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(54) Implantable medical device

(57) An implantable medical device (IMD) is provid-
ed. The IMD includes a medical procedure performing
unit configured to perform a medical procedure inside a
body of a user, a code generating unit configured to de-
tect a motion state of the user, and to generate a motion
code that represents a user’s intention based on the de-
tected motion state, and a control unit configured to con-
trol the medical procedure of the medical procedure per-
forming unit based on the generated motion code.
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Description

CROSS-REFERENCE TO RELATED APPLICATION
(S)

[0001] This application claims the benefit under 35
U.S.C. §119(a) of Korean Patent Application Nos.
10-2010-0097955, filed on October 7, 2010, and
10-2011-0004263, filed on January 14, 2011, in the Ko-
rean Intellectual Property Office.

BACKGROUND

1. Field

[0002] The following description relates to an implant-
able medical device (IMD) and method of controlling the
same.

2. Description of the Related Art

[0003] An implantable medical device (IMD) may be
implanted into a human body and may operate for a med-
ical purpose.
[0004] IMD may monitor a state of primary organs such
as the heart and may control the organs to function nor-
mally.
[0005] In addition, the IMD may provide physiological/
pathological state information which may be required for
medical practice in, for example, a consulting room, an
emergency room, and heath care center.
[0006] However, it may be difficult to control or change
operation of the IMD because the IMD is implanted in a
human body.
[0007] Moreover, since the physiological/pathological
state information of a patient, which may be provided by
the IMD, is substantially private, the provision of such
state information to an improper device may result in vi-
olating the privacy of the patient.

SUMMARY

[0008] The following description relates to an implant-
able medical device (IMD) which may be controlled
based on a user’s intention, and a method of controlling
the IMD.
[0009] In addition, an IMD is provided that controls ac-
cess by an external device based on a user’s intention
and a method of controlling the access.
[0010] In one general aspect, an implantable medical
device (IMD) is provided. The IMD includes a medical
procedure performing unit configured to perform a med-
ical procedure inside a body of a user, a code generating
unit configured to detect a motion state of the user, and
to generate a motion code that represents a user’s inten-
tion based on the detected motion state, and a control
unit configured to control the medical procedure of the
medical procedure performing unit based on the gener-

ated motion code.
[0011] The medical procedure performing unit may
collect physiological/pathological state information of the
user.
[0012] The control unit may determine whether to
transmit the physiological/pathological state information
to an external device based on the motion code.
[0013] The code generating unit may detect the motion
state that includes a standstill state of the user, a moving
state of the user, a moving state of user’s pupils, a brain-
wave state of the user, or a combination thereof.
[0014] The code generating unit may include a first
sensor configured to set a reference for the motion state
of the user, and a second sensor configured to detect
the motion state which includes the standstill state of the
user, a moving state of the user, a moving state of the
user’s pupils, or a combination thereof.
[0015] The first sensor or the second sensor may be
placed outside of the user’s body to detect a motion state
of the user.
[0016] The code generating unit may comprise a sen-
sor configured to be worn on or implanted in a user’s
finger to detect the motion state of the user.
[0017] The IMD may further include an authenticating
unit configured to authenticate whether the external de-
vice which communicates with the IMD is authorized to
acquire the physiological/pathological state information
of the user.
[0018] The code generating unit generates the motion
code in response to the authenticating unit authenticating
the external device to be authorized to acquire the phys-
iological/pathological state information.
[0019] The IMD may further include a notice and alarm
generator configured to generate a signal to notify of an
access of the external device in response to the external
device attempting to access the IMD to communicate
therewith.
[0020] The notice and alarm generator may generate
a recognizable signal in the form of light, sound, vibration,
stimulus, or a combination thereof.
[0021] The user’s intention may include allowing the
performance of the medical procedure or restricting the
performance of the medical procedure.
[0022] In another general aspect, an implantable med-
ical device (IMD) is provided. The IMD includes an infor-
mation collecting unit configured to collect physiological/
pathological state information of a user, and a provision
determining unit configured to detect a motion state of
the user, and to determine whether to provide the phys-
iological/pathological state information to an external de-
vice according to a user’s intention identified based on
the detected motion state.
[0023] The provision determining unit may include a
communication module configured to transmit the phys-
iological/pathological state information to the external de-
vice, a detecting unit configured to detect a motion state
which includes a standstill state of the user, a moving
state of the user, a moving state of user’s pupils, a brain-
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wave state of the user or a combination thereof, a code
generating unit configured to generate a motion code that
represents the user’s intention for the providing of the
physiological/pathological state information based on the
detected motion state, and a control unit configured to
control the communication module based on the gener-
ated motion code.
[0024] The IMD may further include a notice and alarm
generator configured to generate a signal to notify of an
access of the external device in response to the external
device attempting to access the IMD to acquire the phys-
iological/pathological state information.
[0025] The IMD may further include an authenticating
unit configured to authenticate whether the external de-
vice that communicates with the IMD is authorized to
acquire the physiological/pathological state information.
[0026] The authenticating unit may authenticate the
external device by determining whether the external de-
vice has previously accessed or whether physiological/
pathological state information to be transmitted is the
same as the physiological/pathological state information
requested by the external device.
[0027] The provision determining unit may detect the
motion state of the user in response to the external device
being authorized to acquire the physiological/pathologi-
cal state information.
[0028] The code generating unit may compare the mo-
tion state of the user with a previously stored motion state
of the user and may generate a motion code correspond-
ing to the detected motion state.
[0029] In another general aspect, a method of control-
ling an implantable medical device (IMD) with respect to
an access of an external device is provided. The method
includes receiving a request for state information of the
IMD or physiological/pathological state information of a
user from the external device, identifying a user’s inten-
tion by detecting a motion state of the user, and deter-
mining whether to transmit the requested state informa-
tion to the external device according to the identified us-
er’s intention.
[0030] The identifying of the user’s intention may in-
clude detecting the motion state of the user which in-
cludes a standstill state of the user, a moving state of the
user, a moving state of user’s pupils, a brainwave state
of the user, or a combination thereof.
[0031] The identifying of the user’s intention may in-
clude generating a motion code that represents a user’s
intention based on the detected motion state of the user,
and identifying the user’s intention that corresponds to
the generated motion code by comparing the generated
motion code with a previously stored motion code.
[0032] The determining whether to transmit the re-
quested state information comprises providing the state
information to the external device or transmitting a refusal
response to the external device according to the identi-
fied user’s intention.
[0033] In yet another general aspect, an external de-
vice for communicating with an implantable medical de-

vice (IMD) is provided. The external device includes a
communications unit configured to access state informa-
tion stored in the IMD, and a reception unit configured to
receive the state information determined by a motion
state of the user corresponding to a user’s s intention
detected by the IMD.
[0034] The user’s intention may include allowing the
transmission of the state information or restricting the
transmission of the state information.
[0035] Other features and aspects may be apparent
from the following detailed description, the drawings, and
the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036]

