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(54) Access control method and mobile terminal which employs an access control method

(57) An access control method for accessing an em-
bedded system includes: performing a first access con-
trol operation for an access system by a first authentica-
tion subject, wherein the first access control operation
includes performing a first authentication for the access
system; when the first access control operation is
passed, receiving at the first authentication subject a re-
sult of a second access control operation for the access
system which is performed by a second authentication

subject that is separate from the first authentication sub-
ject performing a second authentication for authenticat-
ing whether the access system is an access system that
is authenticated by a second authentication subject that
is separate from the first authentication subject, and re-
ceiving the result of the authentication; and allowing the
access system to access the embedded system if the
first authentication and the second authentication are
successful.



EP 2 779 568 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is based on and claims priority
from Korean Patent Application No. 10-2013-0027433,
filed on March 14, 2013 in the Korean Intellectual Prop-
erty Office, the disclosure of which is incorporated herein
in its entirety by reference.

BACKGROUND

1. Technical Field

[0002] The present invention relates to an access con-
trol method, and an apparatus such as a mobile terminal
which employs an access control method.

2. Description of the Prior Art

[0003] Most embedded systems have debugging ports
for debugging. In the case where debugging equipment
is used, it becomes possible to read in real time informa-
tion in an embedded system through a debugging port
and also to change a specific register value in the em-
bedded system.
[0004] If such a debugging port is not used for debug-
ging only in a development stage, but is used to crack
firmware or to steal an encryption key, security functions
of products having the security functions, such as Digital
Rights Management (DRM), Full Disk Encryption (FDE),
and the like, may be easily neutralized.

SUMMARY

[0005] Accordingly, it would be desirable to provide an
access control method having improved security per-
formance.
[0006] It also would be desirable to provide a mobile
terminal having improved security performance.
[0007] Advantages, subjects, and features of the in-
vention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following
or may be learned from practice of the invention. Accord-
ing to an aspect of the present invention, there is provided
an access control method comprising: performing a first
access control operation for an access system by a first
authentication subject, wherein the first access control
operation includes performing a first authentication for
the access system; when the first access control opera-
tion is passed, receiving at the first authentication subject
a result of a second access control operation for the ac-
cess system which is performed by a second authenti-
cation subject that is separate from the first authentica-
tion subject; and allowing the access system to access
the first authentication subject when the first access con-
trol operation and the second access control operation

are passed.
[0008] According to another aspect of the present in-
vention, there is provided a mobile terminal, which con-
trols debugging by an access system that accesses the
mobile terminal through a debugging port, comprising: a
first storage in which is stored a processing module for
performing authentication with respect to the access sys-
tem; a second storage in which is stored an authentica-
tion element for the access system; and a counter con-
figured to count the number of times the access system
accesses the debugging port, wherein the authentication
element stored in the second storage can be accessed
only by the processing module.
[0009] According to still another aspect of the inven-
tion, an apparatus is provided including an embedded
system. The apparatus comprises: a debugging system
configured to be utilized to debug the embedded system;
a debug port configured to selectively interface the de-
bugging system to an access system external to the ap-
paratus; and a debugging access control device config-
ured to selectively enable access to the debugging sys-
tem by the access system via the debug port when an
access control process for the access system is passed,
The debugging access control device includes: a first
storage in which is stored a processing module for per-
forming authentication with respect to the access system;
a second storage in which is stored an authentication
element for the access system; and a counter configured
to count the number of times the access system accesses
the debugging port, wherein the authentication element
stored in the second storage can be accessed only by
the processing module.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The above and other objects, features and ad-
vantages of the present invention will be more apparent
from the following detailed description taken in conjunc-
tion with the accompanying drawings, in which:

