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(54) CONTROLLER, COMMUNICATION METHOD, AND COMMUNICATION SYSTEM

(57) A new controller (supporting device authentica-
tion) (41) is a controller which performs encrypted com-
munication with a device which has succeeded in mutual
authentication using an electronic certificate, and the
controller includes: a determining unit (105) that deter-
mines whether or not a communication target device with
which communication is to be performed is an authenti-
cation support device that supports the mutual authenti-
cation; a functional restriction unit (106) that, when the
communication target device is determined not to be the
authentication support device by the determining unit
(105), imposes a functional restriction on one or more
functions of the communication target device which are
operable by the new controller (supporting device au-
thentication) (41); and a communication unit (11) which
performs communication in plain text with the communi-
cation target device with the functional restriction im-
posed by the functional restriction unit (106).
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Description

TECHNICAL FIELD

[0001] The present invention relates to a controller, a
communication method, and a communication system
that perform encrypted communication with a device
which has succeeded in mutual authentication using an
electronic certificate.

BACKGROUND ART

[0002] In recent years, in some cases, a controller is
connected to a home area network, and communication
between a device and an external server is performed
via the controller (for instance, see PTL1). Thus, it is nec-
essary to control in-home communication by safely set-
ting the connection between the controller and each de-
vice, and to prevent impersonation connection by an un-
authorized device or information leakage by interception
of the content of communication.
[0003] For instance, in an authentication system in
which devices perform mutual authentication using a
public key certificate (electronic certificate) issued by a
certification authority, a technique is known, in which at
the time of first registration, the devices generate a
shared key using the public key certificate, and subse-
quent authentication is simplified using the shared key
(for instance, see PTL2).

Citation List

Patent Literature

[0004]

PTL1: Japanese Unexamined Patent Application
Publication No. 2014-217073
PTL2: Japanese Unexamined Patent Application
Publication No. 2004-247799

SUMMARY OF THE INVENTION

TECHNICAL PROBLEMS

[0005] However, in practical operational environment,
devices that support and devices that do not support the
above-described mutual authentication (hereinafter re-
ferred to as "device authentication") using an electronic
certificate are mixed. Even in such an environment, it is
desirable that the devices not supporting the device au-
thentication be safely operated.
[0006] In view of the above-mentioned problem, it is
an object of the present invention to provide a controller,
a communication method, and a communication system
that, even in an environment where devices supporting
the device authentication and devices not supporting the
device authentication are mixed, are capable of safely

operating the devices not supporting the device authen-
tication.

SOLUTION TO PROBLEMS

[0007] In order to achieve the above-mentioned object,
as a summary, a controller according to first aspect of
the present invention performs encrypted communica-
tion with a device which has succeeded in mutual au-
thentication using an electronic certificate, the controller
including: a determining unit which determines whether
or not a communication target device with which com-
munication is to be performed is an authentication sup-
port device that supports the mutual authentication; a
functional restriction unit which, when the communication
target device is determined not to be the authentication
support device by the determining unit, imposes a func-
tional restriction on one or more functions of the commu-
nication target device which are operable by the control-
ler; and a communication unit which performs communi-
cation in plain text with the communication target device
with the functional restriction imposed by the functional
restriction unit.
[0008] As a summary, a communication method ac-
cording to second aspect of the present invention is per-
formed by a controller when the controller performs en-
crypted communication with a device which has succeed-
ed in mutual authentication using an electronic certificate,
the method including: determining by the controller
whether or not a communication target device with which
communication is to be performed is an authentication
support device that supports the mutual authentication;
when the communication target device is determined not
to be the authentication support device in the determining
by the controller, imposing a functional restriction on one
or more functions of the communication target device
which are operable by the controller; and performing
communication in plain text with the communication tar-
get device with the functional restriction in the imposing.
[0009] As a summary, a communication system ac-
cording to third aspect of the present invention includes
a controller which performs encrypted communication
with a device which has succeeded in mutual authenti-
cation using an electronic certificate, the controller in-
cluding: a determining unit which determines whether or
not a communication target device with which communi-
cation is to be performed is an authentication support
device that supports the mutual authentication; a func-
tional restriction unit which, when the communication tar-
get device is determined not to be the authentication sup-
port device by the determining unit, imposes a functional
restriction on one or more functions of the communication
target device which are operable by the controller; and
a communication unit which performs communication in
plain text with the communication target device with the
functional restriction imposed by the functional restriction
unit.
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ADVANTAGEOUS EFFECT OF INVENTION

[0010] According to the present invention, it is possible
to provide a controller, a communication method, and a
communication system that, even in an environment
where devices supporting the device authentication and
devices not supporting the device authentication are
mixed, are capable of safely operating the devices not
supporting the device authentication.

BRIEF DESCRIPTION OF DRAWINGS

[0011]

FIG. 1 is a block diagram illustrating the fundamental
configuration of an authentication system according
to an embodiment of the present invention.
FIG. 2 is a block diagram illustrating the fundamental
configuration of a controller included in the authen-
tication system according to the embodiment of the
present invention.
FIG. 3 is a block diagram illustrating the fundamental
data structure of a public key certificate used in the
authentication system according to the embodiment
of the present invention.
FIG. 4 is a block diagram illustrating the fundamental
data structure of registration information used in the
authentication system according to the embodiment
of the present invention.
FIG. 5 is a block diagram illustrating the fundamental
configuration of a device included in the authentica-
tion system according to the embodiment of the
present invention.
FIG. 6 is a block diagram illustrating the fundamental
data structure of registration information used in the
authentication system according to the embodiment
of the present invention.
FIG. 7 is a sequence diagram illustrating the opera-
tion of the authentication system according to the
embodiment of the present invention.
FIG. 8 is a sequence diagram illustrating the
processing of mutual authentication using a public
key certificate in the authentication system accord-
ing to the embodiment of the present invention.
FIG. 9 is a sequence diagram illustrating the
processing of mutual authentication using a shared
key in the authentication system according to the
embodiment of the present invention.
FIG. 10 is a sequence diagram illustrating the
processing of update of a public key certificate in the
authentication system according to the embodiment
of the present invention.
FIG. 11 is a conceptual diagram for explaining a case
where support for a legacy device is necessary in a
communication system according to the embodi-
ment of the present invention.
FIG. 12 is a block diagram illustrating the fundamen-
tal configuration of a new controller (supporting the