FIG. 1 is a diagram illustrating an example embodi-
ment showing a concept of controlling an implantable
medical device based on user’s intention.
FIG. 2 is a diagram illustrating an example embodi-
ment of an implantable medical device (IMD).
FIG. 3 is a diagram illustrating another example em-
bodiment of the IMD.
FIG. 4 is a flowchart illustrating an example embod-
iment of a method of controlling an implantable med-
ical device (IMD) when an external device accesses
to the IMD.
FIG. 5 is a diagram illustrating another example em-
bodiment of the IMD.
FIG. 6 is a flowchart illustrating another example em-
bodiment of a method of controlling the IMD when
an external device accesses the IMD.
FIG. 7 is a diagram illustrating an example embodi-
ment of an IMD implanted in a human body.
FIGS. 8A and 8B are diagrams illustrating example
embodiments of a motion sensor of an IMD.
FIGS. 9A and 9B are diagrams illustrating example
embodiments for explaining motion codes generated
by a plurality of motion sensors of an IMD.
FIG. 10 is a flowchart illustrating an example embod-
iment of a method of controlling an IMD having a
motion sensor.
FIG. 11 is a flowchart illustrating an example embod-
iment of a method of controlling the IMD having a
motion sensor.
FIG. 12 is a diagram illustrating an example embod-
iment showing body parts of a user that allows the
recognition of a user’s intention through a motion
state of the user.
FIG. 13 is a diagram illustrating an example embod-
iment of a structure for controlling an IMD by recog-
nizing a user’s intention through the direct detection
of the brain activity.
FIG. 14 is a flowchart illustrating an example embod-
iment of a method of controlling an implantable med-
ical device (IMD) by recognizing a user’s intention
based on direct detection of brain activity.
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[0037] Throughout the drawings and the detailed de-
scription, unless otherwise described, the same drawing
reference numerals will be understood to refer to the
same elements, features, and structures. The relative
size and depiction of these elements may be exaggerat-
ed for clarity, illustration, and convenience.

DETAILED DESCRIPTION

[0038] The following description is provided to assist
the reader in gaining a comprehensive understanding of
the methods, apparatuses, and/or systems described
herein. Accordingly, various changes, modifications, and
a computer-readable medium having instructions that,
when performed by a processor, cause the processor to
perform the steps of the methods, apparatuses, and/or
systems described herein will be suggested to those of
ordinary skill in the art. Also, descriptions of well-known
functions and constructions may be omitted for increased
clarity and conciseness.
[0039] FIG. 1 illustrates a concept of controlling an im-
plantable medical device based on a user’s intention.
[0040] Referring to FIG. 1, a user may directly control
a main implantable medical device (IMD) 110 to perform
a variety of operations. For example, the user may di-
rectly control the main IMD 110 when an external device
100 makes an access to the main IMD 110 to access
state information of the IMD 110, physiological/patholog-
ical state information of the user, or other information
collected by the IMD 110.
[0041] The main IMD 110, which is to be implanted in
a body of the user, may collect physiological/pathological
information of the user, and may perform a medical pro-
cedure to control the operation of an organ while main-
taining a close connection with the organ. These are il-
lustrative functions to be provided by an IMD.
[0042] The main IMD 110 may be configured as shown
in an example embodiment illustrated in FIG. 2.
[0043] FIG. 2 illustrates an example embodiment of an
implantable medical device (IMD).
[0044] An information store (represented as "Info
Store" in FIG. 2) 201 may store state information of the
IMD 110, physiological/pathological state information of
a user, and other information collected by the IMD 110.
[0045] An information store access arbitrator (repre-
sented as "Info Store Access Arbitrator" in FIG. 2) 202
may arbitrate attempts to access the information store
201, and log details of all notable accesses of the infor-
mation store 201.
[0046] A medical sensor 203 may collect the physio-
logical/pathological state information of the user, and
may, if necessary, perform a medical procedure to control
the organ.
[0047] A main controller 204 may arbitrate and control
functional modules included in the IMD 110.
[0048] The above described configuration 201 to 204
may perform basic functions as the IMD may have.
[0049] The above configuration, as elements of the

