case of only
performing determination based on detection of a line of
sight. However, since an action of the head of the user
is recognized based on an image that is obtained by pho-
tographing the head, it is difficult for the apparatus to
appropriately determine whether the motion of the head
results from a motion of neck muscles according to the
user’s intention or results from an unconscious motion
of the body. If it is assumed that a determination process
is modified to a determination process in which a small
motion or a simple motion performed by a user is ignored
by the apparatus and in which only a large motion (for
example, a motion of tilting the head by 45 degrees or
more) or a complicated motion performed by the user is
regarded as effective, the user is forced to perform a
large motion or a complicated motion. Accordingly, it is
impossible to perform a smooth operation although a
malfunction can be avoided. In addition, the user will get
tired.
[0010] Also in the techniques described in
JP2001-100903A, JP2007-195892A, and
JP2001-299691A, it is not possible to achieve both an
easy operation under a situation where both hands of a
user are occupied and appropriate detection and execu-
tion of an operation intended by the user.
[0011] On the other hand, under circumstances where
there is an issue of medical errors, recording of conver-
sation between medical doctors may be considered to
determine the propriety of surgery. However, music is
played during surgery in a surgery room and a plurality
of people is involved in the surgery. Thus, in the voice
input according to JP2001-299691, ambient music and
voice are recorded, and it is not possible to accurately
record the situation of the surgery.
[0012] The present invention has been made in view
of the above-described circumstances, and an object of
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the present invention is to provide an apparatus operation
device, an apparatus operation method, and an electron-
ic apparatus system that enable a user to easily perform
an operation even if both hands are occupied and that
enable an operation intended by the user to be appropri-
ately detected and performed.
[0013] To achieve the above-described object, an ap-
paratus operation device according to a first aspect of
the present invention includes a line-of-sight detecting
unit that detects a line of sight of a user; a neck-mounted
terminal that is mounted around a neck of the user and
detects a motion of the neck of the user; a determining
unit that determines, based on the line of sight that has
been detected and the motion of the neck that has been
detected, at least one of a target apparatus to be operated
or operation details for the target apparatus; and a control
unit that controls the target apparatus in accordance with
the determination by the determining unit.
[0014] According to this aspect, an operation can be
easily performed even if both hands of a user are occu-
pied, and an operation intended by the user can be ap-
propriately detected and performed.
[0015] In an apparatus operation device according to
a second aspect of the present invention, the determining
unit determines, based on the line of sight that has been
detected, at least one of the target apparatus or the op-
eration details, and confirms the determination, based
on the motion of the neck that has been detected.
[0016] In an apparatus operation device according to
a third aspect of the present invention, the line-of-sight
detecting unit detects a movement of the line of sight,
and the determining unit determines, based on the move-
ment of the line of sight that has been detected, at least
one of the target apparatus or the operation details.
[0017] In an apparatus operation device according to
a fourth aspect of the present invention, the operation
details include a function that the control unit causes the
target apparatus to execute, and an execution condition
for the function.
[0018] In an apparatus operation device according to
a fifth aspect of the present invention, the apparatus op-
eration device includes a voice recognizing unit that rec-
ognizes a voice of the user by using a vibration of a throat
of the user, the vibration being detected by the neck-
mounted terminal.
[0019] In an apparatus operation device according to
a sixth aspect of the present invention, the apparatus
operation device includes a voice recording unit that
records the voice that has been recognized.
[0020] In an apparatus operation device according to
a seventh aspect of the present invention, the line-of-
sight detecting unit suspends detection of the line of sight
upon detection of the motion of the neck being started
by the neck-mounted terminal, and starts the detection
of the line of sight upon the detection of the motion of the
neck being finished by the neck-mounted terminal.
[0021] In an apparatus operation device according to
an eighth aspect of the present invention, the determining

unit invalidates detection of the line of sight if the motion
of the neck that has been detected is larger than a thresh-
old.
[0022] To achieve the above-described object, an ap-
paratus operation method according to the present in-
vention is an apparatus operation method for an appa-
ratus operation device including a line-of-sight detecting
unit that detects a line of sight of a user and a neck-
mounted terminal that is mounted around a neck of the
user and detects a motion of the neck of the user, the
apparatus operation method including a determination
step of determining, based on the line of sight that has
been detected and the motion of the neck that has been
detected, at least one of a target apparatus to be operated
or operation details for the target apparatus; and a control
step of controlling the target apparatus in accordance
with the determination in the determination step.
[0023] To achieve the above-described object, an
electronic apparatus system according to the present in-
vention includes the apparatus operation device and an
electronic apparatus which is the target apparatus.
[0024] The electronic apparatus is a medical appara-
tus, for example.
[0025] According to the present invention, an operation
can be easily performed even if both hands of a user are
occupied, and an operation intended by the user can be
appropriately detected and performed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