device authentication) included in the communica-
tion system according to the embodiment of the
present invention.
FIG. 13 is a block diagram illustrating an example of
connection between another device and the new
controller (supporting the device authentication) in-
cluded in the communication system according to
the embodiment of the present invention.
FIG. 14 is a flowchart illustrating the operation of the
new controller (supporting the device authentication)
included in the communication system according to
the embodiment of the present invention.
FIG. 15 is a diagram illustrating a screen example
displayed on a display of the new controller (support-
ing the device authentication) included in the com-
munication system according to the embodiment of
the present invention.
FIG. 16 is a diagram illustrating another screen ex-
ample displayed on a display of the new controller
(supporting the device authentication) included in
the communication system according to the embod-
iment of the present invention.
FIG. 17 is a diagram illustrating an example of func-
tional restriction information stored in a memory of
the new controller (supporting the device authenti-
cation) included in the communication system ac-
cording to the embodiment of the present invention.

DESCRIPTION OF EXEMPLARY EMBODIMENT

[0012] Hereinafter, a controller and the like according
to this embodiment will be described with reference to
the drawings. Each of the embodiments described below
is a preferable example of the present invention. There-
fore, the numerical values, shapes, materials, compo-
nents, arrangement positions and connection topologies
of the components, processes (steps), the order of the
processes which are shown in the following embodi-
ments are examples, and not intended to limit the present
invention. Thus, those components in the following em-
bodiments, which are not stated in the independent claim
that defines the most generic concept are each described
as an arbitrary component. It is to be noted that the re-
spective figures are schematic diagrams and are not nec-
essarily precise illustrations.
[0013] In the following description of the drawings, the
same or similar components are labeled with the same
or similar symbol, and a redundant description may be
omitted.

(Embodiment)

«Basic Configuration»

[0014] A communication system according to this em-
bodiment is predicated on the authentication system de-
scribed below.

3 4 
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(Authentication System)

[0015] As illustrated in FIG. 1, the authentication sys-
tem according to this embodiment includes controller 1,
multiple devices 2, and server 4 communicably connect-
ed to controller 1 via internet 3 which is a communication
line. Server 4 is a certification authority that issues a pub-
lic key certificate to controller 1 and multiple devices 2,
and manages the issued public key certificate.
[0016] Controller 1 (first device) is a controller in a
home energy management system (HEMS) that manag-
es the consumed electric energy, surplus generated elec-
tric energy of multiple devices 2, for instance. Controller
1 is a communication device that is communicably con-
nected to multiple devices 2. Controller 1 performs mu-
tual authentication with multiple devices 2, and registers
multiple devices 2, thereby forming HEMS 5 with multiple
devices 2.
[0017] As illustrated in FIG. 2, controller 1 includes
processor 10, communication unit 11 that communicates
with others according to the control of processor 10, and
memory 12 that stores information on programs and var-
ious data. The communication performed by communi-
cation unit 11 may be wireless communication or may be
wired communication. Memory 12 stores secret key 121
of controller 1 itself and public key certificate 122, and
registration information 123 that is information on device
2 already registered.
[0018] As illustrated in FIG. 3, public key certificate 122
includes the version of public key certificate 122, an is-
suer, the start time of a validity period, the end time (valid
deadline) of a validity period, a certificate ID (identifier),
a public key of controller 1, and the signature of server
4. The public key of public key certificate 122 corresponds
to secret key 121. The signature of public key certificate
122 is created using the secret key of server 4. Public
key certificate 122 is issued by server 4, and is stored in
memory 12 when controller 1 is manufactured.
[0019] As illustrated in FIG. 4, registration information
123 includes a device ID that identifies each of devices
2 already registered, a certificate ID that identifies public
key certificate 222 (see FIG. 6) of each device 2, a shared
key (shared key in advance), a group key, a session key,
and a remaining time of session. The shared key is
shared between controller 1 and each of devices 2. The
group key is used for encryption and decryption of infor-
mation collectively transmitted to devices 2 by controller
1. Device 2 belonging to the same group shares the same
group, key with controller 1. The session key is used for
encryption and decryption of unicast communication be-
tween controller 1 and devices 2. The remaining time of
a session is the remaining time which is set between
controller 1 and each device 2, and during which the ses-
sion is valid.
[0020] Processor 10 has certificate authentication unit
101, validity period setting unit 102, shared key authen-
tication unit 103, and update processor 104 as a logical
structure. Processor 10 includes of a processing device,

such as a central processing unit (CPU).
[0021] Certificate authentication unit 101 performs mu-
tual authentication with device 2 using public key certif-
icate 122 and public key certificate 222 of device 2 to be
authenticated, thereby generating a shared key to be
shared with device 2. Valid period setting unit 102 sets
the validity period of either one of public key certificate
122 and public key certificate 222 to the shared key gen-
erated by certificate authentication unit 101.
[0022] When the validity period set in the shared key
has not expired, shared key authentication unit 103 per-
forms mutual authentication with device 2 not using pub-
lic key certificate 122 and public key certificate 222, but
using the shared key generated by certificate authenti-
cation unit 101. When the validity period set in the shared
key has expired, update process part 104 updates public
key certificate 122 to new public key certificate 122.
[0023] Device 2 (second device) includes, for instance,
a load device such as an air conditioner, and a refriger-
ator, an illuminating device, a power supply device such
as a solar battery, and a storage battery, and a smart
meter. Device 2 is a communication device that joins
HEMS 5 by being registered in controller 1, and performs
encrypted communication with controller 1. Device 2 may
be a device equivalent to controller 1 that has a control
function, a management function, and the like. When
multiple devices have the management function are
present in the same network, only the device connected
first renders the management function and a device sub-
sequently connected does not render the management
function.
[0024] As illustrated in FIG. 5, each device 2 includes
processor 20, communication unit 21 that communicates
with controller 1 according to the control of processor 20,
and memory 22 that stores programs and various data.
The communication performed by communication unit
21 may be wireless communication or may be wired com-
munication. Memory 22 stores secret key 221 and public
key certificate 222 of device 2 itself, and registration in-
formation 223 that is information on controller 1 in which
device 2 itself is registered.
[0025] Similarly to public key certificate 122, public key
certificate 222 includes the version of public key certifi-
cate 222, an issuer, the start time of a validity period, the
end time (valid deadline) of a validity period, a certificate
ID, a public key of device 2, and the signature of server
4. The public key of public key certificate 222 corresponds
to secret key 221. The signature of public key certificate
222 is created using the secret key of server 4. Public
key certificate 222 is issued by server 4, and is stored in
memory 22 when device 2 is manufactured.
[0026] As illustrated in FIG. 6, registration information
223 includes a controller ID that identifies controller 1 in
which device 2 itself is registered, a certificate ID that
identifies public key certificate 122 of controller 1, a
shared key, a group key, a session key, and the remain-
ing time of session. The shared key is shared between
controller 1 and each device 2. The group key is used
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for encryption and decryption of information collectively
transmitted to devices 2 by controller 1. The session key
is used for encryption and decryption of unicast commu-
nication with controller 1. The remaining time of a session
is the remaining time that is set between and device 2
and controller 1, and during which the session is valid.
[0027] Processor 20 has certificate authentication unit
201, validity period setting unit 202, shared key authen-
tication unit 203, and update processor 204 as a logical
structure. Processor 20 includes of a processing device
such as a CPU.
[0028] Certificate authentication unit 201 performs mu-
tual authentication with controller 1 using public key cer-
tificate 222 and public key certificate 122 of controller 1
which is to be authenticated, thereby generating a shared
key shared with controller 1. Valid period setting unit 202
sets the validity period of either one of public key certif-
icate 222 and public key certificate 122 to a shared key
generated by certificate authentication unit 201.
[0029] When the validity period set in the shared key
has not expired, shared key authentication unit 203 per-
forms mutual authentication with device 2 not using pub-
lic key certificate 222 and public key certificate 122, but
using the shared key generated by certificate authenti-
cation unit 201. When the validity period set in the shared
key has expired, update process part 204 updates public
key certificate 222 to new public key certificate 222.