IMD, may be represented as below.
[0050] A medical procedure performing unit (not
shown) may perform a medical procedure inside the body
of the user, and may include the medical sensor 203.
[0051] A control unit may control the medical proce-
dure of the medical procedure performing unit, and may
perform some functions of the main controller 204.
[0052] An information collecting unit may collect the
physiological/pathological state information of the user,
and may perform some functions of the medical sensor
204.
[0053] A provision determining unit (not shown) may
detect a motion state of the user, and may determine
whether to transmit the physiological/pathological state
information of the user to an external device based on
user’s desire based on the detected motion state. The
provision determining unit may perform some functions
of the main controller 204.
[0054] In addition, the IMD 110 may further include a
communication module (represented as "Comm Module"
in FIG. 2) 210, a code generating unit (hereinafter, it will
be referred to as a "code processor/pattern store") 220,
a notice and alarm generator 230, and an authenticating
unit (hereinafter, it will be referred to as a "security en-
gine") 240.
[0055] Each element will be described.
[0056] FIG. 3 illustrates another example embodiment
of the IMD. Referring to the example embodiment illus-
trated in FIG. 3, the IMD 110 may include a communica-
tion module 210, a code processor/pattern store 220, and
notice and alarm generator 230.
[0057] The IMD 110, which may be implanted in a hu-
man body to collect physiological/pathological state in-
formation of a user, to perform a medical procedure to
normalize biological activities in the user’s body and to
communicate with the external device 100 (see FIG. 1),
may include the communication module 210 for the com-
munication with the external device 100.
[0058] Referring to the example embodiment illustrat-
ed in FIG. 1, the external device 100 1) may be connected
with the communication module 210 to acquire state in-
formation of the IMD 110, 2) may access the IMD 110 to
acquire the stored physiological/pathological state infor-
mation of the user or 3) other information collected by
the IMD 110.
[0059] The code processor/pattern store 220 may gen-
erate a motion code to control the operations including
collection of the physiological/pathological state informa-
tion of the user or the medical procedure to normalize
the biological activities in the body. The motion code may
be generated based on a detected motion state of the
user who is implanted with the IMD 110.
[0060] Here, the detected motion state of the user may
include almost all movements (such as gestures and mo-
tions) which involve changes in user’s body. The move-
ments include, for example, standstill or moving of the
body, and moving of the pupils. The detected motion state
may include any data, for example, brainwaves, which
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are useful to infer an intention or thinking of the user.
[0061] The notice and alarm generator 230 may gen-
erate a signal to be transmitted to the user to notify that
the IMD 110 is in a state capable of detecting the user’s
motion state. In other words, the notice and alarm gen-
erator 230 may generate a signal to notify the user of an
event that the external device 100 attempts access to
the IMD 110. In this case, the signal may be in any form
including light, sound, vibration, and any kind of stimulus,
that the user may recognize. In addition, the signal may
be implemented as, for example, a clock, a terminal, or
an element of an external device, so the user can recog-
nize the signal.
[0062] Thus, the communication module 210 may
communicate with the external device 100 to be provided
with the state information and the user’s physiological/
pathological state information from the IMD 110. The no-
tice and alarm generator 230 may generate a signal to
notify the user of an access of the external device 100 in
response to the IMD 110 receiving a request for the state
information from the external device 100.
[0063] The user may recognize the access of the ex-
ternal device 100 based on the signal generated by the
notice and alarm generator 230, and the code processor/
pattern store 220 may detect the motion state of the user,
may generate the motion code for identifying a user’s
intention, and may, if necessary, store the generated mo-
tion code. The IMD 110 may perform a specific operation
including the providing of state information to the external
device 100 and the conducting of a medical procedure
inside the user’s body based on the motion code.
[0064] FIG. 4 illustrates a flowchart of an example em-
bodiment of a method of controlling an implantable med-
ical device (IMD) when an external device accesses to
the IMD.
[0065] The method shown in the example embodiment
illustrated in FIG. 4 may be implemented between the
external device 100 and the IMD 110 based on their basic
configurations.
[0066] First, the external device 100 may request the
IMD 110, which may retain state information of itself or
physiological/pathological state information of a user, to
provide such information (410) to the external device.
[0067] In response to the request, the IMD 110 may
confirm with the user whether to provide the requested
information to the external device 100 (420). In response
to the user making a movement to allow the IMD 110 to
recognize user’s intention, the IMD 110 may identify the
user’s intention.
[0068] The code processor/pattern store 220 may de-
tect the motion state of the user which includes a standstill
state and a moving state of the user and a moving state
of user’s pupils, and may generate the motion code based
on the motion state. The user’s intention may be inferred
by comparing the generated motion code and a motion
code previously stored in the IMD 110.
[0069] The user’s intention may involve approving or
rejecting the providing of information, and executing op-

erations of the IMD 110, for example, controlling the med-
ical procedure performed by the IMD 110. In addition,
the user’s intention may be stored or updated as a motion
code in the IMD 110.
[0070] Then, the IMD 110 may provide state informa-
tion requested by the external device 100 or transmit a
rejection message to the external device 100 based on
the user’s intention which has been confirmed at 420
(430).
[0071] FIG. 5 illustrates another example embodiment
of the IMD. Referring to the example embodiment illus-
trated in FIG. 5, the IMD 110 may further include the
security engine 240 in addition to the communication
module 210, the code processor/pattern store 220, and
the notice and alarm generator 230 which are shown in
the example embodiment illustrated in FIG. 3.
[0072] The operations of the communication module
210, the code processor/pattern store 220, and the notice
and alarm generator 230 may be the same as those
shown in the example embodiment illustrated in FIG. 3.
[0073] The IMD 110 may communicate with the exter-
nal device 100 through the communication module 210,
and the security engine 240 may verify whether the ex-
ternal device 100 is authorized to acquire state informa-
tion when the external device 100 accessesthe IMD to
request state information of the IMD 110 or physiological/
pathological state information of the user.
[0074] A variety of methods may be utilized to verify
the external device. For example, an identification stored
in the external device may be matched with an identifi-
cation stored in the IMD. Once the external device 100
has been verified, the notice and alarm generator 230
may generate a signal to notify the user of an event that
the external device 100 accesses the IMD 110 and the
user may make a specific movement in order to generate
a motion code to allow the IMD to recognize user’s in-
tention.
[0075] The code processor/pattern store 220 may de-
tect the movement and generate the motion code. The
IMD 110 may determine whether to perform a specific
activity based on the generated motion code, and may
provide the information requested by the external device
100 or control other operation.
[0076] FIG. 6 illustrates a flowchart of another example
embodiment of a method of controlling the IMD in re-
sponse to an external device accessing the IMD.
[0077] The method shown in the example embodiment
illustrated in FIG. 6 is implemented between the external
device 100 and the IMD 110 based on their basic con-
figurations.
[0078] First, the external device 100 accesses and re-
quests the IMD 110, which may store state information
of itself or physiological/pathological state information of
a user, to provide such information (610).
[0079] Then, in response to the request, the IMD 110
may perform device authentication on the accessed ex-
ternal device 100 (620).
[0080] Once the device authentication has been com-
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pleted between the IMD 110 and the external device 100,
the IMD 110 may transmit a first response to the external
device 100 to inform of the completion of the device au-
thentication or provide the information requested (630).
If the IMD 110 provides the requested information to the
external device 100 based on the first response, the op-
eration of the IMD 110 may be terminated.
[0081] After the completion of the device authentica-
tion, the IMD 110 may confirm with the user whether to
provide the requested information to the external device
(640).
[0082] When the user makes a specific movement, a
motion code which allows the IMD 110 to recognize the
user’s intention may be generated and transmitted to the
IMD 110. Accordingly, the IMD 110 may confirm the us-
er’s intention based on the motion code.
[0083] Then, the IMD 110 transmits a second response
to the external device 100 to provide or reject the request-
ed information based on the user’s intention which has
been confirmed at 640 (650).
[0084] FIG. 7 illustrates an example embodiment of an
IMD implanted in a human body.
[0085] Referring to the example embodiment illustrat-
ed in FIG. 7, the external device 100 may identify user’s
intention through a motion sensor 710 to control the IMD
700 when an external device 100 accesses the IMD 700.
[0086] The IMD 700 may include the configuration of
the IMD shown in the example embodiment illustrated in
FIG. 2.
[0087] Referring to the example embodiment illustrat-
ed in FIG. 7, the IMD 700 may include an information
store, an information store access arbitrator, a medical
sensor, and a main controller and these elements may
have, respectively, the same functions as those shown
in the example embodiment illustrated in FIG. 2.
[0088] In addition to the above elements, the IMD 700
may further include a communication module, a code
processor/pattern store, and a notice and alarm gener-
ator 230.
[0089] The respective elements will be described in
connection with a procedure of confirming the user’s in-
tention through the motion sensor 710.
[0090] The IMD 700 which may be implanted in a hu-
man body to collect physiological/pathological state in-
formation of a user and perform a medical procedure to
normalize biological activities in the user’s body and may
communicate with the external device 100 (see FIG. 1)
may include the communication module for the commu-
nication with the external device 100.
[0091] The external device 100 may be connected with
the communication module of the IMD 700 and may ac-
quire the state information of the IMD 700, or may access
the IMD 700 to acquire the physiological/pathological in-
formation of the user stored in the IMD 700. In addition,
the communication module may communicate with the
motion sensor 710 and receive a motion state detected
by the motion sensor 710, and thereby recognize the
user’s intention.