FIG. 1 is a conceptual view illustrating an access
control system according to an embodiment of the
present invention;
FIG. 2 is a block diagram illustrating the detailed con-
figuration of an embedded system of FIG. 1;
FIG. 3 is a flowchart illustrating an access control
method according to an embodiment of the present
invention;
FIG. 4 is a flowchart illustrating an access control
method according to another embodiment of the
present invention;
FIG. 5 is a block diagram illustrating the configuration
of an electronic system that can adopt an embedded
system according to embodiments of the present in-
vention;
FIG. 6 is a view illustrating an example of the elec-
tronic system of FIG. 5 that is applied to a smart
phone;
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FIG. 7 is a view illustrating an example of the elec-
tronic system of FIG. 5 that is applied to a tablet PC;
and
FIG. 8 is a view illustrating an example of the elec-
tronic system of FIG. 5 that is applied to a notebook
computer.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0011] Advantages and features of the present inven-
tion and methods of accomplishing the same may be
understood more readily by reference to the following
detailed description of preferred embodiments and the
accompanying drawings. The present invention may,
however, be embodied in many different forms and
should not be construed as being limited to the embod-
iments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete and will fully convey the concept of the invention to
those skilled in the art, and the present invention will only
be defined by the appended claims. In the drawings, the
thickness of layers and regions are exaggerated for clar-
ity.
[0012] It will be understood that when an element or
layer is referred to as being "on" or "connected to" another
element or layer, it can be directly on or connected to the
other element or layer or intervening elements or layers
may be present. In contrast, when an element is referred
to as being "directly on" or "directly connected to" another
element or layer, there are no intervening elements or
layers present. Like numbers refer to like elements
throughout. As used herein, the term "and/or" includes
any and all combinations of one or more of the associated
listed items.
[0013] The use of the terms "a" and "an" and "the" and
similar referents in the context of describing the invention
(especially in the context of the following claims) are to
be construed to cover both the singular and the plural,
unless otherwise indicated herein or clearly contradicted
by context. The terms "comprising," "having," "including,"
and "containing" are to be construed as open-ended
terms (i.e., meaning "including, but not limited to,") unless
otherwise noted.
[0014] It will be understood that, although the terms
first, second, etc. may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are only used to distinguish one el-
ement from another element. Thus, for example, a first
element, a first component or a first section discussed
below could be termed a second element, a second com-
ponent or a second section without departing from the
teachings of the present invention.
[0015] Unless defined otherwise, all technical and sci-
entific terms used herein have the same meaning as com-
monly understood by one of ordinary skill in the art to
which this invention belongs. It is noted that the use of
any and all examples, or exemplary terms provided here-
in is intended merely to better illuminate the invention