(Authentication Method)

[0030] An authentication method by an authentication
system according to this embodiment will be described
with reference to the sequence diagram of FIG. 7.
[0031] First, in step S1, certificate authentication unit
201 of device 2 transmits an authentication request for
requesting authentication using a public key certificate,
and device ID of itself and public key certificate 222 to
controller 1 via communication unit 21. Communication
unit 11 of controller 1 receives the authentication request,
device ID, and public key certificate 222 transmitted from
device 2 in step S1.
[0032] In step S2, certificate authentication unit 101 of
controller 1 performs mutual authentication using certif-
icate authentication unit 201, public key certificate 122,
and public key certificate 222 according to the authenti-
cation request obtained via communication unit 11. The
mutual authentication in step S2 is mutual authentication
based on the public key infrastructure (PKI).
[0033] Certificate authentication unit 101 and certifi-
cate authentication unit 201 check the validity of each
public key certificate, and when mutual authentication is
successful, generate a shared key by the key exchange
method. Valid period setting unit 102 and validity period
setting unit 202 sets the validity period of either one of
public key certificate 122 and public key certificate 222
to the shared key shared by controller 1 and device 2 by
certificate authentication unit 101 and certificate authen-
tication unit 201. It is to be noted that when the mutual

authentication using the public key certificate is failed,
certificate authentication unit 101 and certificate authen-
tication unit 201 complete the processing.
[0034] In step S3, when the validity period set in the
shared key shared by controller 1 and device 2 has not
expired, shared key authentication unit 103 and shared
key authentication unit 203 perform mutual authentica-
tion using the shared key without using public key certif-
icate 122 and public key certificate 222. Shared key au-
thentication unit 103 and shared key authentication unit
203 check the validity of each shared key, and when mu-
tual authentication is successful, sets a group key, a ses-
sion key, and a session validity period as necessary.
When the mutual authentication using the shared key is
failed, shared key authentication unit 103 and shared key
authentication unit 203 complete the processing.
[0035] In step S4, shared key authentication unit 203
registers the shared key, the set group key, the session
key and the session validity period as registration infor-
mation 223 in association with the controller ID of con-
troller 1 and certificate ID of public key certificate 122.
[0036] In step S5, shared key authentication unit 103
transmits the controller ID of controller 1, certificate ID of
public key certificate 122, device ID of device 2, and cer-
tificate ID of public key certificate 222 to server 4 via
communication unit 11. At this point, communication unit
11 performs SSL (Secure Socket Layer) communication
with server 4.
[0037] In step S6, shared key authentication unit 103
registers the shared key, the set group key, the session
key, and the session validity period as registration infor-
mation 223 in association with the device of device 2,
and certificate ID of public key certificate 222.
[0038] In step S7, server 4 receives the controller ID
of controller 1, certificate ID of public key certificate 122,
device ID of device 2, and certificate ID of public key
certificate 222 that have been transmitted in step S5, and
registers device 2 and controller 1 as the authenticated
communication devices. It is to be noted that the opera-
tion in step S5 and step S7 may be omitted.

(Mutual Authentication Using Public Key Certificate)