[0092] The notice and alarm generator 230 may gen-
erate a signal to inform the user that the IMD 700 is able
to receive a motion code for recognizing the user’s inten-
tion. Based on the motion code, the IMD 700 may be
controlled to perform a specific activity.
[0093] In this case, the motion code may be dependent
on the change in position of a part of a user’s body based
on user’s motion state which includes 1) the standstill
state and moving state of the user or 2) the moving state
of user’s pupils. The user’s motion state may be detected
by the motion sensor 710.
[0094] Although in the example embodiment illustrated
in FIG. 7 the motion sensor 710 is located on user’s fin-
gers, the motion sensor 710 may be put or implanted in
any part of the user’s body as long as 1) the user can
move the part as he/she wants and thereby generate a
motion state (including a standstill state), and 2) the mo-
tion sensor 710 a) may detect the motion state resulting
from the user’s movement, and b) may acquire values
related to changes in positions of the user’s body.
[0095] In this case, the motion sensor 710 may use
any method that adheres or fixes the motion sensor 710
on a body part (fingers in the example embodiment illus-
trated FIG. 7), and the motion sensor 710 may be in a
wearable form (thimble-shaped in FIG. 7).
[0096] Further, the motion sensor 710 may not only be
put or implanted in the user’s body but also implemented
as an individual device that is located outside of the user’s
body as long as it is capable of detecting a motion state
of the user’s body. In this regard, the motion sensor 710
implemented as an individual device may only need to
detect the movement of the user from the outside the
user’s body and transmit the detected motion state to the
IMD 700 implanted inside the user’s body via any method.
[0097] Moreover, the implementation of the motion
sensor 710 may not be limited to the implementations
described. For example, there may be a single motion
sensor to detect a simple movement or there may be a
plurality of motion sensors in a form which allows identi-
fication of the user’s intention based on combination of
patterns and three-dimensional relations of a variety of
movements.
[0098] The notice and alarm generator 230 may gen-
erate a signal to notify the user that the external device
100 attempts access to the IMD 700. In this case, the
signal may be in any form including light, sound, vibration,
and any kind of stimulus, as long as the user can recog-
nize. In addition, the signal can be implemented as, for
example, a clock, a terminal, or an element of an external
device, based on any method as long as the user may
recognize the signal.
[0099] The code processor/pattern store may receive
a motion state of the user from the motion sensor 710 to
control the IMD 700 which is implanted in the user’s body,
and may generate and store the motion code based on
the motion state. In another example embodiment, the
motion sensor 710 may detect motion state of the user
and generate a motion code based on the detected mo-
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tion state, and transmit the motion code to the IMD 700.
In this case, the code processor/pattern store for gener-
ating a motion code may be included in the motion sensor
instead of the IMD 700.
[0100] The IMD 700 may perform a specific operation
based on user’s intention identified from the motion code
generated as described above.
[0101] FIGS. 8A and 8B illustrate example embodi-
ments of a motion sensor of an IMD.
[0102] The example embodiment illustrated in FIG. 8A
shows a basic configuration of a first motion sensor 800.
Referring to the example embodiment illustrated in FIG.
8A, the first motion sensor 800 may include a motion
measurement unit 801 and a signal transmitting unit 802.
[0103] The motion measurement unit 801 may detect
a movement of the user and measure a change in position
of the user’s body.
[0104] The signal transmitting unit 802 may communi-
cate with the IMD 700 (refer to FIG. 7) and transmit the
change in position which may be measured by the motion
measurement unit 801 1 to the IMD 700.
[0105] The example embodiment illustrated in FIG. 8B
shows a configuration of a second motion sensor 810
that detects a motion which is a reference motion from
among motions detected by a plurality of motion sensors.
Referring to the example embodiment illustrated in FIG.
8B, the second motion sensor 810 may include a refer-
ence measurement unit 811, a signal transmitting unit
812, and a calculation unit 813.
[0106] The reference measurement unit 811 may be
the same as the motion measurement unit 801 in terms
of a function that measures a change in position of a
user’s body by detecting a motion of the user.
[0107] The reference measurement unit 811 of the
second motion sensor 810 may be different from the mo-
tion measurement unit 801 in that it may determine a
reference motion for 1) collecting a plurality of changes
in positions which are measured by a plurality of motion
sensors having the same configuration as the first motion
sensor 800 or 2) forming various forms of codes or pat-
terns based on the plurality of changes in positions.
[0108] Thus, the reference measurement unit 811 may
determine a motion of a specific part of the user’s body
as a reference motion, and the calculation unit 813 may
calculate a current motion based on a relation between
the reference motion determined by the reference meas-
urement unit 811 and motions detected by a plurality of
first motion sensors 800.
[0109] The signal transmitting unit 812 may 1) com-
municate with the IMD 700 and the plurality of first motion
sensors 800, 2) receive the position changes measured
by the first motion sensors 800, and 3) transmit the po-
sition changes to the IMD 700. The position changes may
be transmitted through a general wireless communica-
tion method or through the body.
[0110] By the above procedures, various forms of mo-
tion codes which reflect diverse intentions of the user
may be generated so that a diversity of control over the