Fig. 1 is a diagram illustrating the overall configura-
tion of an example of an electronic apparatus system
according to a first embodiment;
Fig. 2 is a block diagram illustrating an example of
an apparatus operation device according to the first
embodiment;
Fig. 3 is a diagram illustrating an example of screen
information for designating a target apparatus to be
operated;
Figs. 4A and 4B are diagrams illustrating examples
of screen information for designating operation de-
tails;
Figs. 5A to 5C are explanatory diagrams for describ-
ing detection of a motion of a neck;
Fig. 6 is a flowchart illustrating a flow of a process
of a first example of an apparatus operation method
using the apparatus operation device according to
the first embodiment;
Fig. 7 is an explanatory diagram for describing de-
tection of a line of sight in the apparatus operation
device according to the first embodiment;
Fig. 8 is a flowchart illustrating a flow of a process
of a second example of the apparatus operation
method using the apparatus operation device ac-
cording to the first embodiment;
Fig. 9 is a flowchart illustrating a flow of a process
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of a third example of the apparatus operation method
using the apparatus operation device according to
the first embodiment;
Fig. 10 is a block diagram illustrating an example of
an apparatus operation device according to a second
embodiment;
Fig. 11 is an explanatory diagram for describing a
visual field image and images of eyes that are cap-
tured by a head-mounted terminal in the apparatus
operation device according to the second embodi-
ment;
Figs. 12A to 12C are explanatory diagrams for de-
scribing an example of detection of a line of sight
and determination of an operation in the apparatus
operation device according to the second embodi-
ment;
Fig. 13 is a diagram illustrating the overall configu-
ration of an example of an electronic apparatus sys-
tem in a case where an endoscope apparatus is used
as an electronic apparatus;
Fig. 14 is a block diagram illustrating the configura-
tion of the electronic apparatus system illustrated in
Fig. 13; and
Fig. 15 is a diagram illustrating a state of observation
using the endoscope apparatus.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0027] Hereinafter, embodiments of an apparatus op-
eration device, an apparatus operation method, and an
electronic apparatus system according to the present in-
vention will be described with reference to the attached
drawings.

First Embodiment

[0028] Fig. 1 is a diagram illustrating the overall con-
figuration of an example of an electronic apparatus sys-
tem according to a first embodiment of the present in-
vention, and Fig. 2 is a block diagram illustrating an ex-
ample of an apparatus operation device according to the
first embodiment of the present invention.
[0029] As illustrated in Fig. 1, an electronic apparatus
system 10 includes electronic apparatuses 20, each of
which is a target apparatus to be operated, and an ap-
paratus operation device 30 that controls the electronic
apparatuses 20.
[0030] The apparatus operation device 30 includes a
display unit 31 (also referred to as a "display") that per-
forms display for a user, a line-of-sight detecting camera
32 that captures an image of the face of the user to detect
a line of sight of the user, a neck-mounted terminal 33
that is mounted around the neck of the user and detects
a motion of the neck of the user, and an arithmetic unit
34 that serves as a main body unit, which controls the
display unit 31, the line-of-sight detecting camera 32, and
the neck-mounted terminal 33, and that performs various

arithmetic operations.
[0031] The display unit 31 is constituted by a display
device, such as a liquid crystal display device.
[0032] The line-of-sight detecting camera 32 is located
near the display unit 31, captures an image of at least an
eye of the user to generate an image (hereinafter referred
to as a "user image") including the image of the eye, and
outputs the generated image. In the case of extracting
only the portion of an eye in the face of the user, the
extraction may be performed by using a function of the
line-of-sight detecting camera 32, or a function of the
extraction may be provided in the arithmetic unit 34. To
detect a line of sight reliably and stably, a plurality of line-
of-sight detecting cameras 32 may be provided.
[0033] The neck-mounted terminal 33 is a terminal that
is to be mounted around the neck of the user and in-
cludes, as illustrated in Fig. 1, a neck motion sensor 52
that detects a motion of the neck of the user and a vibra-
tion sensor 54 that detects a vibration of the throat of the
user on the neck.
[0034] As the neck motion sensor 52, a sensor device,
such as a myoelectric sensor that detects a motion of a
neck muscle, a distortion sensor, or an acceleration sen-
sor, is used. A sensor device other than these sensors
may be used. As "a motion of the neck", any of a motion
of a neck muscle, a motion of a neck bone, or a motion
of a neck surface (i.e., a motion of a neck skin) may be
detected by the neck motion sensor 52. A plurality of
types of sensor devices may be used to perform detec-
tion.
[0035] As the vibration sensor 54, an acceleration sen-
sor that detects a vibration of a neck bone is used, for
example. Another type of sensor may be used.
[0036] A single sensor device may be implemented as
the neck motion sensor 52 and the vibration sensor 54,
and the single sensor device may be caused to detect a
motion of the neck and a vibration of the throat. For ex-
ample, a single acceleration sensor is implemented as
the neck motion sensor 52 and the vibration sensor 54,
a low-frequency component is extracted from an output
signal of the acceleration sensor to generate a signal
representing a motion of the neck, and a high-frequency
component is extracted from the output signal to gener-
ate a signal representing a vibration of the throat.
[0037] As illustrated in Fig. 2, the arithmetic unit 34
includes a communication unit 38 that communicates
with the plurality of electronic apparatuses 20, a storage
unit 39 that stores a program for controlling the operation
of the electronic apparatuses 20 and information that is
necessary to execute the program, and a central
processing unit (CPU) 40 that controls the individual units
of the apparatus operation device 30 by executing the
program stored in the storage unit 39.
[0038] The communication unit 38 is constituted by a
communication device that communicates with the elec-
tronic apparatuses 20. Fig. 1 illustrates a case where the
communication unit 38 communicates with the electronic
apparatuses 20 in a wireless manner, but the communi-
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cation unit 38 may communicate with the electronic ap-
paratuses 20 in a wired manner through a local area net-
work or the like. In addition, the communication unit 38
may communicate with a device outside the arithmetic
unit 34 (for example, a database 22), which is not illus-
trated in Fig. 1, through a local area network or the like.
[0039] The storage unit 39 includes a nonvolatile stor-
age device that stores programs and the like and a read-
able/writable storage device that is used as a working
area of the programs.
[0040] The CPU 40 includes, as illustrated in Fig. 2, a
display control unit 41 that performs display control for
the display unit 31; a line-of-sight detecting unit 42 that
detects, based on a user image output from the line-of-
sight detecting camera 32, a line of sight of a user; an
action recognizing unit 43 that recognizes, based on a
motion of the neck of the user that has been detected by
the neck motion sensor 52 of the neck-mounted terminal
33, an action of the head of the user; a determining unit
44 that determines, based on the line of sight detected
by the line-of-sight detecting unit 42 and the action of the
head of the user that has been recognized based on the
motion of the neck of the user, at least one of a target
apparatus to be operated or operation details for the tar-
get apparatus; a voice recognizing unit 45 that recogniz-
es a voice of the user by using a vibration of the throat
of the user detected at the neck of the user by the vibration
sensor 54 of the neck-mounted terminal 33; and an ap-
paratus control unit 46 that controls the electronic appa-
ratuses 20 in accordance with the determination made
by the determining unit 44.
[0041] The display control unit 41 has a function of
causing the display unit 31 to display screen information
that is necessary for a user operation.
[0042] As illustrated in Fig. 3, the display control unit
41 causes the display unit 31 to display screen informa-
tion (hereinafter referred to as "target apparatus desig-
nation screen information") that allows a user to desig-
nate, by a line-of-sight input, an icon (for example, an
icon E11) representing a target apparatus to be operated
(for example, "electronic apparatus A") among a plurality
of icons E11 and E12 respectively representing the plu-
rality of electronic apparatuses 20 (for example, "elec-
tronic apparatus A" and "electronic apparatus B").
[0043] Also, as illustrated in Fig. 4A, the display control
unit 41 causes the display unit 31 to display screen in-
formation (hereinafter referred to as "function designa-
tion screen information") that allows a user to designate,
by a line-of-sight input, an icon (for example, an icon E21)
representing a function to be executed by a target appa-
ratus to be operated (for example, "function 1") among
a plurality of icons E21, E22, and E23 respectively rep-
resenting a plurality of functions (for example, "function
1", "function 2", and "function 3").
[0044] Also, as illustrated in Fig. 4B, the display control
unit 41 causes the display unit 31 to display screen in-
formation (hereinafter referred to as "execution condition
designation screen information") that allows a user to