[0039] An example of processing of mutual authenti-
cation using a public key certificate in step S2 of the se-
quence diagram of FIG. 7 will be described with reference
to the sequence diagram of FIG. 8.
[0040] In step S21, certificate authentication unit 101
verifies the validity of public key certificate 222 transmit-
ted from device 2 by a certificate revocation list (CRL).
In addition, certificate authentication unit 101 verifies the
validity period of public key certificate 222. When public
key certificate 222 is verified as valid, certificate authen-
tication unit 101 proceeds the processing to step S22,
and when public key certificate 222 is determined to be
revoked, certificate authentication unit 101 completes the
processing.
[0041] In step S22, certificate authentication unit 101
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verifies the signature of public key certificate 222 using
the public key of server 4. When the signature of public
key certificate 222 is verified as valid, certificate authen-
tication unit 101 proceeds the processing to step S23,
and when the signature is determined to be revoked, cer-
tificate authentication unit 101 completes the processing.
[0042] In step S23, certificate authentication unit 101
transmits the controller ID of controller 1 and public key
certificate 122 to device 2 which has transmitted the au-
thentication request via communication unit 11. Certifi-
cate authentication unit 201 of device 2 obtains the con-
troller ID and public key certificate 122 via communication
unit 21 transmitted from controller 1.
[0043] In step S24, certificate authentication unit 201
verifies the validity of public key certificate 122 by the
CRL, and validity period. When public key certificate 222
is verified as valid, certificate authentication unit 201 pro-
ceeds the processing to step S25, and when public key
certificate 222 is determined to be revoked, certificate
authentication unit 201 completes the processing.
[0044] In step S25, certificate authentication unit 201
verifies the signature of public key certificate 122 using
the public key of server 4. When the signature of public
key certificate 122 is verified as valid, certificate authen-
tication unit 201 proceeds the processing to step S26,
and when the signature is determined to be revoked, cer-
tificate authentication unit 201 completes the processing.
[0045] In step S26, certificate authentication unit 201
transmits to controller 1 a notification of success for no-
tifying that verification of public key certificate 122 is suc-
cessful. It is to be noted that the electronic signature
method and the verification method in step S21 to step
S26 are based on the elliptic curve digital signature al-
gorithm (ECDSA).
[0046] In step S27 and step S28, certificate authenti-
cation unit 101 and certificate authentication unit 201
generate a shared key by the key exchange method. The
key exchange method can be the elliptic curve Diffie-
Hellman key exchange (ECDH) method. Also, the shared
key is assumed to use a key length of 128 bits of the
advanced encryption standard (AES), and a hash value
is calculated from the shared value, and the upper 128
bits of the calculated hash value can be the shared key.
[0047] Valid period setting unit 102 and validity period
setting unit 202 set the validity period of either one of
public key certificate 122 and public key certificate 222
to the shared key generated by certificate authentication
unit 101 and certificate authentication unit 201. Validity
period setting unit 102 and validity period setting unit 202
set, for instance, the shorter one of the validity periods
of public key certificate 122 and public key certificate 222
as the validity period of the shared key. Memory 12 and
memory 22 store the shared key and the validity period
set in the shared key in association with each other.

(Mutual Authentication Using Shared Key)

[0048] An example of processing of mutual authenti-

cation using the shared key in step S3 of the sequence
diagram of FIG. 7 will be described with reference to the
sequence diagram of FIG. 9. The mutual authentication
using a shared key is performed by the challenge re-
sponse authentication method.
[0049] In step S301 and step S302, shared key au-
thentication unit 103 and shared key authentication unit
203 check the validity period set in the shared key. The
validity period is checked at a predetermined timing. The
validity period may be checked at the time of update of
a session of communication between controller 1 and
device 2, for instance.
[0050] When the validity period of the shared key has
expired, certificate authentication unit 101 stops the cur-
rent processing, and stays on standby for a new authen-
tication request from device 2. Alternatively, certificate
authentication unit 101 may transmit a new authentica-
tion request to device 2 by using the current public key
certificate 122. When the validity period has not expired,
shared key authentication unit 103 proceeds the process-
ing to step S303. In step S303, shared key authentication
unit 103 generates arbitrary random number A, and
transmits the random number A to device 2 via commu-
nication unit 11.
[0051] In step S304, shared key authentication unit 203
encrypts random number A transmitted from controller 1
and obtained via communication unit 21, using the
shared key, and calculates encrypted random number a.
In addition, shared key authentication unit 203 generates
arbitrary random number B. In step S305, shared key
authentication unit 203 transmits the calculated encrypt-
ed random number a and the generated random number
B to controller 1 via communication unit 21.
[0052] In step S306, shared key authentication unit 103
obtains the encrypted random number a and random
number B transmitted from device 2 via communication
unit 11, and decrypts the encrypted random number a
using the shared key. When a decryption result matches
random number A, verification of random number A is
successful, and shared key authentication unit 103 pro-
ceeds the processing to step S307, and when the de-
cryption result does not match random number A, shared
key authentication unit 103 completes the processing.
[0053] In step S307, shared key authentication unit 103
encrypts random number B transmitted from device 2
using the shared key, and calculates encrypted random
number b.
[0054] In step S308, shared key authentication unit 103
generates a group key when necessary. The group key
can use the key length of 128 bits of AES, for instance.
Alternatively, shared key authentication unit 103 refers
to registration information 123 and obtains a group key
already generated. In step S309, shared key authentica-
tion unit 103 generates a session key. The session key
can use the key length of 128 bits of AES, for instance.
[0055] In step S310, shared key authentication unit 103
sets a predetermined session validity period (for in-
stance, 24 hours, 72 hours, etc.). In step S311, shared
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key authentication unit 103 encrypts the group key and
the session key obtained in step S308 and step S309
using the shared key. It is to be noted that the processing
in step S308 to step S311 is performed when a group
key and a session key need to be generated for commu-
nication, and may be omitted.
[0056] In step S312, shared key authentication unit 103
transmits the encrypted random number b, the encrypted
group key and session key, and the session validity pe-
riod to device 2 via communication unit 11. Communica-
tion unit 21 of device 2 receives the encrypted random
number b, the encrypted group key and session key, and
the session validity period transmitted from controller 1.
[0057] In step S313, shared key authentication unit 203
decrypts the encrypted random number b obtained from
communication unit 21 using the shared key. When a
decryption result matches random number B, verification
of random number B is successful, and shared key au-
thentication unit 203 proceeds the processing to step
S314, and when the decryption result does not match
random number B, shared key authentication unit 203
completes the processing.
[0058] In step S314, shared key authentication unit 203
decrypts the encrypted group key and session key using
the shared key. In step S315, shared key authentication
unit 203 transmits to controller 1 a notification of success
for notifying that verification of random number B is suc-
cessful.

(Processing When Validity Period Has Expired)

[0059] An example of another processing when the va-
lidity period has expired as a result of checking the validity
period of the shared key in step S301 and step S302 in
the sequence diagram of FIG. 9 will be described with
reference to the sequence diagram of FIG. 10.
[0060] In step S11, update processor 104 generates a
new public key corresponding to new secret key 121 and
new secret key 121. In step S12, update processor 104
transmits the generated new public key to server 4 via
communication unit 11.
[0061] In step S13, server 4 receives the public key
transmitted in step S12, affixes the signature of server 4
to the public key, and issues new public key certificate
122. In step S14, server 4 transmits new public key cer-
tificate 122 to controller 1.
[0062] In step S15, update processor 104 receives new
public key certificate 122 transmitted in step S14, and
replaces public key certificate 122 already stored in mem-
ory 12 with new public key certificate 122 to be stored.
In this manner, controller 1 performs mutual authentica-
tion with device 2 using new valid public key certificate
122, and can generate a shared key with a new validity
period set.
[0063] With the authentication system according to this
embodiment, setting the validity period of public key cer-
tificate 122 or public key certificate 222 in a shared key
allows mutual authentication to be performed with the

shared key in consideration of the validity period of the
public key certificates, and thus the safety and reliability
of communication can be improved.
[0064] In addition, with the authentication system ac-
cording to this embodiment, the safety and reliability of
communication can be further improved by setting the
shorter one of the validity periods of public key certificate
122 and public key certificate 222 in the shared key.
[0065] In addition, with the authentication system ac-
cording to this embodiment, checking of the validity pe-
riod every session update allows the efficiency in detect-
ing an invalid shared key to be improved, and thus the
safety and reliability of communication can be further im-
proved.