IMD 700 may be realized.
[0111] FIGS. 9A and 9B illustrate example embodi-
ments for explaining motion codes generated by a plu-
rality of motion sensors of an IMD.
[0112] As described above, the first motion sensor 800
(referring to FIG. 8A) and the second motion sensor 810
may be applied to any part of a user’s body which may
make a movement, and as shown in the example em-
bodiment illustrated in FIG. 7, the first motion sensor 800
or the second motion sensor 810 may be worn on fingers.
FIGS. 9A and 9B show how codes or patterns may be
generated from changes in positions of fingers.
[0113] As illustrated in FIG. 9A, a motion sensor #0
may be adhered to or implanted in the thumb, a motion
sensor #4 may be adhered to or implanted in the index
finger, a motion sensor #3 may be adhered to or implant-
ed in the middle finger, a motion sensor #2 may be ad-
hered to or implanted in the ring finger, and a motion
sensor #1 may be adhered to or implanted in the little
finger.
[0114] In this case, it may be assumed that the motion
sensor #0 is applied with the second motion sensor 810
as shown in the example embodiment illustrated in FIG
8B, and the rest of the motion sensors are applied with
the first motion sensors as shown in the example illus-
trated in FIG. 8A. Under such assumption, a position
change of each finger may be detected based on the
movement of a hand on the basis of the thumb as a ref-
erence and the position change may be mapped as de-
scribed below.
[0115] In the example embodiment illustrated in FIG.
9A, a state in which the thumb is away from the fingers
(or the thumb and the fingers spread away from each
other) may be mapped to a value ’0000’ (0x0), a state in
which only the index finger is bent toward the thumb and
the rest fingers do not make significant movement may
be mapped to a value ’1000’ (0x8), and a state in which
the middle finger is bent toward the thumb and the rest
fingers do not make notable movement may be mapped
to a value ’0100’ (0x4).
[0116] In addition, the example embodiment illustrated
in FIG. 9B may be based on an assumption that motion
sensors #0, #4, #3, #2, and #1 are, respectively, adhered
to or implanted in the thumb to the little fingers in this
order, and shows various motion codes generated ac-
cording to finger movements.
[0117] In other cases, the same motions may be
mapped to codes of different values, and the mapping
may be implemented in different ways.
[0118] The example embodiments illustrated in FIGS.
9A and 9B may show motion codes or patterns of simple
formats which are generated by the motion sensors ad-
hered to or implanted in the five fingers and, in a similar
manner, mapping may be performed with respect to other
parts of the user’s body by utilizing motion state gener-
ated.
[0119] FIG. 10 illustrates a flowchart of an example
embodiment of a method of controlling an IMD having a
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motion sensor.
[0120] The method shown in FIG. 10 may be imple-
mented by an external device 100, an IMD 700, and the
motion sensor 710, and will be described in relation with
the example embodiment illustrated in FIG. 7.
[0121] In the example embodiment illustrated in FIG.
10, the IMD 700 may include a communication module,
a code processor/pattern store, and a notice and alarm
generator as shown in the example embodiment illustrat-
ed in FIG. 3.
[0122] The external device 100 may request the IMD
700, which may retain state information of itself or phys-
iological/pathological state information of a user, to trans-
mit the state information (1010) to the external device.
[0123] The IMD 700 that has received the request for
the state information may confirm with the user whether
to provide the state information to the external device
100 (1020).
[0124] The notice and alarm generator may generate
a signal to notify the user that the external device 100
attempts access to the IMD 700. In this case, the signal
may be in any form including light, sound, vibration, and
any kind of stimulus, as long as the user can recognize
the signal.
[0125] In this case, the notice and alarm generator of
the IMD 700 may draw attention or make the user rec-
ognize the access of the external device 100 by use of
a signal, which is in the form of light, sound, vibration, or
any kind of stimulus. In response to the signal, the user
1) may recognize an inquiry whether to provide the re-
quested information, 2) may determine whether to pro-
vide the state information and 3) may transmit the deter-
mination result to the IMD 700 through the motion sensor
710.
[0126] That is, the motion sensor 710 may detect a
position change resulting from the motion of the user,
and may transfer the detected result to the IMD 700
(1030). The IMD 700 may receive the position change of
a motion and may determine whether to provide the re-
quested state information to the external device 100.
[0127] If the user determines to provide the state in-
formation to the external device 100 (if an identified in-
tention of the user indicates approving the providing of
the requested state information), the state information
retained by the IMD 700 may be transmitted to the ex-
ternal device 100 (1040). If the user rejects the request
to provide the state information (if an identified intention
of the user indicates rejecting the providing of the re-
quested state information), the IMD 700 may transmit a
refusal response to the external device 100 (1040).
[0128] FIG. 11 illustrates a method of controlling the
IMD having a motion sensor.
[0129] Similar to the example embodiment illustrated
in FIG. 10, the example embodiment illustrated in FIG.
11 may be implemented by an external device 100, an
IMD 700, and a motion sensor 710.
[0130] However, the IMD 700 shown in the example
embodiment illustrated in FIG. 11 may further include a