and is not a limitation on the scope of the invention unless
otherwise specified. Further, unless defined otherwise,
all terms defined in generally used dictionaries may not
be overly interpreted.
[0016] Hereinafter, preferred embodiments of the
present invention will be described in detail with refer-
ence to the accompanying drawings.
[0017] FIG. 1 is a conceptual view illustrating an ac-
cess control system according to an embodiment of the
present invention.
[0018] Referring to FIG. 1, an access control system
includes an embedded system 100, an access system
200, and an authentication server 300.
[0019] Access system 200 may access embedded
system 100 in order to perform debugging through a de-
bugging port 110 included in embedded system 100. Ac-
cess system 200 may be included in, for example, a com-
puting system as illustrated, but is not limited thereto.
[0020] Embedded system 100 and authentication
server 300 may perform access control with respect to
access system 200 that accesses debug port 110 in order
to perform debugging, and authorize the debugging by
access system 200 if the result of the access control proc-
ess is successful. Particularly, in this embodiment, each
of embedded system 100 and authentication sever 300
may perform access control as an authentication subject.
Specifically, embedded system 100 may perform the a
first access control operation with respect to access sys-
tem 200 that accesses debugging port 110 as the first
authentication subject, and authentication server 300
may perform a second access control operation with re-
spect to access system 200 only in the case where the
first access control operation performed by embedded
system 100 has succeeded. Access system 200 can per-
form the debugging through debugging port 110 only in
the case where both the first access control operation
and the second access control operation have succeed-
ed. Such an access control method will be described in
detail later.
[0021] In some embodiments of the present invention,
embedded system 100 may be included in, for example,
a mobile terminal. More specifically, embedded system
100 may be included in a mobile terminal for communi-
cations, such as a smart phone. However, the present
invention is not limited thereto, and the kind of electronic
appliance on which embedded system 100 is mounted
may be changed without limit.
[0022] FIG. 2 is a block diagram illustrating the detailed
configuration of an embedded system of FIG. 1.
[0023] Referring to FIG. 2, embedded system 100 may
include a debugging system 120, first to third storages
130, 140, and 150, and an access counter 160.
[0024] Debugging system 120 may control the debug-
ging operation of access system 200 that accesses em-
bedded system 100 through debugging port 110. That
is, debugging system 120 may serve to control the whole
system so that access system 200 performs the debug-
ging operation in the case where access system 200 that
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accesses debugging system 120 through debugging port
110 is finally authorized to perform the debugging.
[0025] A processing module 132, which performs ac-
cess control with respect to access system 200 that ac-
cesses through debugging port 110, may be provided in
first storage 130. Processing module 132 may control
the whole access control operation that embedded sys-
tem 100 performs as the authentication subject. Here,
the term "module" as used in the embodiment, means a
software or hardware component, such as a FPGA or
ASIC, which performs certain tasks. However, the "mod-
ule" does not mean to be limited to software or hardware.
The "module" may advantageously be configured to re-
side on the addressable storage medium and configured
to execute on one or more processors. Thus, the "mod-
ule" may include, by way of example, components, such
as software components, object-oriented software com-
ponents, class components and task components, proc-
esses, functions, attributes, procedures, subroutines,
segments of a program code, drivers, firmware, microc-
ode, circuitry, data, databases, data structures, tables,
arrays, and variables. The functionality provided for in
the components and "modules" may be combined into
fewer components and "modules" or further separated
into additional components and "modules."
[0026] On the other hand, processing module 132 may
perform an access control with respect to debugging port
110. That is, if access system 200 that accesses debug-
ging port 110 is an unauthorized system, the access of
access system 200 through debugging port 110 may be
intercepted, and thus access system 200 may be unable
to perform the debugging.
[0027] First storage 130, in which processing module
132 is stored, may have read-only characteristics. That
is, in some embodiments of the present invention, first
storage 130 may be, for example, an internal Read Only
Memory (ROM), and processing module 132 may be
firmware that is stored in the internal ROM. However, the
present invention is not limited thereto.
[0028] An authentication element may be stored in sec-
ond storage 140. Such an authentication element may
be used for embedded system 100 and the authentication
server (300 in FIG. 1) to perform authentication with re-
spect to access system 200.
[0029] In this embodiment, to increase reliability of the
access control system the authentication element that is
stored in second storage 140 may be configured so that
the authentication element can be accessed only by
processing module 132. Specifically, embedded system
100 may be manufactured and delivered from a ware-
house in a state where the authentication element is
stored in second storage 140, and embedded system
100 may be configured so that the authentication element
that is stored in second storage 140 can be accessed
only by processing module 132 while embedded system
100 is used by a user or the like.
[0030] In some embodiments of the present invention,
the authentication element may include an authentication