«Support of Legacy Device»

[0066] In practical operational environment, devices
that support and devices that do not support the above-
described mutual authentication (hereinafter referred to
as "device authentication") using an electronic certificate
are mixed. Even in such an environment, it is desirable
that the devices not supporting the device authentication
be safely operated.
[0067] Hereinafter, a communication system accord-
ing to this embodiment will be described. In the following
description, a device supporting the mutual authentica-
tion is referred to as an "authentication support device",
and a device not supporting the mutual authentication is
referred to as a "legacy device". The device authentica-
tion is as described in «Basic Configuration».

(Communication System)

[0068] FIG. 11 is a conceptual diagram for explaining
a case where support for a legacy device is necessary
in the communication system according to this embodi-
ment. Here, as illustrated on the left side of FIG. 11, a
case is assumed where a communication system in-
cludes only legacy devices, such as controller (legacy)
31, device (legacy) 32, and media converter (legacy) 33.
[0069] In such a communication system, case 1 indi-
cates a case where new device (supporting the device
authentication) 42 is newly introduced. It is prohibited to
operate new device 42 (supporting the mutual authenti-
cation) from controller (legacy) 31, thus a problem arises
in that the newly introduced new device (supporting the
device authentication) 42 cannot be operated. To cope
with this problem, the firmware of controller (legacy) 31
may be updated or replaced.
[0070] Next, case 2 indicates a case where new con-
troller (supporting the device authentication) 41 is newly
introduced. Although new controller (supporting the de-
vice authentication) 41 supports the device authentica-
tion, a legacy device such as device (legacy) 32 does
not support the device authentication. Therefore, mutual
authentication between new controller (supporting the
device authentication) 41 and device (legacy) 32 will fail.
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That is, a problem arises in that a legacy device cannot
be operated from newly introduced new controller (sup-
porting the device authentication) 41. To cope with this
problem, the operation of a legacy device by new con-
troller (supporting the device authentication) 41 may be
conditionally permitted (which will be described later).
[0071] Lastly, case 3 indicates a case where new de-
vice (supporting the device authentication) 42 and new
controller (supporting the device authentication) 41 are
newly introduced. Since a legacy device, such as device
(legacy) 32 is mixed also in case 3, the same problem
arises as in case 2.

(New Controller)

[0072] FIG. 12 is a block diagram illustrating the fun-
damental configuration of new controller (supporting the
device authentication) 41 included in the communication
system according to this embodiment. New controller
(supporting the device authentication) 41 is a controller
which performs encrypted communication with a device
which has succeeded in mutual authentication using an
electronic certificate, and the controller includes proces-
sor 10, communication unit 11, memory 12, and display
13 as illustrated in FIG. 12. Processor 10 includes deter-
mining unit 105, functional restriction unit 106, and
screen generator 107. Memory 12 includes whitelist 124
and functional restriction information 125.
[0073] Determining unit 105 determines whether or not
a communication target device with which communica-
tion is to be performed is an authentication support de-
vice. When the communication target device is deter-
mined not to be an authentication support device by de-
termining unit 105, functional restriction unit 106 imposes
restrictions on the functions operable from new controller
(supporting the device authentication) 41 among the
functions of the communication target device. Commu-
nication unit 11 performs communication with the com-
munication target device in an unencrypted form under
the functional restriction imposed by functional restriction
unit 106. Thus, a legacy device and new controller (sup-
porting the device authentication) 41 are connected, and
the operation of the legacy device by new controller (sup-
porting the device authentication) 41 can be conditionally
permitted.
[0074] Screen generator107 generates various
screens. Display 13 is a display device that displays var-
ious screens generated by screen generator 107.
Whitelist 124 is an authorization list in which information
(such as a manufacturer, and a model number) on de-
vices in conformity with a specific standard such as AIF
is listed. Functional restriction information 125 is infor-
mation that defines functional restriction with different
levels of tightness according to stepwise security levels,
and the information is referred to by functional restriction
unit 106. Each of other processors is as described in
«Basic Configuration».
[0075] It is to be noted that new controller (supporting

the device authentication) 41 and display 13 may not be
integrated. In other words, display 13 may be a display
device capable of communicating with new controller
(supporting the device authentication) 41, and may be,
for instance, a separate terminal, such as a smartphone.

(AIF)

[0076] An air conditioner, an illuminator, a storage bat-
tery, a water heater, an electric vehicle charger/discharg-
er, a fuel cell, solar power generation, and a smart meter
are placed as devices for which interconnection is more
important in HEMS. AIF (Application Interface) is a spec-
ification that defines the usage of such important devices
at the application level of ECHONET-Lite for improve-
ment of interconnectivity.
[0077] It can be stated that a device supporting the AIF
has a higher authentication function than a legacy device
in conformity with universal ECHONET-Lite standard
does. Therefore, the functional restriction for a device
supporting the AIF is more relaxed than the functional
restriction for a legacy device.
[0078] Specifically, when the communication target
device is determined not to be an authentication support
device, determining unit 105 further determines whether
the communication target device is an authorized device
matching one type in the authorization list (whitelist 124)
or an unauthorized device (legacy device) not matching
any type in the authorization list. In this manner, when
the communication target device is determined to be an
authorized device by determining unit 105, less functional
restriction can be imposed, as compared with the case
where the communication target device is determined to
be an unauthorized device.