designate, by a line-of-sight input, an icon (for example,
an icon E31) representing an execution condition for a
function to be executed by a target apparatus to be op-
erated among a plurality of icons E31, E32, and E33 re-
spectively representing a plurality of execution conditions
(for example, "execution condition 1", "execution condi-
tion 2", and "execution condition 3").
[0045] "Function designation screen information" and
"execution condition designation screen information" are
examples of screen information that allows a user to des-
ignate, by a line-of-sight input, icons representing oper-
ation details (hereinafter referred to as "operation details
designation screen information"). That is, "operation de-
tails" in this example include "function" and "execution
condition".
[0046] Next, line-of-sight detection performed by the
line-of-sight detecting unit 42 will be described.
[0047] A line of sight (point of gaze) can be detected
from an image of an eye of the user, based on the position
of the iris, which is a movable point (a portion that moves
relative to a reference point), relative to the inner corner
of the eye, which is a reference point. For example, in a
case where the iris of the left eye is far from the inner
corner of the left eye, the user is looking left. On the other
hand, in a case where the iris of the left eye is close to
the inner corner of the left eye, the user is looking right.
[0048] A line of sight can also be detected based on
the position of the pupil, which is a movable point, relative
to the position of the corneal reflection, which is a refer-
ence point. For example, in a case where the pupil of the
left eye is closer than the corneal reflection to the outer
corner side of the left eye, the user is looking left. In a
case where the pupil of the left eye is closer than the
corneal reflection to the inner corner side of the left eye,
the user is looking right. In the case of using this method,
the face of the user is irradiated with infrared rays and
photographed by an infrared camera.
[0049] The line-of-sight detecting unit 42 of this exam-
ple detects a movement of a line of sight (i.e., continu-
ously detects a line of sight), and the determining unit 44
of this example determines, based on the movement of
the line of sight that has been detected, a target appara-
tus to be operated and operation details for the target
apparatus. The determining unit 44 may determine,
based on the movement of the line of sight that has been
detected, at least one of a target apparatus to be operated
or operation details.
[0050] Next, a specific example of action recognition
by the action recognizing unit 43 will be described.
[0051] Examples of an action that is recognized by the
action recognizing unit 43 include "head tilt" (an action
of tilting the head) illustrated in Fig. 5A, "nod" (an action
of shaking the head vertically) illustrated in Fig. 5B, and
"head shake" (an action of shaking the head horizontally)
illustrated in Fig. 5C. That is, in response to an instruction
from the brain of the user who intends to perform an ac-
tion, such as "head tilt", "nod", or "head shake", muscles
of the neck are moved and accordingly the head is
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moved. Action recognition is performed by directly de-
tecting "a motion of the neck" by the neck motion sensor
52 of the neck-mounted terminal 33, not by detecting "a
motion of the head", which is a result of a motion of the
neck. Therefore, the action recognizing unit 43 is capable
of appropriately recognizing an action intended by the
user.
[0052] The determining unit 44 determines, based on
the line of sight detected by the line-of-sight detecting
unit 42, at least one of a target apparatus to be operated
or operation details, and confirms the determination,
based on the motion of the neck detected by the neck-
motion sensor 52 of the neck-mounted terminal 33. The
determining unit 44 of this example makes a determina-
tion based on an action recognized by the action recog-
nizing unit 43 by using a detection result obtained by the
neck motion sensor 52. Such a case is also included in
the concept of "to make a determination based on a mo-
tion of the neck" or "to confirm the determination based
on a motion of the neck" in the present invention.
[0053] The voice recognizing unit 45 recognizes a
voice of the user, based on a vibration of the throat of
the user detected at the neck of the user by the vibration
sensor 54 of the neck-mounted terminal 33.
[0054] The apparatus control unit 46 is an example of
a "control unit" according to the present invention and
controls, in accordance with a determination made by
the determining unit 44, an electronic apparatus 20 which
is a target apparatus to be operated.
[0055] For example, if the determining unit 44 deter-
mines that "electronic apparatus A" has been designated
from the target apparatus designation screen information
illustrated in Fig. 3, determines that "function 1" has been
designated from the function designation screen infor-
mation illustrated in Fig. 4A, and determines that "exe-
cution condition 1" has been designated from the execu-
tion condition designation screen information illustrated
in Fig. 4B, the communication unit 38 transmits an in-
struction to execute function 1 under execution condition
1 to electronic apparatus A which is a target apparatus
to be operated.
[0056] Fig. 6 is a flowchart illustrating a flow of a proc-
ess of a first example of an apparatus operation method
using the apparatus operation device 30 of this embod-
iment. The process is executed by the CPU 40 in accord-
ance with a program stored in advance in the storage
unit 39.
[0057] Upon the process being started, in step S102,
the display control unit 41 causes the display unit 31 to
display the target apparatus designation screen informa-
tion, as illustrated in Fig. 3.
[0058] Subsequently, the process proceeds to step
S104, where the line-of-sight detecting unit 42 detects a
line of sight of a user. For example, if the line of sight of
the user is directed on the screen of the display unit 31,
as illustrated in Fig. 7, a position at which the line of sight
of the user is directed (a line-of-sight position) on the
screen of the display unit 31 is calculated based on an