key 142 of embedded system 100, and an authentication
code 144 that is used for validity verification of an au-
thentication server public key certificate (PKC 300 in FIG.
3) to be described later. Here, authentication key 142
may be composed of, for example, 128 bits or 256 bits,
and authentication code 144 may be composed of, for
example, 256 bits. However, the present invention is not
limited thereto, and second storage 140 may be config-
ured to further include other authentication elements in
addition to the exemplified one if necessary.
[0031] In some embodiments of the present invention,
as illustrated, second storage 140 may be arranged sep-
arately from first storage 130. That is, first storage 130
and second storage 140 may store information in differ-
ent ways. For example, in the case where first storage
130 is implemented by an internal ROM, second storage
140 may be implemented by, for example, an e-fuse.
However, this is merely exemplary, and second storage
140 may be changed to any other One Time Program-
mable (OTP) storage medium without limit.
[0032] An ID 152 of the embedded system may be
stored in third storage 150. ID 152 of the embedded sys-
tem may be used for the authentication server (300 in
FIG. 1) to perform authentication. On the other hand,
third storage 150 may be a storage region provided sep-
arately from second storage 140 as illustrated. In other
words, the security level of second storage 140 may be
different from the security level of third storage 150. How-
ever, the present invention is not limited the illustrated
embodiments. If necessary, third storage 150 may be
omitted, and ID 152 of the embedded system may be
stored together in first storage 130.
[0033] Access counter 160 may count the number of
times access system 200 accesses debugging port 110.
Particularly, in some embodiments of the present inven-
tion, access counter 160 may count the number of times
each access system 200 accesses debugging port 110.
For example, access counter 160 may separately count
the number of times that a first access system and the
number of times that a second access system access
debugging port 110. Accordingly, in this embodiment, the
number of accesses to debugging port 110 may be limited
for each access system 200. The details thereof will be
described later.
[0034] Hereinafter, referring to FIGs. 2 and 3, an ac-
cess control method according to an embodiment of the
present invention will be described.
[0035] FIG. 3 is a flowchart illustrating an access con-
trol method according to an embodiment of the present
invention.
[0036] Referring to FIG. 3, access system 200 first pro-
vides an initial communication connection request mes-
sage to embedded system 100 (S100). Accordingly, em-
bedded system 100, which has received the initial com-
munication connection request message, generates and
provides a cryptographically secure random value R to
access system 200 (S105). In some embodiments of the
present invention, processing module 132 of embedded
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system 100 as described above may take part in the gen-
eration of the random number R.
[0037] Next, access system 200, which has received
the random value R, generates an electronic signature
SIGN(R) with respect to the random value R using an
electronic signature key of access system 200 (here, the
electronic signature key of access system 200 may be
an electronic signature key of a user who intends to ac-
cess through access system 200). Then, access system
200 transmits the first authentication information
SIGN(R) and PKC 200 and 300 including the generated
electronic signature SIGN(R), the public key certificate
PKC(200) of access system 200, and the public key cer-
tificate PKC(300) of authentication server 300 to embed-
ded system 100 (S110).
[0038] Next, embedded system 100, which has re-
ceived the first authentication information SIGN(R) and
PKC(200, 300), performs a first access control operation
which includes a first authentication AU_1 for authenti-
cating whether access system 200 is an access system
200 that is authenticated by authentication server 300.
In this embodiment, the first access control operation in-
cludes steps (S115), (S120), and step (S125) as de-
scribed in greater detail below.
[0039] Specifically, in step (S115), embedded system
100 performs a first authentication wherein it verifies va-
lidity of the public key certificate PKC(300) of authenti-
cation server 300 that is provided from access system
200 through comparison of a resultant value obtained by
performing a hash operation of the public key certificate
PKC(300) of authentication server 300 that is provided
from access system 200 with authentication code 144
stored in second storage 140. Then, embedded system
100 verifies validity of the public key certificate PKC(200)
of access system 200 that is provided from access sys-
tem 200 using the public key certificate PKC(300) of au-
thentication server 300 that has already been verified.
Lastly, embedded system 100 verifies validity of the elec-
tronic signature SIGN(R) that is provided from access
system 200 using the public key certificate PKC(200) of
access system 200 that has already been verified).
[0040] Next, embedded system 100 confirms the
number of times access system 200 accesses debugging
port 110 using access counter 160 (S120). Then, in step
(S125) it is determined whether the result of the first au-
thentication AU_1 is successful and the number of times
access system 200 accesses debugging port 110 is
equal to or less than a predetermined value K. If the result
of the first authentication AU_1 is successful and the
number of times access system 200 accesses debugging
port 110 is equal to or less than a predetermined value
K, the first access control operation is passed success-
fully, and in step (S130) embedded system 100 outputs
the second authentication information AI to access sys-
tem 200.
[0041] In some embodiments of the present invention,
the second authentication information AI may include the
secure random value R previously generated by embed-