(Connection Example)

[0079] Hereinafter, the configuration of new controller
(supporting the device authentication) 41 along with its
operation will be described. Here, as illustrated in FIG.
13, an environment is assumed, in which various devices,
such as new device (supporting the device authentica-
tion) 42, device (supporting AIF) 52, and device (legacy)
32, are present in an intermingled manner. Also, it is as-
sumed that device authentication is performed by a trig-
ger of button press.
[0080] First, a user is assumed to press the buttons of
new controller (supporting the device authentication) 41
and new device (supporting the device authentication)
42. Thus, new controller (supporting the device authen-
tication) 41 performs device authentication with new de-
vice (supporting the device authentication) 42, thereby
determining whether or not new device 42 is an authen-
tication support device (step S31 -> S32 -> S33 in FIG.
14). When receiving device ID and public key certificate
222 from new device (supporting the device authentica-
tion) 42, new controller 41 determines that new device
42 is an authentication support device (YES in step S33
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in FIG. 14). When new device 42 is determined to be an
authentication support device like this, the security level
is determined to be "3" (step S34 in FIG. 14), and new
controller 41 is connected to new device (supporting the
device authentication) 42 as in the normal manner. In
this case, connection can be made safely by encrypted
communication.
[0081] Next, a user is assumed to press the buttons of
new controller (supporting the device authentication) 41
and device (supporting the AIF) 52. Thus, new controller
(supporting the device authentication) 41 performs de-
vice authentication with device (supporting the AIF) 52,
thereby determining whether or device 52 is an authen-
tication support device (step S31 -> S32 -> S33 in FIG.
14). When receiving a plain text from device (supporting
the AIF) 52, new controller 41 determines that device 52
is not an authentication support device (NO in step S33
in FIG. 14). That is, when a plain text (a packet in con-
formity with ECHONET) is received at the start of mutual
authentication, determination is made such that device
52 is not an authentication support device. When device
52 is determined not to be an authentication support de-
vice like this, new controller 41 further determines wheth-
er or not device 52 is an authorized device (supporting
the AIF) matching one type in whitelist 124 (step S35 in
FIG. 14). The determination as to whether device 52 sup-
ports AIF is made based on a packet in conformity with
ECHONET received from device (supporting the AIF) 52.
At this point, if it is not possible to determine that device
52 supports the AIF, further information may be obtained
from device (supporting the AIF) 52. Since device (sup-
porting the AIF) 52 matches one type in whitelist 124,
device 52 is determined to be an authorized device (sup-
porting the AIF) (YES in step S35 in FIG. 14). When de-
vice 52 is determined to be an authorized device (sup-
porting the AIF) like this, the security level is determined
to be "2" (step S36 in FIG. 14), and new controller 41 is
connected to device (supporting the AIF) 52 with confir-
mation by a user. It is to be noted that in this case, new
controller 41 is connected to device (supporting the AIF)
52 with functional restriction.
[0082] Next, a user is assumed to press the buttons of
new controller (supporting the device authentication) 41
and device (legacy) 32. Thus, new controller (supporting
the device authentication) 41 performs device authenti-
cation with device (legacy) 32, thereby determining
whether or device 32 is an authentication support device
(step S31 -> S32 -> S33 in FIG. 14). When a plain text
is received from device (legacy) 32, device 32 is deter-
mined not to be an authentication support device (NO in
step S33 in FIG. 14), it is further determined whether or
not device 32 is an authorized device (supporting the
AIF) matching one type in whitelist 124 (step S35 in FIG.
14). Since device (legacy) 32 does not match any type
in whitelist 124, device 32 is determined not to be an
authorized device (supporting the AIF) (NO in step S35
in FIG. 14). When device 32 is determined not to be an
authorized device (supporting the AIF) like this, the se-

curity level is determined to be "1" (step S37 in FIG. 14),
and new controller 41 is connected to device (legacy) 32
with confirmation by a user.
[0083] As described above, in the communication sys-
tem according to this embodiment, a stepwise security
level is determined, and functional restriction with a dif-
ferent level of tightness is imposed according to the step-
wise security level. Consequently, even in an environ-
ment in which devices supporting the device authentica-
tion and devices not supporting the device authentication
are present in an intermingled manner, the devices not
supporting the device authentication can be safely oper-
ated.
[0084] When a problem arises in a period (operational
matter) of connection to device (legacy) 32 and device
(supporting the AIF) 52, connection may be cut off from
new controller (supporting the device authentication) 41.
In other words, even if functional restriction and user con-
firmation are provided, when restriction is not allowed for
a predetermined period, the connection is supposed to
be cut off. Consequently, the devices not supporting the
device authentication can be more safely operated.

(Screen Example)

[0085] FIG. 15 is a diagram illustrating a screen exam-
ple displayed on display 13 of new controller (supporting
the device authentication) 41. As already described,
when connection to device (legacy) 32 or device (sup-
porting the AIF) 52 is made, a user is asked if connection
to these devices is permitted. For instance, when device
(supporting the AIF) 52 is air conditioner B, as illustrated
in FIG. 15, a message such as "Air conditioner B does
not support new connection method. Would you like air
conditioner B to be connected?" may be displayed on
display 13, and "YES" or "NO" may be selected by a user.
When "YES" is selected on confirmation screen 13A,
communication with device (supporting the AIF) 52 is per-
formed.
[0086] Specifically, since device (legacy) 32 and de-
vice (supporting the AIF) 52 do not support the device
authentication, an error is received from new controller
(supporting the device authentication) 41, or timeout oc-
curs after a certain period of time. Even in this case, con-
firmation screen 13A may be popped up on display 13
of new controller (supporting the device authentication)
41, and device (legacy) 32 and device (supporting the
AIF) 52 can be connected to new controller (supporting
the device authentication) 41 after check by a user.
[0087] Here, although a user is asked if connection to
the devices is permitted, the confirmation screen is not
limited to this. For instance, a message prompting to up-
date or exchange the firmware of device (legacy) 32 or
device (supporting the AIF) 52 may be displayed on dis-
play 13. Thus, when device (legacy) 32 or device (sup-
porting the AIF) 52 is replaced with new device (support-
ing the device authentication) 42, connection can be
made safely by encrypted communication.
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[0088] FIG. 16 is a diagram illustrating another screen
example displayed on display 13 of new controller (sup-
porting the device authentication) 41. As illustrated in
FIG. 16, confirmation screen 13B for checking the list of
functional restriction imposed by functional restriction
unit 106 may be displayed on display 13. The list of such
functional restriction can be generated based on func-
tional restriction information 125. Here, a case is exem-
plified in which "security level", "functional restriction",
and "device deletion" are associated with each device.
In confirmation screen 13B, it is also possible to change
(including releasing) "functional restriction" based on us-
er responsibility. When "functional restriction" is changed
by a user, communication is performed with the functional
restriction after changed.