image (user image) captured by the line-of-sight detect-
ing camera 32.
[0059] Subsequently, the process proceeds to step
S108, where the determining unit 44 determines, based
on the line of sight detected in step S104, a target appa-
ratus to be operated that has been designated by the
user by using the line of sight.
[0060] Subsequently, the process proceeds to step
S112, where the neck motion sensor 52 of the neck-
mounted terminal 33 detects a motion of the neck of the
user and the action recognizing unit 43 recognizes an
action of the user.
[0061] Subsequently, the process proceeds to step
S114, where the determining unit 44 determines whether
or not the user has performed an action of a confirmation
operation (for example, "nod" illustrated in Fig. 5B).
[0062] If it is determined that a confirmation operation
has not been performed (NO in step S114), the process
proceeds to step S116, where the determining unit 44
determines whether or not the user has performed an
action of a cancellation operation (for example, "head
shake" illustrated in Fig. 5C). If it is determined that a
cancellation operation has been performed (YES in step
S116), the determination result about the target appara-
tus to be operated that is based on the line-of-sight de-
tection result is cleared, and the process returns to step
S102. If it is determined that a cancellation operation has
not been performed (NO in step S116), the process re-
turns to step S112, where detection of a motion of the
neck (step S112) and determination of a confirmation
operation (step S114) are repeated.
[0063] If it is determined that a confirmation operation
has been performed (YES in step S114), the process
proceeds to step S122, where the display control unit 41
causes the display unit 31 to display the operation details
designation screen information, as illustrated in Figs. 4A
and 4B. For example, the "function designation screen
information" illustrated in Fig. 4A, the "execution condi-
tion designation screen information" illustrated in Fig. 4B,
or screen information including both the pieces of screen
information is displayed as the operation details desig-
nation screen information.
[0064] Subsequently, the process proceeds to step
S124, where the line-of-sight detecting unit 42 detects a
line of sight of the user. That is, the line-of-sight detecting
unit 42 calculates, based on an image (user image) cap-
tured by the line-of-sight detecting camera 32, a position
at which the line of sight of the user is directed (line-of-
sight position) on the screen of the display unit 31.
[0065] Subsequently, the process proceeds to step
S128, where the determining unit 44 determines, based
on the line of sight detected in step S124, operation de-
tails designated by the user by using the line of sight.
That is, the determining unit 44 determines operation de-
tails for the electronic apparatus 20 as a target to be
operated.
[0066] Subsequently, the process proceeds to step
S132, where the neck motion sensor 52 of the neck-
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mounted terminal 33 detects a motion of the neck of the
user and the action recognizing unit 43 recognizes an
action of the user.
[0067] Subsequently, the process proceeds to step
S134, where the determining unit 44 determines whether
or not the user has performed an action of a confirmation
operation (for example, "nod" illustrated in Fig. 5B).
[0068] If it is determined that a confirmation operation
has not been performed (NO in step S134), the process
proceeds to step S136, where the determining unit 44
determines whether or not the user has performed an
action of a cancellation operation (for example, "head
shake" illustrated in Fig. 5C). If it is determined that a
cancellation operation has been performed (YES in step
S136), the determination result about the operation de-
tails that is based on the line-of-sight detection result is
cleared, and the process returns to step S122. If it is
determined that a cancellation operation has not been
performed (NO in step S136), the process returns to step
S132, where detection of a motion of the neck (step S132)
and determination of a confirmation operation (step
S134) are repeated.
[0069] If it is determined that a confirmation operation
has been performed (YES in step S134), the process
proceeds to step S138, where the designated function
of the designated target apparatus to be operated is ex-
ecuted in accordance with the designated operation de-
tails.
[0070] Subsequently, the process proceeds to step
S142, where it is determined whether or not to continue
an operation of the same electronic apparatus 20 among
the plurality of electronic apparatuses 20. In the case of
continuing an operation of the same electronic apparatus
20 (YES in step S142), the process returns to step S122.
In step S144, it is determined whether or not to start an
operation of another electronic apparatus 20. In the case
of starting an operation of another electronic apparatus
20 (YES in step S144), the process returns to step S102.
[0071] In the case of finishing the operation of the same
and another electronic apparatus 20 (NO in step S144),
the process proceeds to step S150, where voice process-
ing is executed to generate and output a report.
[0072] The details of the voice processing in step S150
will be described. First, the vibration sensor 54 of the
neck-mounted terminal 33 detects a vibration of the
throat at the neck of the user. Subsequently, the voice
recognizing unit 45 recognizes, based on the detected
vibration of the throat of the user, a voice of the user.
Subsequently, the recognized voice is recorded. That is,
only the voice of the person who is wearing the neck-
mounted terminal 33 can be easily recorded, without am-
bient music or sound being recorded.
[0073] Modes of recording a voice include a mode of
performing recording inside the arithmetic unit 34, which
is a main body unit of the apparatus operation device 30
(hereinafter referred to as an "inside recording mode"),
and a mode of performing recording outside the arithme-
tic unit 34, which is a main body unit of the apparatus