ded system 100, ID 152 of the embedded system stored
in third storage 150 of embedded system 100, the ID of
access system 200 that is extracted from the public key
certificate PKC(200) of access system 200, and a value
obtained by encoding them with a predetermined function
(e.g., Hash-based message authentication code (HMAC)
value).
[0042] By contrast, if the result of the first access con-
trol operation fails, either because the first authentication
AU_1 is not successful, or because the number of times
access system 200 accesses debugging port 110 ex-
ceeds the predetermined value K, then embedded sys-
tem 100 does not output the second authentication infor-
mation AI, but terminates the access control process.
[0043] In some embodiments of the present invention,
processing module 132 of embedded system 100 may
take part in the determination of whether the first authen-
tication is successful and whether the number of access-
es of access system 200 is appropriate.
[0044] Next, access system 200, which has received
the second authentication information AI from embedded
system 100, transfers the second authentication infor-
mation AI to authentication server 300 (S 135). Then,
authentication server 300, which has received the sec-
ond authentication information AI from access system
200, performs a second access control operation, which
includes the second authentication AU_2 for authenticat-
ing whether embedded system 100 is a valid embedded
system 100, whether access system 200 is a registered
access system 200, and whether access system 200 is
an access system that has succeeded in the first access
control operation AU_1 through embedded system 100,
based on the second authentication information AI. In
this embodiment, the second access control operation
includes the second authentication (steps (S140),
(S145), and (S150)) and step (S155) as described in
greater detail below.
[0045] Specifically, authentication server 300 first con-
firms whether ID 152 of embedded system 100 that is
included in the second authentication information AI is a
valid ID that is stored in a database of authentication
server 300 (S140). Then, authentication server 300
searches for the authentication key of embedded system
100 (if the authentication is successful, the searched au-
thentication key would be the same as authentication key
142 of embedded system 100 that is stored in second
storage 140 of embedded system 100) using ID 152 of
the embedded system of which the validity has been con-
firmed, and based on this, authentication server 300 ver-
ifies the validity of the encoded value (e.g., HMAC value)
that is included in the second authentication information
AI (S 145). Lastly, authentication server 300 confirms
whether the ID of access system 200 that is included in
the second authentication information AI is the valid ID
that is stored in the database of authentication server 3
00 (S150).
[0046] If the result of the second authentication AU_2
is successful, authentication server 300 issues an at-
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tribute certificate AC for access system 200 (S155). Thus
if the second access control operation is passed suc-
cessfully, then authentication server 300 outputs the at-
tribute certificate AC to access system 200 (S160). By
contrast, if the result of the second authentication AU_2
is not successful, then the second access control oper-
ation is not passed, and authentication server 300 does
not output the attribute certificate AC, but terminates the
authentication process. Accordingly, the authentication
process for access system 200 is not performed any fur-
ther, but is terminated.
[0047] Next, access system 200, which has received
the attribute certificate AC from authentication server
300, transfers the attribute certificate AC to embedded
system 100 (S165). Then, embedded system 100, which
has received the attribute certificate AC from access sys-
tem 200, verifies the attribute certificate AC. If the verifi-
cation is completed, processing module 132 of embed-
ded system 100 allows access system 200 to access
debugging port 110.
[0048] According to this embodiment as described
above, in allowing access system 200 to access debug-
ging port 110, embedded system 100 performs the first
authentication AU_1 as the first subject and authentica-
tion server 300 performs the second authentication AU_2
as the second subject, and thus the security performance
of the authentication system can be greatly improved.
[0049] Further, since it can be confirmed through the
first and second authentications AU_1 and AU_2 whether
to discard the public key certificate PKC, the authentica-
tion method according to this embodiment can cope with
even in a case where a user’s secret key is exposed.
[0050] Further, in this embodiment, since the access
of access system 200 is allowed only with respect to em-
bedded system 100 that is designated by a specific ID
and the number of accesses is limited to a predetermined
number of accesses, the damage that is caused by any
security accident can be minimized.
[0051] Hereinafter, referring to FIGs. 2 and 4, an au-
thentication method according to another embodiment
of the present invention will be described.
[0052] FIG. 4 is a flowchart illustrating an authentica-
tion method according to another embodiment of the
present invention. Hereinafter, the detailed explanation
of items duplicate to those according to the above-de-
scribed embodiment will be omitted, and explanation will
be made around the difference between them.
[0053] Referring to FIG. 4, access system 200 first pro-
vides an initial communication connection request mes-
sage to embedded system 100 (S200). Accordingly, em-
bedded system 100, which has received the initial com-
munication connection request message, generates and
provides a cryptographically secure random value R to
access system 200 (S205).
[0054] Next, access system 200, which has received
the random value R, generates an electronic signature
SIGN(R) with respect to the random value R using an
electronic signature key of access system 200, and trans-