security engine in addition to a communication module,
a code processor/pattern store, and a notice and alarm
generator as included in the IMD 700 shown in the ex-
ample embodiment illustrated in FIG. 10.
[0131] The method shown in the example embodiment
illustrated in FIG. 10 may be implemented by the IMD
including the communication module 210, the code proc-
essor/pattern store 220, and the notice and alarm gen-
erator 230 as shown in the example embodiment illus-
trated in FIG. 3, and the method shown in the example
embodiment illustrated in FIG. 11 I may be implemented
by the IMD including the communication module 210, the
code processor/pattern store 220, the notice and alarm
generator 230, and the security engine 240 as shown in
the example embodiment illustrated in FIG. 5.
[0132] The external device 100 may request the IMD
700, which may retain state information of itself or phys-
iological/pathological state information of a user, to trans-
mit the state information (1101).
[0133] Then, the IMD 700 may check whether the IMD
has previously received a request to transmit the state
information from the external device 100 (1102), and if
the IMD 700 has not received a request from the same
external device 100, device authentication is carried out
between the external device 100 and the IMD 700 (1103).
If the external device 100 is not able to complete the
device authentication because the external device 100
is not authorized to be provided with the state information,
the IMD 700 may transmit a refusal response to the ex-
ternal device 100.
[0134] In response to the request for the state infor-
mation being previously received from the same external
device 100 or the device authentication has been com-
pleted at 1103, it may be determined whether the re-
quested state information is provided according to pre-
defined access control policies or the providing of the
state information to the external device 100 is determined
through the motion sensor 710 (1104).
[0135] The access control policies may be implement-
ed in various ways based on the level of privacy and the
level of security requested by the user for the state infor-
mation retained in the IMD 700. In the example embod-
iment illustrated in FIG. 11, if the IMD 700 has received
a request for the state information from the external de-
vice 100, the access control policies may be implemented
for the state information retained in the IMD 700 to be
transmitted directly to the external device 100 (1113) 1)
when the access is carried out within an available period
predefined for the external device 100 (or the device au-
thentication of the external device 100 has been com-
pleted) or 2) when the currently requested state informa-
tion is the same as the previously requested state infor-
mation (1104). The confirmation of providing of the state
information may be carried out via the motion sensor 710.
[0136] Subsequently, to confirm a user’s intention of
whether to provide the requested state information
through the motion sensor 710, the IMD 700 may gen-
erate a signal for confirmation of the user (1105), and

13 14 



EP 2 438 959 A1

9

5

10

15

20

25

30

35

40

45

50

55

may request the user to confirm whether to provide the
requested state information to the external device 100
(1106).
[0137] The user may be enabled to recognize the re-
quest for the state information from the external device
100 through the signal generated at 1105, and makes a
motion as described above. Then, the motion state may
be detected by the motion sensor 710 (1107). In this case,
the motion sensor 710 may compute the motion state or
a motion code based on a standstill state and moving
state of the user or a moving state of user’s pupils (1107),
and the motion state may allow the recognition of the
user’s intention for the request for the providing of the
state information of the IMD 700. The motion state may
be implemented as a code or a pattern, as described
above.
[0138] The computed motion state or motion code may
be transmitted to the IMD 700 (1108). The IMD 700 may
receive the user’s motion state from the motion sensor
710, and may identify the user’s intention of whether to
provide the requested state information to the external
device 100(1109).
[0139] If the user authenticates the providing of the
state information (1110), that is, if the requested state
information is determined to be provided to the external
device 100, the requested state information retained by
the IMD 700 may be transmitted to the external device
100 (1111, 1112, and 1113). If the user refuses to ap-
prove the providing of the state information (1110), that
is, if the requested state information is determined not to
be provided to the external device 100, the IMD 700 may
generate a response message to refuse to provide the
state information to the external device 100 (1112) and
may transmit the generated response message to the
external device 100 (1113).
[0140] The above-described IMD may allow the rec-
ognition of the user’s intention with respect to an access
or a request for information by an external device, and
may be controlled by the recognized user’s intention.
Hence, the recognition of the user’s intention may be
included as a technical element.
[0141] Accordingly, example embodiments of recog-
nition of the user’s intention, as illustrated in FIGS. 12
and 13, may be taken into consideration. However, any
other example embodiments which may recognize a us-
er’s intention falls within the scope of the teachings de-
scribed herein.
[0142] FIG. 12 illustrates an example embodiment
showing body parts of a user that allows the recognition
of a user’s intention through a motion state of the user.
[0143] Referring to the example embodiment illustrat-
ed in FIG. 12, an implantable medical device (IMD) 1200
may have a structure to recognize the user’s intention
for an access or an information request from an external
device 100, and be controlled by the recognized inten-
tion.
[0144] As shown in the example illustrated in FIG. 12,
the body parts that allow the recognition of the user’s