operation device 30 (hereinafter referred to as an "out-
side recording mode"), either of which may be used in
the present invention. In the inside recording mode, voice
data is recorded in, for example, the storage unit 39 under
control of the CPU 40. In this example, the storage unit
39 is an example of a "voice recording unit". In the outside
recording mode, voice data is output from the communi-
cation unit 38 (an example of a "voice data output unit")
and is recorded in, for example, the database 22. In this
example, the database 22 is an example of the "voice
recording unit". For example, the voice data is written on
a file and is transmitted to the database 22 through a
local area network.
[0074] Although voice processing (step S150) is per-
formed after the operation of the apparatus has been
finished in Fig. 6, the present invention is not limited to
such a case. Voices during the operation of the apparatus
can be input, recognized, and recorded. For example,
instructions and conversations of medical doctors and
so forth during surgery can be recorded as voice data,
which can be used as evidence if a medical accident
occurs or can be used to pass on medical technologies.
[0075] After a report has been generated and output
in the voice processing (step S150), the process ends.
[0076] In Fig. 6, steps S108, S114, S116, S128, S134,
and S136 are an example of a "determination step" in
the present invention. Step S138 is an example of a "con-
trol step" in the present invention.
[0077] In Fig. 6, line-of-sight detection by the line-of-
sight detecting unit 42 and motion-of-neck detection by
the neck-mounted terminal 33 are performed at different
timings, but the line-of-sight detection and the motion-of-
neck detection may be performed chronologically in par-
allel. In addition, each of the line-of-sight detection and
the motion-of-neck detection may be performed contin-
uously. In a case where such parallel control is per-
formed, there is a possibility that the line-of-sight detec-
tion and the motion-of-neck detection are simultaneously
performed. However, the line-of-sight detecting unit 42
in this example suspends detection of a line of sight upon
detection of a motion of the neck being started by the
neck-mounted terminal 33, and starts detection of a line
of sight upon detection of a motion of the neck being
finished by the neck-mounted terminal 33. For example,
the line-of-sight detecting unit 42 suspends detection of
a line of sight when detection of a motion of the neck is
started in step S112 or step S132 in Fig. 6, and restarts
detection of a line of sight when detection of a motion of
the neck is finished.
[0078] Fig. 8 is a flowchart illustrating a flow of a proc-
ess of a second example of the apparatus operation
method using the apparatus operation device 30 of this
embodiment. This process is executed by the CPU 40 in
accordance with a program stored in advance in the stor-
age unit 39. The same steps as those in the first example
of this embodiment illustrated in Fig. 6 are denoted by
the same numerals, and only different points will be de-
scribed below.
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[0079] In this example, line-of-sight detection and mo-
tion-of-neck detection (step S104A and step S124A) are
performed instead of the line-of-sight detection (step
S104 and step S124) illustrated in Fig. 6. After the line-
of-sight detection and the motion-of-neck detection (step
S104A and step S124A), the motion of the neck detected
by the neck-mounted terminal 33 is compared with a
threshold (step S106 and step S126). If the detected mo-
tion of the neck is larger than the threshold, the line-of-
sight detection is invalidated.
[0080] That is, in this example, line-of-sight detection
in a state where the neck of the user is stationary or slight-
ly moving is validated, whereas line-of-sight detection in
a state where the neck of the user is largely moving is
invalidated. This is because, in a state where the neck
of the user is largely moving, the head of the user is also
largely moving, and as a result there is a possibility that
the line of sight of the user will largely move in an uncon-
scious way and that a determination not intended by the
user will be made.
[0081] Here, examples of "a case where the detected
motion of the neck is larger than the threshold" include
a case where the amount of the detected motion of the
neck (i.e., the magnitude of a movement vector) is larger
than the threshold, a case where an evaluation value
representing a fluctuation of the direction of the detected
motion of the neck (i.e., the direction of a movement vec-
tor) is larger than the threshold, and so forth. That is,
examples of the magnitude of the motion of the neck of
the user that affects the accuracy of line-of-sight detec-
tion include the magnitude of fluctuation of the direction
of a movement vector, as well as the magnitude of the
movement vector. In other words, the "detected motion
of the neck" conceptually includes an evaluation value
of a movement vector as well as the magnitude of the
movement vector.
[0082] Fig. 9 is a flowchart illustrating a flow of a proc-
ess of a third example of the apparatus operation method
using the apparatus operation device 30 of this embod-
iment. This process is executed by the CPU 40 in ac-
cordance with a program stored in advance in the storage
unit 39. The same steps as those in the first example of
this embodiment illustrated in Fig. 6 and those in the sec-
ond example of this embodiment illustrated in Fig. 8 are
denoted by the same numerals, and only different points
will be described below.
[0083] In this example, line-of-sight detection and mo-
tion-of-neck detection (step S112A and step S132A) are
performed instead of the motion-of-neck detection (step
S 112 and step S132) illustrated in Figs. 6 and 8. Based
on the results of the line-of-sight detection and the mo-
tion-of-neck detection (step S112A and step S132A), it
is determined whether or not a confirmation operation
has been performed (step S114 and step S134) and
whether or not a cancellation operation has been per-
formed (step S116 and step S136).
[0084] That is, in this example, it is determined based
on not only a result of motion-of-neck detection but also