mits the first authentication information SIGN(R) and
PKC 200 and 300 including the generated electronic sig-
nature SIGN(R), the public key certificate PKC(200) of
access system 200, and the public key certificate
PKC(300) of authentication server 300 to embedded sys-
tem 100 (S210).
[0055] Next, embedded system 100, which has re-
ceived the first authentication information SIGN(R) and
PKC(200, 300), performs the first access control opera-
tion which includes the first authentication AU_1 for au-
thenticating whether access system 200 is an access
system 200 that is authenticated by authentication server
300. In this embodiment, the first access control opera-
tion includes steps (S215), (S220), and step (S225) as
described in greater detail below.
[0056] Specifically, in step (S215) embedded system
100 first verifies validity of the public key certificate
PKC(300) of authentication server 300. Then, embedded
system 100 verifies validity of the public key certificate
PKC(200) of access system 200. Lastly, embedded sys-
tem 100 verifies validity of the electronic signature
SIGN(R) that is provided from access system 200 (S215).
[0057] Next, in step (S220) embedded system 100
confirms the number of times access system 200 access-
es debugging port 110 using access counter 160. Then,
in step (S225) it is determined whether the result of the
first authentication AU_1 is successful. If the result of the
first authentication AU_1 is successful, then the first ac-
cess control operation is passed successfully, and in step
(S230) embedded system 100 outputs the second au-
thentication information AI to access system 200. At this
time, the second authentication information AI may in-
clude the number of times access system 200 accesses
debugging port 110, the secure random value R previ-
ously generated by embedded system 100, ID 152 of the
embedded system stored in third storage 150 of embed-
ded system 100, the ID of access system 200 that is
extracted from the public key certificate PKC(200) of ac-
cess system 200, and a value obtained by encoding them
with a predetermined function (e.g., Hash-based mes-
sage authentication code (HMAC) value).
[0058] That is, in this embodiment, since embedded
system 100 does not determine whether the number of
times access system 200 accesses debugging port 110
exceeds a predetermined value K, but authentication
server 300 determines this, the embedded system out-
puts the second authentication information AI that in-
cludes the number of times access system 200 accesses
debugging port 110.
[0059] By contrast, if the result of the first authentica-
tion AU_1 is not successful, embedded system 100 does
not output the second authentication information AI, but
terminates the authentication process. Accordingly, the
authentication process for access system 200 is not per-
formed any further, but is terminated.
[0060] Next, access system 200, which has received
the second authentication information AI from embedded
system 100, transfers the second authentication infor-
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mation AI to authentication server 300 (S235). Then, au-
thentication server 300, which has received the second
authentication information AI from access system 200,
performs the second authentication AU_2 for authenti-
cating whether embedded system 100 is a valid embed-
ded system 100, whether access system 200 is a regis-
tered access system 200, and whether access system
200 is an access system that has succeeded in the first
authentication AU_1 through embedded system 100,
based on the second authentication information AI.
[0061] Specifically, authentication server 300 first con-
firms whether ID 152 of the embedded system that is
included in the second authentication information AI is a
valid ID that is stored in the database (S240). Then, au-
thentication server 300 searches for the authentication
key of embedded system 100 using ID 152 of the em-
bedded system of which the validity has been confirmed,
and based on this, authentication server 300 verifies the
validity of the encoded value (e.g., HMAC value) that is
included in the second authentication information AI
(S245). Lastly, authentication server 300 confirms
whether the ID of access system 200 that is included in
the second authentication information AI is the valid ID
that is stored in the database (S250).
[0062] If the result of the second authentication AU_2
is successful and the number of times access system
200 accesses debugging port 110, which is included in
the second authentication information AI, is equal to or
less than the predetermined value K, then the second
access control operation is passed successfully, and au-
thentication server 300 issues an attribute certificate AC
for access system 200 (S255). Then, authentication serv-
er 300 outputs the attribute certificate AC to access sys-
tem 200 (S260). By contrast, if the result of the second
authentication AU_2 is not successful or the number of
times access system 200 accesses debugging port 110
exceeds the predetermined value K, then the second ac-
cess control operation is not passed, and authentication
server 300 does not output the attribute certificate AC,
but terminates the authentication process. Accordingly,
the authentication process for access system 200 is not
performed any further, but is terminated.
[0063] Next, access system 200, which has received
the attribute certificate AC from authentication server
300, transfers the attribute certificate AC to embedded
system 100 (S265). Then, embedded system 100, which
has received the attribute certificate AC from access sys-
tem 200, verifies the attribute certificate AC. If the verifi-
cation is completed, processing module 132 of embed-
ded system 100 allows access system 200 to access
debugging port 110.
[0064] Even in this embodiment, the security perform-
ance of the authentication system can be greatly im-
proved through the configuration that is relatively similar
to the configuration according to the above-described
embodiment.
[0065] Next, referring to FIG. 5, an electronic system
that may adopt the embedded system according to em-