intention may include a head 1210 (facial muscles, eyes,
pupils, eyelids, ears, neck, and the like), shoulders 1220,
elbows 1230, hands or wrists 1240, a waist 1250, knees
1260, feet or ankles 1270 and the like.
[0145] The motion sensor illustrated in the example
embodiment of FIG. 8A or 8B may be put or implanted
in any body part to detect the motion state, thereby rec-
ognizing the user’s intention. In addition, a third device
which has been previously described in the example em-
bodiment illustrated in FIG. 7 may be employed as long
as the device can detect the motion state for recognizing
the user’s intention.
[0146] Further, the user’s intention may be based on
consciousness (thinking) resulting from a brain activity,
and any form of directly recognizing the user’s intention
resulting from the brain activity falls within the scope of
the teachings described herein.
[0147] FIG. 13 illustrates an example embodiment of
a structure for controlling an IMD by recognizing a user’s
intention through the direct detection of the brain activity.
[0148] Referring to the example embodiment illustrat-
ed in FIG. 13, the IMD 1200 1) may recognize the user’s
intention with respect to an access or an information re-
quest from an external device 100 using a detecting unit
1300 implemented in a user’s brain or in proximity to the
brain, and 2) be controlled based on the recognized in-
tention.
[0149] The IMD 1200 1) which may be implanted in a
human body to collect physiological/pathological state
information of a user or 2) which may be closely connect-
ed to the organs of the users to control the operation of
the organs may have the same structure as shown in the
example embodiment illustrated in FIG. 2.
[0150] Hence, the IMD 1200 may include an info store,
an info store access arbitrator, a medical sensor, and a
main controller, and their functions may be substantially
the same as those shown in the example embodiment
illustrated in FIG. 2.
[0151] In addition to the above primary structure, the
IMD 1200 may further include a communication module,
a code processor/pattern store, a notice and alarm gen-
erator, and a security engine. The code processor/pat-
tern store of the example embodiment illustrated in FIG.
13 may be partially or entirely substituted by the detecting
unit 1300 which may be implemented in the user’s brain
or in proximity to the brain.
[0152] The external device 100 may be connected to
the communication module of the IMD 1200 1) to acquire
state information of the IMD 1200, or 2) to access the
IMD 1200 to acquire physiological/pathological informa-
tion of the user which may be stored in the IMD 1200.
[0153] The IMD 1200 may be enabled to recognize the
user’s intention through the detecting unit 1300 with re-
spect to a request of the external device 100 that access-
es the IMD 1200 for various purposes.
[0154] The detecting unit 1300 may be directly or in-
directly connected to the user’s brain to detect move-
ments (gestures or motions) of the user, including 1) a
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standstill state or moving state of the user and a move-
ment of pupils, through an electrical reaction in a motor
nerve or a sensory nerve, or to directly analyze or 2)
identify the user’s consciousness based on a brainwave
state resulting from an electrical/chemical reaction in the
user’s brain. Further, the detecting unit 1300 may gen-
erate a motion code based on the detected or analyzed
result to allow the IMD 1200 to reflect the user’s intention
with respect to the access from the external device 100.
[0155] Thus, the IMD 1200 may receive the motion
code generated by the detecting unit 1300 which directly/
indirectly may recognize the user’s intention resulting
from the brain activity, and may provide the requested
state information, may refuse to provide, or may provide
any other response to the external device 100 based on
the received motion code.
[0156] FIG. 14 illustrates a flowchart of an example
embodiment of a method of controlling an implantable
medical device (IMD) by recognizing a user’s intention
based on direct detection of brain activity.
[0157] The method of controlling the IMD may be per-
formed between an external device 100, the IMD 1200,
and a detecting unit 1300. The method illustrated in FIG.
14 may control the IMD 1200 having the primary structure
which is shown in the example embodiment illustrated in
FIG. 13.
[0158] The external device 100 may access the IMD
110, which may retain state information of itself or phys-
iological/pathological state information of a user, to ac-
quire the state information (1410).
[0159] The IMD 1200 may confirm the user whether to
allow access of the external device 100 or to provide the
requested state information. In this case, the IMD 1200
may generate a signal in the form of light, sound, vibra-
tion, or any kind of stimulus to notify the user that the
external device 100 attempts access or issues a request
to the IMD 1200 (1420).
[0160] Then, the user may recognize an inquiry wheth-
er to allow the providing of the requested state informa-
tion or the access of the external device 100 through the
signal, may make a decision about the provision or the
state information or the access of the external device
100, and may transmit the result to the IMD 1200 through
a motion code generated by the detecting unit 1300
(1430).
[0161] The detecting unit 1300 may be directly or in-
directly connected to the user’s brain 1) to detect move-
ments (gestures or motions) of the user, including a
standstill state or moving state of the user and a move-
ment of pupils, through an electrical reaction in a motor
nerve or a sensory nerve, or 2) to directly analyze or
identify the user’s consciousness based on a brainwave
state resulting from an electrical/chemical reaction in the
user’s brain. Further, the detecting unit 1300 may gen-
erate a motion code based on the detected or analyzed
result to allow the IMD 1200 to reflect the user’s intention
with respect to the access from the external device 100.
[0162] Thus, the IMD 1200 may receive the motion

code generated by the detecting unit 1300 which directly/
indirectly recognizes the user’s intention resulting from
the brain activity, and may provide the requested state
information, refuse to provide, or may provide any other
response to the external device 100 according to the re-
ceived motion code (1440). The IMD 1200 1) may be
allowed to recognize the user’s intention based on the
user’s motion state including a standstill state and a mov-
ing state of the user, a moving state of pupils, and a brain-
wave state, and 2) may determine whether to permit the
access of the external device 100 according to the user’s
intention.
[0163] When the user confirms to provide information
(in this example, in which the user only thinks of allowing
the provision of information), or when the IMD 1200 pro-
vides the requested state information, the IMD 1200 may
transmit the requested information to the external device
100 (1440). When the user refuses to provide the infor-
mation (in this example embodiment, when the user
thinks of refusing to provide the information), the IMD
1200 may transmit a refusal response to the external
device 100 (1440).
[0164] Program instructions to perform a method de-
scribed herein, or one or more operations thereof, may
be recorded, stored, or fixed in one or more computer-
readable storage media. The program instructions may
be implemented by a computer. For example, the com-
puter may cause a processor to execute the program
instructions. The media may include, alone or in combi-
nation with the program instructions, data files, data
structures, and the like. Examples of computer-readable
media include magnetic media, such as hard disks, flop-
py disks, and magnetic tape; optical media such as CD
ROM disks and DVDs; magneto-optical media, such as
optical disks; and hardware devices that are specially
configured to store and perform program instructions,
such as read-only memory (ROM), random access mem-
ory (RAM), flash memory, and the like. Examples of pro-
gram instructions include machine code, such as pro-
duced by a compiler, and files containing higher level
code that may be executed by the computer using an
interpreter. The program instructions, that is, software,
may be distributed over network coupled computer sys-
tems so that the software is stored and executed in a
distributed fashion. For example, the software and data
may be stored by one or more computer readable record-
ing mediums. Also, functional programs, codes, and code
segments for accomplishing the example embodiments
disclosed herein can be easily construed by program-
mers skilled in the art to which the embodiments pertain
based on and using the flow diagrams and block dia-
grams of the figures and their corresponding descriptions
as provided herein. Also, the described unit to perform
an operation or a method may be hardware, software, or
some combination of hardware and software. For exam-
ple, the unit may be a software package running on a
computer or the computer on which that software is run-
ning. A number of examples have been described above.
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Nevertheless, it will be understood that various modifi-
cations may be made. For example, suitable results may
be achieved if the described techniques are performed
in a different order and/or if components in a described
system, architecture, device, or circuit are combined in
a different manner and/or replaced or supplemented by
other components. Accordingly, other implementations
are within the scope of the following claims.