a result of line-of-sight detection whether or not to confirm
the determination of a target apparatus to be operated
and operation details and whether or not to cancel the
determination of the target apparatus to be performed
and the operation details. This is because, if a determi-
nation of whether or not the user has performed a con-
firmation operation or a cancellation operation is made
based on only a motion of the neck, a wrong determina-
tion that the user has performed a confirmation operation
or a cancellation operation may be made if the user
moves the neck in an unconscious way. As a method for
avoiding such a wrong determination, a method for
changing a determination criterion value, such as in-
creasing a threshold to be compared with a detected mo-
tion of the neck, may be used. However, if the user is
forced to make a larger motion of the neck, that is, to
make a forced action, to avoid a wrong determination,
the user is unable to perform a smooth operation, which
may make the user tired. Thus, a determination is made
by using a characteristic that, if the user moves the neck
while gazing at a graphical user interface (GUI) element
(for example, a button) on the screen of the display unit
31, a line-of-sight position on the screen of the display
unit 31 is substantially constant or within a range of slight
movements regardless of a motion of the neck.
[0085] For example, in the case of determining whether
or not the user has performed a confirmation operation
by determining whether or not the user has performed a
vertical head shake (nod), when the user shakes the head
downward (or upward), the user’s pupils move upward
(or downward), so that it is detected that the magnitude
of a movement vector of the neck becomes larger than
a threshold for determining a motion of the neck, whereas
it is detected that an amount of movement of a line-of-
sight position on the screen becomes smaller than or
equal to a threshold for determining a line-of-sight move-
ment. In the case of determining whether or not the user
has performed a cancellation operation by determining
whether or not the user has performed a horizontal head
shake, when the user shakes the head leftward (or right-
ward), the user’s pupils move rightward (or leftward), so
that it is detected that the magnitude of a movement vec-
tor of the neck becomes larger than a threshold for de-
termining a motion of the neck, whereas it is detected
that an amount of movement of a line-of-sight position
on the screen becomes smaller than or equal to a thresh-
old for determining a line-of-sight movement.

Second Embodiment

[0086] Fig. 10 is a block diagram illustrating an exam-
ple of an apparatus operation device 30 according to a
second embodiment. In Fig. 10, the same elements as
those in the apparatus operation device 30 of the first
embodiment illustrated in Fig. 2 arc denoted by the same
numerals, and only different points will be described be-
low.
[0087] A head-mounted terminal 60 is a terminal that
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is to be mounted on the head of a user, as illustrated in
Fig. 11, and includes a visual field camera 61 that cap-
tures an image of a photographic subject in a visual field
of an eye of the user and obtains a visual field image,
and a line-of-sight detecting camera 62 that captures an
image of an eye of the user and obtains the image of the
eye. The visual field camera 61 is located so as to be
positioned near the left eye and/or the right eye when the
head-mounted terminal 60 is mounted on the head of the
user. In this example, visual field cameras 61 are located
near the left eye and near the right eye, respectively, to
obtain a stereo image that is made up of a visual field
image of the left eye and a visual field image of the right
eye, so that a relative three-dimensional positional rela-
tionship between each of the user’s left eye and right eye
and the display unit 31 can be calculated. The line-of-
sight detecting camera 62 is located so that each of the
left eye and the right eye becomes an imaging target
when the head-mounted terminal 60 is mounted on the
head of the user. A plurality of line-of-sight detecting cam-
eras 62 (for example, two line-of-sight detecting camer-
as: a line-of-sight detecting camera for capturing an im-
age of the left eye and a line-of-sight detecting camera
for capturing an image of the right eye) may be provided
to detect a line of sight reliably and stably.
[0088] An apparatus operation method using the ap-
paratus operation device 30 of this embodiment can be
executed almost similarly to the process described above
by using Fig. 6 in the first embodiment. In the second
embodiment, in line-of-sight detection by the line-of-sight
detecting unit 42 (step S104 in Fig. 6), a line-of-sight po-
sition of the user is calculated based on visual field im-
ages obtained by the visual field cameras 61 of the head-
mounted terminal 60 and images of the eyes obtained
by the line-of-sight detecting cameras 62 of the head-
mounted terminal 60.
[0089] The head-mounted terminal 60 of this example
continues to transmit visual field images obtained by the
visual field cameras 61 and images of the eyes obtained
by the line-of-sight detecting cameras 62 to the arithmetic
unit 34, which is a main body unit. For example, the head-
mounted terminal 60 transmits the visual filed images
and the images of the eyes as still images at a regular
or irregular time interval. The head-mounted terminal 60
may transmit the visual filed images and the images of
the eyes as motion pictures at a regular frame rate.
[0090] The line-of-sight detecting unit 42 of the arith-
metic unit 34 calculates, based on visual field images (in
this example, both a visual field image of the left eye and
a visual field image of the right eye), a relative positional
relationship between the eyes of the user and the screen
of the display unit 31. In addition, the line-of-sight detect-
ing unit 42 of the arithmetic unit 34 calculates, based on
images of the eyes (in this example, both an image of
the left eye and an image of the right eye), a relative
positional relationship between a reference point and a
movable point of the eyes (a portion that moves relative
to the reference point). In a case where the line-of-sight