bodiments of the present invention will be described.
[0066] FIG. 5 is a block diagram illustrating the config-
uration of an electronic system that can adopt an embed-
ded system according to embodiments of the present
invention.
[0067] Referring to FIG. 5, an electronic system 900
may include a memory system 902, a processor 904, a
RAM 906, a user interface 908, and a secure logic 919.
[0068] Memory system 902, processor 904, RAM 906,
user interface 908, and secure logic 919 may perform
data communication with each other using a bus 910.
[0069] Processor 904 may serve to execute programs
and to control electronic system 900, and may include at
least one of a microprocessor, a digital signal processor,
a microcontroller, and logic devices that can perform sim-
ilar functions.
[0070] RAM 906 may be used as an operating memory
of processor 904, and may be implemented by a nonvol-
atile memory such as a DRAM. Processor 904 and RAM
906 may be packaged into one semiconductor device or
a semiconductor package.
[0071] User interface 908 may be used to input/output
data from/to electronic system 900. Examples of user
interface 908 may include a keypad, a keyboard, an im-
age sensor, a display device, a touch-sensitive screen,
a mouse, a trackball, etc..
[0072] Memory system 902 may store codes for the
operation of processor 904, data processed by processor
904, or data input from an outside. Memory system 902
may include a separate controller for driving an error cor-
rection block. The error correction block may be config-
ured to detect and correct errors of the data stored in
memory system 902 using an error correction code
(ECC).
[0073] On the other hand, in an information processing
system, such as a mobile device or a desk top computer,
a flash memory may be mounted as memory system 902.
The flash memory may include a Solid State Drive (SSD).
In this case, electronic system 900 can stably store large-
capacity data in the flash memory.
[0074] Memory system 902 may be integrated into one
semiconductor device. For example, memory system
902 may be integrated into one semiconductor device to
configure a memory card. For example, memory system
902 may be integrated into one semiconductor device to
configure a memory card, such as a PC card (Personal
Computer Memory Card International Association (PC-
MCIA) cars), a compact flash (CF) card, a smart media
card (SM or SMC), a memory stick, a multimedia card
(MMC, RS-MMC, or MMCmicro), an SD card (SD, min-
iSD, microSD, or SDHC), a universal flash storage device
(UFS), or the like.
[0075] As secure logic 919, any one of the embedded
systems according to the above-described embodiments
of the present invention may be adopted.
[0076] Electronic system 900 illustrated in FIG. 5 may
be applied to an electronic control device of various elec-
tronic appliances. FIG. 6 is a view illustrating an example
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of electronic system 900 of FIG. 5 that is applied to a
smart phone 1000. In the case where the electronic sys-
tem (900 in FIG. 5) is applied to smart phone 1000, the
electronic system (900 in FIG. 5) may be adopted as a
partial constituent element of an Application Processor
(AP).
[0077] On the other hand, the electronic system (900
in FIG. 5) may be adopted in other various electronic
appliances. FIG. 7 is a view illustrating an example of
electronic system 900 of FIG. 5 that is applied to a tablet
PC 1100, and FIG. 8 is a view illustrating an example of
electronic system 900 of FIG. 5 that is applied to a note-
book computer 1200.
[0078] In addition, the electronic system (900 in FIG.
5) may be provided as one of various constituent ele-
ments of electronic devices, such as a personal compu-
ter, an Ultra Mobile PC (UMPC), a work station, a net-
book, a Personal Digital Assistant (PDA), a portable com-
puter, a web tablet, a wireless phone, a mobile phone,
an e-book, a Portable Multimedia Player (PMP), a port-
able game machine, a navigation device, a black box, a
digital camera, a 3-dimensional television receiver, a dig-
ital audio recorder, a digital audio player, a digital picture
recorder, a digital picture player, a digital video recorder,
a digital video player, a device that can transmit and re-
ceive information in a wireless environment, one of var-
ious electronic devices constituting a home network, one
of various electronic devices constituting a computer net-
work, one of various electronic devices constituting a
telematics network, an RFID device, or one of various
constituent elements constituting a computing system.
[0079] On the other hand, in the case where the elec-
tronic system (900 in FIG. 5) is equipment that can per-
form wireless communication, the electronic system (900
in FIG. 5) may be used in communication systems, such
as Code Division Multiple Access (CDMA), Global Sys-
tem for Mobile communication (GSM), North American
Digital Cellular (NADC), Enhanced-Time Division Multi-
ple Access (E-TDMA), Wideband Code Division Multiple
Access (WCDMA), and CDMA2000.
[0080] Although preferred embodiments of the present
invention have been described for illustrative purposes,
those skilled in the art will appreciate that various modi-
fications, additions and substitutions are possible, with-
out departing from the scope and spirit of the invention
as disclosed in the accompanying claims.