(Functional Restriction Information)

[0089] FIG. 17 is a diagram illustrating an example of
functional restriction information 125 stored in memory
12 of new controller (supporting the device authentica-
tion) 41. Functional restriction information 125 is a table
that defines functional restriction with different levels of
tightness according to stepwise security levels. Function-
al restriction information 125 is defined for each of de-
vices such as, an air conditioner, a storage battery, solar
power generation, and an instantaneous water heater.
In this manner, new controller (supporting the device au-
thentication) 41 can achieve functional restriction accord-
ing to the characteristics of each device.
[0090] As illustrated in FIG. 17, "functional restriction
imposed" for the case of security level 1, "partial func-
tional restriction imposed" for the case of security level
2, and "no functional restriction imposed" for the case of
security level 3. Specifically, in the case of security level
1, new controller (supporting the device authentication)
41 permits only an acquisition command for fundamental
information (operating state and setting information). Al-
so, in the case of security level 2, new controller (sup-
porting the device authentication) 41 permits operation-
related and setting-related partial commands in addition
to the commands in the case of security level 1. However,
acquisition of information on billing and privacy, and set-
ting and changing of a driving operational state are pro-
hibited. This is because in the case other than the security
level 3 (the case not supporting the device authentica-
tion), there is a possibility of falsification of a command.
Hereinafter, the functional restriction will be described in
more detail for each of devices such as, an air condition-
er, a storage battery, solar power generation, and an in-
stantaneous water heater.
[0091] For an air conditioner, in the case of security
level 1, new controller (supporting the device authenti-
cation) 41 permits acquisition of information only, and
prohibits all operation-related commands. Also, in the
case of security level 2, not unsafe temperature setting
in the upper and lower limit temperature range is permit-
ted.

[0092] For a storage battery, in the case of security
level 1, new controller (supporting the device authenti-
cation) 41 permits acquisition of fundamental information
only, and prohibits acquisition of electric energy informa-
tion on operation-related or billing such as power pur-
chase and sale. Also, in the case of security level 2, an
unsafe operation and an operation which may have an
effect on the power system are prohibited.
[0093] For solar power generation, in the case of se-
curity level 1, new controller (supporting the device au-
thentication) 41 permits acquisition of fundamental infor-
mation only. Also, in the case of security level 2, acqui-
sition of an integrated generated electric energy meas-
urement value related to billing is prohibited.
[0094] For an instantaneous water heater, in the case
of security level 1 as well as security level 2, new con-
troller (supporting the device authentication) 41 permits
acquisition of fundamental information only, and prohibits
bath automatic mode setting which may allow an opera-
tion of a water heater not intended by a user.
[0095] As described above, new controller (supporting
the device authentication) 41 included in the communi-
cation system according to this embodiment is a control-
ler which performs encrypted communication with a de-
vice which has succeeded in mutual authentication using
an electronic certificate, and the controller includes de-
termining unit 105, functional restriction unit 106, and
communication unit 11. Determining unit 105 determines
whether or not a communication target device is an au-
thentication support device that supports the mutual au-
thentication. When the communication target device is
determined not to be an authentication support device
by determining unit 105, functional restriction unit 106
imposes restrictions on the functions operable from new
controller (supporting the device authentication) 41
among the functions of the communication target device.
Communication unit 11 performs communication in plain
text with the communication target device under the func-
tional restriction imposed by functional restriction unit
106. Consequently, even in an environment in which de-
vices supporting the device authentication and devices
not supporting the device authentication are present in
an intermingled manner, the devices not supporting the
device authentication can be safely operated.
[0096] Also, when the communication target device is
determined not to be an authentication support device,
determining unit 105 may further determine whether the
communication target device is an authorized device
matching one type in whitelist 124 or a legacy device not
matching any type in whitelist 124. When the communi-
cation target device is determined to be an authorized
device by determining unit 105, functional restriction unit
106 may impose less functional restrictions, as compared
with the case where the communication target device is
determined to be a legacy device. Thus, for instance the
functional restrictions for a device supporting the AIF can
be more relaxed than the functional restrictions for a leg-
acy device.
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[0097] Also, when the communication target device is
determined to be a legacy device by determining unit
105, functional restriction unit 106 may permit only an
acquisition command for an operational state and setting
information. This allows to reduce the possibility of dam-
age to the legacy device as much as possible.
[0098] Also, when the communication target device is
determined to be an authorized device by determining
unit 105, in addition to an acquisition command for an
operational state and setting information, functional re-
striction unit 106 may permit operation-related and set-
ting-related commands (however, acquisition of informa-
tion on billing and privacy, and setting and changing of
a driving operational state are excluded). This allows to
reduce the possibility of damage to the authorized device
and to utilize a command according to the characteristics
of the authorized device.
[0099] In addition, when the communication target de-
vice is determined not to be an authentication support
device by determining unit 105, confirmation screen 13A
may be displayed on display 13 capable of communicat-
ing with new controller (supporting the device authenti-
cation) 41 to ask a user whether connection to the com-
munication target device is permitted. This allows con-
nection to the communication target device to be permit-
ted with confirmation by a user, and thus it is possible to
avoid inconvenience of functional restrictions imposed
more than necessary.
[0100] In addition, confirmation screen 13B may be dis-
played on display 13 capable of communicating with new
controller (supporting the device authentication) 41 to
change the functional restrictions imposed by functional
restriction unit 106. This allows the functional restrictions
to be changed (including released) with confirmation by
a user, and thus it is possible to avoid inconvenience of
functional restrictions imposed more than necessary.
[0101] Also, when a packet in conformity with ECHO-
NET is received at the start of mutual authentication, de-
termining unit 105 may determine that the communica-
tion target device is not the authentication support device.
Thus, it is possible to determine whether the communi-
cation target device is an authentication support device
reliably and easily.
[0102] It is to be noted that in the above description,
one of three-staged security levels is determined accord-
ing to whether the communication target device is an
authentication support device, an authorized device, or
a legacy device. However, the security levels may be in
two stages or more. When some functional restrictions
are imposed, the same effect is obtained excluding the
case of the highest security level.
[0103] Although a device supporting the AIF has been
exemplified as an authorized device, as long as a device
is in conformity with a certain standard, the device can
be adopted as an authorized device. When multiple types
of authorized devices are adopted, different security lev-
els may be set for the authorized devices. In this case,
needless to say, functional restriction with different levels