detecting camera 62 captures an image by using visible
light, for example, the inner corner and/or the outer corner
of an eye is regarded as a reference point and the iris is
regarded as a movable point. In a case where the line-
of-sight detecting camera 62 captures an image by using
infrared light, for example, the corneal reflection point is
regarded as a reference point and the pupil is regarded
as a movable point.
[0091] Subsequently, the line-of-sight detecting unit 42
of the arithmetic unit 34 calculates, based on the calcu-
lated relative positional relationship between the eyes
and the screen of the display unit 31 and the calculated
positional relationship between the reference points and
the movable points of the eyes, coordinates indicating a
position at which the user is looking in a visual field image
(a line-of-sight position in the visual field image). That is,
the visual field image and the line-of-sight position are
associated with each other.
[0092] As illustrated in Fig. 12A, in a case where the
horizontal direction of a visual field image is an X direction
and the vertical direction is a Y direction, a line-of-sight
position is represented as a range of a small circle having
a certain radius and centered around the (x, y) coordi-
nates. That is, as illustrated in Fig. 12B, it can be deter-
mined that the line of sight of the user is directed at a
GUI element existing at a portion centered around the
(x, y) coordinates in the visual field image (in the figure,
the element E21 among three elements: the elements
E21 to E23). As illustrated in Fig. 12C, if the user shakes
the head vertically while gazing at the GUI element, a
motion of the neck is detected by the neck motion sensor
52 of the neck-mounted terminal 33 and a vertical shake
of the head (also referred to as "nod") of the user is rec-
ognized by the action recognizing unit 43. Accordingly,
an operation corresponding to the element E21 that the
user has gazed at is decided on.
[0093] According to this embodiment, line-of-sight de-
tection is performed by using a so-called glasses-like
head-mounted terminal 60. Thus, a line-of-sight position
of a user can be accurately detected regardless of the
orientation of the face or body of the user. That is, the
user can naturally cast the eyes. Even if an angle of the
head (the orientation of the face) of the user changes,
line-of-sight detection can be accurately performed re-
gardless of the change in the angle of the head.

Example of Application to Medical System

[0094] Fig. 13 is an external view illustrating an elec-
tronic apparatus system (an endoscope system 10) in
the case of using an endoscope apparatus 100 as each
of the electronic apparatuses 20 illustrated in Fig. 1.

Configuration of Endoscope Main Body

[0095] An endoscope main body 110 includes a hand-
held operation section 102 and an insertion section 104
that is connected to the handheld operation section 102.
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An operator operates the handheld operation section 102
while grasping handheld operation section 102 and in-
serts the insertion section 104 into a body of a subject to
perform observation. The insertion section 104 is consti-
tuted by a flexible portion 112, a bending portion 114,
and a distal end portion 116, which are arranged in this
order from the handheld operation section 102 side. The
distal end portion 116 is provided with an imaging optical
system 130 (see Fig. 14), an illumination unit 123, a water
supply nozzle 124, a forceps port 126, and so forth.
[0096] At the time of observation or treatment, an op-
eration of an operation unit 208 (see Fig. 14) enables
either or both of visible light and infrared light to be emitted
from illumination lenses 123A and 123B of the illumina-
tion unit 123. In addition, an operation of the operation
unit 208 enables washing water to be ejected from the
water supply nozzle 124, so that a lens 132 of the imaging
optical system 130 and the illumination lenses 123A and
123B can be washed. The forceps port 126 allows a treat-
ment tool, which is used to extirpate or remove a tumor
and which is not illustrated, to be inserted therethrough,
and accordingly necessary treatment can be given to a
subject by moving the treatment tool forward or backward
as appropriate.
[0097] As illustrated in Fig. 14, the lens 132 of the im-
aging optical system 130 is disposed on a distal end sur-
face of the distal end portion 116. An imaging device 134
of a complementary metal-oxide semiconductor (CMOS)
type, a driving circuit 136, and an analog front end (AFE)
138 are disposed behind the lens 132, so as to output
an image signal. In this embodiment, a description will
be given of a case where the imaging device 134 is a
CMOS type imaging device, but the imaging device 134
may be of a charge coupled device (CCD) type.
[0098] An observation image that has been taken
through the lens 132 and so forth is formed on a light
reception surface of the imaging device 134, converted
into an electric signal, output to an endoscope processor
200 through a signal cable that is not illustrated, and con-
verted into a video signal. Accordingly, the observation
image is displayed on a monitor 400, which is connected
to the endoscope processor 200.

Display of Observation Image

[0099] Fig. 15 is a diagram illustrating a state where
the insertion section 104 of the endoscope apparatus
100 is inserted into a subject, and illustrating a state
where an observation image is obtained via the imaging
optical system 130. In Fig. 15, a reference symbol IA
denotes an imaging range and a reference symbol tm
denotes a tumor (a black raised portion in Fig. 15).
[0100] As illustrated in Figs. 13 to 15, the illumination
lens 123A (for visible light) and the illumination lens 123B
(for infrared light) of the illumination unit 123 are disposed
next to the lens 132 on the distal end surface of the distal
end portion 116. An emission end of a light guide 170,
which will be described below, is disposed behind the

illumination lenses 123A and 123B. The light guide 170
is inserted through the insertion section 104, the hand-
held operation section 102, and a universal cable 106,
and an incidence end of the light guide 170 is located in
a light guide connector 108.

Configuration of Light Source Device

[0101] As illustrated in Fig. 14, a light source device
300 is constituted by a light source 310, a diaphragm
330, a condenser lens 340, and so forth, and causes
illumination light to enter the light guide 170. The light
source 310 includes a visible light source 310A and an
infrared light source 310B and is capable of emitting one
or both of visible light and infrared light. Accordingly, with
the light guide connector 108 (see Fig. 13) being con-
nected to the light source device 300, illumination light
emitted by the light source device 300 is transmitted to
the illumination lenses 123A and 123B through the light
guide 170 and is applied to an observation range from
the illumination lenses 123A and 123B.