Claims

1. An access control method, comprising:

performing a first access control operation for
an access system by a first authentication sub-
ject, wherein the first access control operation
includes performing a first authentication for the
access system;
when the first access control operation is

passed, receiving at the first authentication sub-
ject a result of a second access control operation
for the access system which is performed by a
second authentication subject that is separate
from the first authentication subject; and
allowing the access system to access the first
authentication subject when the first access
control operation and the second access control
operation are passed.

2. The access control method of claim 1, further com-
prising receiving at the first authentication subject
first authentication information for the first authenti-
cation,
wherein performing the first authentication compris-
es verifying whether a public key certificate of the
second authentication subject, a public key certifi-
cate of the access system, and an electronic signa-
ture provided from the access system, which are in-
cluded in the first authentication information, are val-
id.

3. The access control method of claim 2, further com-
prising transferring second authentication informa-
tion for the second authentication to the Access Sys-
tem,
wherein the second authentication information in-
cludes an ID of the first authentication subject and
an ID of the access system.

4. The access control method of claim 3, wherein the
first access control operation further comprises con-
firming the number of times the access system ac-
cesses the first authentication subject,
wherein when the number of accesses is equal to or
less than a predetermined value and the first authen-
tication is successful, the second authentication in-
formation is transferred to the access system.

5. The access control method of claim 4, wherein when
the number of accesses exceeds the predetermined
value, the second authentication information is not
transferred to the access system, but an authentica-
tion process is terminated.

6. A mobile terminal, which controls debugging by an
access system that accesses the mobile terminal
through a debugging port, comprising:

a first storage in which is stored a processing
module for performing authentication with re-
spect to the access system;
a second storage in which is stored an authen-
tication element for the access system; and
a counter configured to count the number of
times the access system accesses the debug-
ging port,
wherein the authentication element stored in the
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second storage can be accessed only by the
processing module.

7. The mobile terminal of claim 6, wherein the authen-
tication element includes an authentication key of
the mobile terminal and an authentication code that
is used for verification of an authentication server
public key certificate received by the mobile terminal
from the access system.

8. The mobile terminal of claim 6, wherein the first stor-
age and the second storage are arranged separately
from each other, and the first storage includes a
ROM, and the second storage includes an e-fuse,
and the processing module includes firmware that is
stored in the first storage.

9. An apparatus including an embedded system, the
apparatus comprising:

a debugging system configured to be utilized to
debug the embedded system;
a debug port configured to selectively interface
the debugging system to an access system ex-
ternal to the apparatus; and
a debugging access control device configured
to selectively enable access to the debugging
system by the access system via the debug port
when an access control process for the access
system is passed, wherein the debugging ac-
cess control device includes:

a first storage in which is stored a process-
ing module for performing authentication
with respect to the access system;
a second storage in which is stored an au-
thentication element for the access system;
and
a counter configured to count the number
of times the access system accesses the
debugging port,
wherein the authentication element stored
in the second storage can be accessed only
by the processing module.

10. The apparatus of claim 9, wherein the processing
module is configured to:

perform a first access control operation for the
access system using the authentication element
and first authentication information received
from the access system via the debug port;
when the first access control operation is
passed, receive a result of a second access con-
trol operation for the access system which is per-
formed by an authentication server which is ex-
ternal to the apparatus; and
allow the access system to access the debug-

ging system when the first access control oper-
ation and the second access control operation
are passed,
wherein the first access control operation in-
cludes a first authentication, and wherein per-
forming the first authentication comprises veri-
fying whether a public key certificate of the au-
thentication server, a public key certificate of the
access system, and an electronic signature pro-
vided from the access system, which are includ-
ed in the first authentication information, are val-
id.
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