of tightness may be imposed according to the different
security levels for the authorized devices.
[0104] Although confirmation screen 13A is displayed
when connection is made to device (legacy) 32 and de-
vice (supporting the AIF) 52 (see FIG. 15), different con-
firmation screens may be displayed for the case of con-
nection to device (legacy) 32 and the case of connection
to device (supporting the AIF) 52. This makes it more
difficult for a user to permit connection for a lower security
level.
[0105] Also, when a packet in conformity with ECHO-
NET is received at the start of the mutual authentication,
determining unit 105 is supposed to determine that the
communication target device is not the authentication
support device. However, the timing of determination and
the method of determination as to the authentication sup-
port device are not particularly limited. For instance,
when device (legacy) 32 or device (supporting the AIF)
52 is in conformity with a standard other than ECHONET,
it is sufficient to determine whether a packet in conformity
with the standard other than ECHONET is received.
[0106] Also, the invention can be implemented not only
as new controller (supporting the device authentication)
41, but also as a communication method including steps
corresponding to characteristic processors included in
new controller (supporting the device authentication) 41,
and as a communication program that causes a computer
to execute those steps. Needless to say, such a program
can be distributed via a recording media, such as a CD-
ROM and a transmission medium, such as the Internet.

(Other Embodiments)

[0107] Although the embodiment has been described
above, it should be understood that the discussions and
drawings that form part of the disclosure do not limit the
embodiment. Various alternative embodiments, exam-
ples, and operational techniques will be apparent to those
skilled in the art from the disclosure.
[0108] For instance, in the embodiment already de-
scribed, the sequence diagrams of FIGs. 7 to 10 may be
modified so that even when controller 1 and device 2 are
reversed, the same processing can be performed.
[0109] Needless to say, in addition to the above em-
bodiment, the invention may include various embodi-
ments which are not described here. Therefore, the tech-
nical scope of the present embodiment is defined only
by the invention specific matter related to the appended
claims, reasonably inferred from the above description.

REFERENCE MARKS IN THE DRAWINGS

[0110]

11, 21 communication unit
13 display
13A, 13B confirmation screen
41 new controller (supporting device authenti-
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cation), controller
105 determining unit
106 functional restriction unit
124 whitelist (authorization list)

Claims

1. A controller which performs encrypted communica-
tion with a device which has succeeded in mutual
authentication using an electronic certificate, the
controller comprising:

a determining unit which determines whether or
not a communication target device with which
communication is to be performed is an authen-
tication support device that supports the mutual
authentication;
a functional restriction unit which, when the com-
munication target device is determined not to be
the authentication support device by the deter-
mining unit, imposes a functional restriction on
one or more functions of the communication tar-
get device which are operable by the controller;
and
a communication unit which performs commu-
nication in plain text with the communication tar-
get device with the functional restriction im-
posed by the functional restriction unit.

2. The controller according to claim 1,
wherein when determining that the communication
target device is not the authentication support de-
vice, the determining unit further determines whether
the communication target device is an authorized
device matching one type in an authorization list or
an unauthorized device not matching any type in the
authorization list, and
when the communication target device is determined
to be the authorized device by the determining unit,
the functional restriction unit imposes less functional
restriction on the communication target device, as
compared to when the communication target device
is determined to be the unauthorized device.

3. The controller according to claim 2,
wherein when the communication target device is
determined to be the unauthorized device by the de-
termining unit, the functional restriction unit permits
only an acquisition command for an operational state
and setting information.

4. The controller according to claim 2,
wherein when the communication target device is
determined to be the authorized device by the de-
termining unit, in addition to an acquisition command
for an operational state and setting information, the
functional restriction unit permits operation-related

and setting-related commands excluding acquisition
of information on billing and privacy, and setting and
changing of a driving operational state.

5. The controller according to any one of claims 1 to 4,
wherein when the communication target device is
determined not to be the authentication support de-
vice by the determining unit, a confirmation screen
is displayed on a display capable of communicating
with the controller to further ask a user whether con-
nection to the communication target device is per-
mitted.

6. The controller according to any one of claims 1 to 5,
wherein a confirmation screen is displayed on a dis-
play capable of communicating with the controller to
further change the functional restriction imposed by
the functional restriction unit.

7. The controller according to any one of claims 1 to 6,
wherein when a packet in conformity with ECHONET
is received at start of the mutual authentication, the
determining unit determines that the communication
target device is not the authentication support de-
vice.

8. A communication method performed by a controller
when the controller performs encrypted communica-
tion with a device which has succeeded in mutual
authentication using an electronic certificate, the
method comprising:

determining by the controller whether or not a
communication target device with which com-
munication is to be performed is an authentica-
tion support device that supports the mutual au-
thentication;
when the communication target device is deter-
mined not to be the authentication support de-
vice in the determining by the controller, impos-
ing a functional restriction on one or more func-
tions of the communication target device which
are operable by the controller; and
performing communication in plain text with the
communication target device with the functional
restriction in the imposing.

9. The communication method according to claim 8,
further comprising
when the communication target device is determined
not to be the authentication support device in the
determining, displaying a confirmation screen on a
display capable of communicating with the controller
to ask a user whether connection to the communi-
cation target device is permitted.

10. The communication method according to claim 8 or
9, further comprising
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displaying a confirmation screen on a display capa-
ble of communicating with the controller to change
the functional restriction in the imposing.

11. A communication system including a controller
which performs encrypted communication with a de-
vice which has succeeded in mutual authentication
using an electronic certificate,
the controller comprising:

a determining unit which determines whether or
not a communication target device with which
communication is to be performed is an authen-
tication support device that supports the mutual
authentication;
a functional restriction unit which, when the com-
munication target device is determined not to be
the authentication support device by the deter-
mining unit, imposes a functional restriction on
one or more functions of the communication tar-
get device which are operable by the controller;
and
a communication unit which performs commu-
nication in plain text with the communication tar-
get device with the functional restriction im-
posed by the functional restriction unit.
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