Configuration of Endoscope Processor

[0102] Next, the configuration of the endoscope proc-
essor 200 will be described with reference to Fig. 14. In
the endoscope processor 200, an image input controller
202 receives an image signal output from the endoscope
apparatus 100, an image processing unit 204 performs
necessary image processing thereon, and a video output
unit 206 outputs a resulting image signal. Accordingly,
an observation image is displayed on the monitor 400.
These processes are performed under control of a central
processing unit (CPU) 210. The image processing unit
204 performs, in addition to image processing such as
white balance adjustment, switching or superimposition
of an image displayed on the monitor 400, electronic
zoom processing, display and switching of an image ac-
cording to an operation mode, or extraction of a specific
component (for example, a brightness signal) from an
image signal.
[0103] The endoscope processor 200 includes the op-
eration unit 208. The operation unit 208 includes an op-
eration mode setting/selecting switch, a water supply in-
struction button, or the like (not illustrated), and is capable
of performing an operation of emitting visible light or in-
frared light.

Others

[0104] A description has been given of a case where
the target apparatus to be operated is the endoscope
apparatus 100, which is a medical apparatus, with refer-
ence to Fig. 13. However, the target apparatus to be op-
erated in the present invention is not necessarily a med-
ical apparatus. The embodiments are applicable to an
operation of a mobile apparatus, such as a smartphone,
a tablet terminal, or a game machine, as well as a medical
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apparatus, and to an operation of an apparatus under a
situation where it is impossible to freely use both hands
while operating an apparatus, for example, driving a car,
or a situation where the arrangement of an apparatus is
restricted. The target apparatus to be operated is not
limited to a single apparatus. One of a plurality of appa-
ratuses may be selected by using a line of sight and a
motion of the neck. In the present invention, a gesture
may be performed by moving only the neck without mov-
ing the head, depending on the target apparatus to be
operated, the usage situation of the apparatus, the type
or importance of an operation, or the like. A user as a
target of line-of-sight detection and a user as a target of
gesture detection may be different from each other.
[0105] Obviously, the present invention is not limited
to the above-described embodiments, and various
changes can be made without deviating from the gist of
the present invention.

Reference Signs List

[0106]

10 electronic apparatus system
20 electronic apparatus
22 database (an example of a voice recording unit)
30 apparatus operation device
31 display unit
32 line-of-sight detecting camera
33 neck-mounted terminal
34 arithmetic unit
38 communication unit
39 storage unit (an example of a voice recording unit)
40 CPU
41 display control unit
42 line-of-sight detecting unit
43 action recognizing unit
44 determining unit
45 voice recognizing unit
46 apparatus control unit
52 neck motion sensor
54 vibration sensor
60 head-mounted terminal
61 visual field camera
62 line-of-sight detecting camera

Claims

1. An apparatus operation device comprising:

a line-of-sight detecting unit that detects a line
of sight of a user;
a neck-mounted terminal that is mounted
around a neck of the user and detects a motion
of the neck of the user;
a determining unit that determines, based on the
line of sight that has been detected and the mo-

tion of the neck that has been detected, at least
one of a target apparatus to be operated or op-
eration details for the target apparatus; and
a control unit that controls the target apparatus
in accordance with the determination by the de-
termining unit.

2. The apparatus operation device according to claim
1, wherein the determining unit
determines, based on the line of sight that has been
detected, at least one of the target apparatus or the
operation details, and
confirms the determination, based on the motion of
the neck that has been detected.

3. The apparatus operation device according to claim
1 or 2, wherein
the line-of-sight detecting unit detects a movement
of the line of sight, and
the determining unit determines, based on the move-
ment of the line of sight that has been detected, at
least one of the target apparatus or the operation
details.

4. The apparatus operation device according to any
one of claims 1 to 3, wherein the operation details
include a function that the control unit causes the
target apparatus to execute, and an execution con-
dition for the function.

5. The apparatus operation device according to any
one of claims 1 to 4, comprising:
a voice recognizing unit that recognizes a voice of
the user by using a vibration of a throat of the user,
the vibration being detected by the neck-mounted
terminal.

6. The apparatus operation device according to claim
5, comprising:
a voice recording unit that records the voice that has
been recognized.

7. The apparatus operation device according to any
one of claims 1 to 6, wherein the line-of-sight detect-
ing unit suspends detection of the line of sight upon
detection of the motion of the neck being started by
the neck-mounted terminal, and starts the detection
of the line of sight upon the detection of the motion
of the neck being finished by the neck-mounted ter-
minal.

8. The apparatus operation device according to any
one of claims 1 to 7, wherein the determining unit
invalidates detection of the line of sight if the motion
of the neck that has been detected is larger than a
threshold.

9. An apparatus operation method for an apparatus op-
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eration device comprising a line-of-sight detecting
unit that detects a line of sight of a user and a neck-
mounted terminal that is mounted around a neck of
the user and detects a motion of the neck of the user,
the apparatus operation method comprising:

a determination step of determining, based on
the line of sight that has been detected and the
motion of the neck that has been detected, at
least one of a target apparatus to be operated
or operation details for the target apparatus; and
a control step of controlling the target apparatus
in accordance with the determination in the de-
termination step.

10. An electronic apparatus system comprising:

the apparatus operation device according to any
one of claims 1 to 8; and
an electronic apparatus which is the target ap-
paratus.

11. The electronic apparatus system according to claim
10, wherein the electronic apparatus is a medical
apparatus.
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