Claims

1. An implantable medical device, IMD, comprising:

a medical procedure performing unit configured
to perform a medical procedure inside a body of
a user;
a code generating unit configured to detect a
motion state of the user, and to generate a mo-
tion code that represents a user’s intention
based on the detected motion state; and
a control unit configured to control the medical
procedure of the medical procedure performing
unit based on the generated motion code.

2. The IMD of claim 1, wherein the medical procedure
performing unit is adapted to collect physiological/
pathological state information of the user, and
wherein the control unit is adapted to determine
whether to transmit the physiological/pathological
state information to an external device based on the
motion code.

3. The IMD of claim 1 or 2, wherein the code generating
unit is adapted to detect the motion state that in-
cludes a standstill state of the user, a moving state
of the user, a moving state of user’s pupils, a brain-
wave state of the user, or a combination thereof.

4. The IMD of any one of claims 1 to 3, wherein the
code generating unit comprises a first sensor con-
figured to set a reference for the motion state of the
user and a second sensor configured to detect the
motion state which includes the standstill state of the
user, a moving state of the user, a moving state of
the user’s pupils, or a combination thereof, wherein
the first sensor or the second sensor is placed out-
side of the user’s body to detect a motion state of
the user.

5. The IMD of any one of claims 1 to 4, wherein the
code generating unit comprises a sensor configured
to be worn on or implanted in a user’s finger to detect
the motion state of the user.

6. The IMD of claim 2, further comprising:

an authenticating unit configured to authenticate

whether the external device which communi-
cates with the IMD is authorized to acquire the
physiological/pathological state information of
the user, wherein the code generating unit is fur-
ther adapted to generate the motion code in re-
sponse to the authenticating unit authenticating
the external device to be authorized to acquire
the physiological/pathological state information,
and/or
wherein the IMD further comprises a notice and
alarm generator configured to generate a signal
to notify of an access of the external device in
response to the external device attempting to
access the IMD to communicate therewith,
wherein the notice and alarm generator is adapt-
ed to generate a recognizable signal in the form
of light, sound, vibration, stimulus, or a combi-
nation thereof.

7. The IMD of any one of claims 1 to 6, wherein the
user’s intention includes allowing the performance
of the medical procedure or restricting the perform-
ance of the medical procedure.

8. An implantable medical device, IMD, comprising:

an information collecting unit configured to col-
lect physiological/pathological state information
of a user; and
a provision determining unit configured to detect
a motion state of the user, and to determine
whether to provide the physiological/pathologi-
cal state information to an external device ac-
cording to a user’s intention identified based on
the detected motion state.

9. The IMD of claim 8, wherein the provision determin-
ing unit comprises:

a communication module configured to transmit
the physiological/pathological state information
to the external device;
a detecting unit configured to detect a motion
state which includes a standstill state of the user,
a moving state of the user, a moving state of
user’s pupils, a brainwave state of the user, or
a combination thereof;
a code generating unit configured to generate a
motion code that represents the user’s intention
for the providing of the physiological/pathologi-
cal state information based on the detected mo-
tion state; and
a control unit configured to control the commu-
nication module based on the generated motion
code,
wherein the code generating unit is adapted to
compare the motion state of the user with a pre-
viously stored motion state of the user and to
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generate a motion code corresponding to the
detected motion state.

10. The IMD of claim 8 or 9, further comprising:

an authenticating unit configured to authenticate
whether the external device that communicates
with the IMD is authorized to acquire the phys-
iological/pathological state information, wherein
the authenticating unit is adapted to authenti-
cate the external device by determining whether
the external device has previously accessed or
whether physiological/pathological state infor-
mation to be transmitted is the same as the phys-
iological/pathological state information request-
ed by the external device, or wherein the provi-
sion determining unit is adapted to detect the
motion state of the user in response to the ex-
ternal device being authorized to acquire the
physiological/pathological state information.

11. A method of controlling an implantable medical de-
vice, IMD, with respect to an access of an external
device, the method comprising:

receiving a request for state information of the
IMD or physiological/pathological state informa-
tion of a user from the external device;
identifying a user’s intention by detecting a mo-
tion state of the user; and
determining whether to transmit the requested
state information to the external device accord-
ing to the identified user’s intention.

12. The method of claim 11, wherein the identifying of
the user’s intention comprises detecting the motion
state of the user which includes a standstill state of
the user, a moving state of the user, a moving state
of user’s pupils, a brainwave state of the user, or a
combination thereof, wherein the identifying of the
user’s intention comprises:

generating a motion code that represents a us-
er’s intention based on the detected motion state
of the user; and
identifying the user’s intention that corresponds
to the generated motion code by comparing the
generated motion code with a previously stored
motion code.

13. The method of claim 11 or 12, wherein the determin-
ing whether to transmit the requested state informa-
tion comprises providing the state information to the
external device or transmitting a refusal response to
the external device according to the identified user’s
intention.

14. An external device for communicating with an im-

plantable medical device, IMD, the external device
comprising:

a communications unit configured to access
state information stored in the IMD; and
a reception unit configured to receive the state
information determined by a motion state of the
user corresponding to a user’s intention detect-
ed by the IMD.

15. The external device of claim 14, wherein the user’s
intention includes allowing the transmission of the
state information or restricting the transmission of
the state information.
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