
1  DESCRIPTION PORTABLE ELECTRONIC APPARATUS AND CONTROL METHOD OF PORTABLE
ELECTRONIC APPARATUS 5 Technical Field The present invention relates to,
e.g., a portable electronic apparatus that realizes various kinds of
processing by transmitting or receiving commands, and 10 more particularly
to a portable electronic apparatus that can respond to an initial response
request at a higher speed and to a control method of the portable
electronic apparatus. Background Art 15In general, an IC card utilized as a
portable electronic apparatus includes an card-like main body formed of,
e.g., plastic and an IC module embedded in the main body. The IC module has
an IC chip. The IC chip has a nonvolatile memory such as an EEPROM 20
(Electrically Erasable Programmable Read-Only Memory) or a flash ROM that
can hold data even though a power supply is not provided and a CPU that
executes various kinds or arithmetic operations. The IC card is superior in
portability and can 25perform communication with external devices and
complicated arithmetic operations. Further, since 



counterfeiting is difficult, using the IC card in a security system,
electronic commerce and others to  2 store highly-confidential information
is assumed.        Furthermore, in recent years, an IC card that can
transmit and receive data through contactless communication has generally
spread. Such a contactless 5IC Card includes an IC chip and an antenna.
This contactless IC card operates by energizing the antenna in the card
based on electromagnetic induction upon receiving a magnetic field
generated from a reader/writer in an IC card processor which processes 10IC
cards.       Meanwhile, when a plurality of IC cards are present in a
communication enabled range, a situation where a terminal device cannot
correctly recognize the plurality of IC cards in an initial response may
15possibly occur. To avoid this collision and correctly . recognize the
plurality of IC cards, the terminal device can execute anti-collision
processing in, e.g., a time slot system, a slot marker system or any other
system. 20When executing the anti-collision processing based on the time
slot system, the IC card processor sets a plurality of time frames and
transmits an initial response request to an IC card. The IC card generates
a random number, selects a time frame in accordance 25with the random
number, and transmits a card ID stored 



in itself as a response to the IC card processor in the selected time
frame. The IC card processor selects the  3 IC card which executes
processing based on the received card ID.       However, for example, if
the plurality of IC cards select the same time frame, the .IC card
processor 5cannot normally receive card IDs. For example,. Japanese Patent
Publication No. 4134143 discloses a technology that recognizes
presence/absence of a response of another IC card in a selected time frame
and transmits a response in a time frame following the 10selected time
frame when the response of another IC card has been confirmed.
Further, when executing the anti-collision processing based on the slot
marker system, the IC card processor transmits an initial response request
15including a total number N of slots (time frames) to a plurality of IC
cards. Each IC card uses a logic circuit to generate n (an integer) in N
integers from 0 to (N-1), for example. When the generated n is 0, the IC
card immediately sends an initial response. When 20the generated n is not
0, the IC card does not immediately send an initial response but sends the
initial response at the time that it thereafter receives a slot marker
command .specifying the same slot as n generated by the contactless IC card
is received 25from the terminal' device. 



Summary When executing processing based on the time slot  4 system, a time
of a time frame set by the IC card processor is fixed. Therefore, for
example, when a time frame that is not selected by the IC card is present
before a time frame selected by the IC card, there is a problem that a
communication time incurs waste.       Moreover, a portable electronic
apparatus disclosed in the above-described patent document selects a time
frame following a selected time frame when there is a response from another
IC card in the selected time frame.       Additionally, as described above,
in the slot marker system in the conventional anti-collision processing,
the IC card sends an initial response when it receives a command from an
external terminal that has specified the same slot as a selected value.
Therefore, even in case of a slot in which no response is supplied from
another contactless card, the contactless IC card must wait by without
making a response, and there is a problem that an entire processing time
becomes long.       Therefore, an object is to provide a portable
electronic apparatus that can execute processing at a higher speed and a
control method of the portable electronic apparatus.       According to one
embodiment, a portable electronic apparatus which generates a random number
and makes a  5 response at a timing associated with the generated random
number, including, a reception unit which receives an initial response
request from an external device; a recognition unit which recognizes a
total 5time frame number set in the external device based on the initial
response request received by the reception unit; a random number generation
unit which generates a random number; a communication detection unit which
detects communication performed in another portable 10electronic apparatus;
a determination unit which monitors one time frame by using the
communication detection unit based on the total time frame number
recognized by the recognition unit and the random number generated by the
random number generation unit, 



15and determines whether a response to the initial response request is to
be transmitted to the external device based on a detection result obtained
by the communication detecting unit; and a transmission unit which
transmits the response to the external device 20based on a determination
result obtained by the determination unit. Brief Description of Drawings
FIG. 1 is an explanatory diagram for explaining an example of a
configuration of a processing system for a 25portable electronic apparatus
according to an embodiment; FIG. 2 is an explanatory diagram for explaining
a  structural example of a terminal device depicted in FIG. 1;        FIG.
3 is an explanatory diagram for explaining a structural example of an IC
card depicted in FIG. 1; 5FIG. 4 is an explanatory diagram for
schematically explaining an example of processing of an IC card according
to a first embodiment;             FIG. 5 is a flowchart for explaining the
example of the processing of the IC card according to the first
10embodiment;        FIG. 6 is an explanatory diagram for schematically
explaining another example of processing of an IC card according to a
second embodiment; 



FIG. 7 is a flowchart for explaining another 15example of the processing of
the IC card according to the second embodiment;         FIG. 8 is an
explanatory diagram for explaining another structural example of the IC
card depicted in FIG. 1; 20FIG. 9 is a diagram for explaining an operation
of an IC card 2 when responding to a first initial response request in
which 2 or a higher value is specified as a total number N of slots; FIG.
10 is a diagram for explaining an operation 25of the IC card 2 when
responding to a second or subsequent initial response request in which 2 or
a higher value is specified as the total number N of  slots; and FIG. 11 is
a flowchart showing an operation of the IC card 2 when responding to an
initial response request in which 2 or a higher value is specified as 5the
total number N of slots. Detailed Description 



A portable electronic apparatus and a control method of a portable
electronic apparatus according to a first embodiment will now be described
hereinafter in 10detail with reference to the drawings.        FIG. 1 is an
explanatory diagram for explaining a structural example of an IC card
processing system 10 according to the first embodiment. As shown in FIG. 1,
the IC card processing system 1510 includes a processor (a terminal device)
1 for a portable electronic apparatus and a portable electronic apparatus
(an IC card) 2. The terminal device 1 and the IC card 2 transmit/receive
various kinds of data to/from each other through wireless communication.
20 FIG. 2 is an explanatory diagram for explaining a structural example of
the terminal device depicted in FIG. 1. As shown in FIG. 2, the terminal
device 1 has a control unit 11, a display 12, a keyboard 13, a card
reader/writer 14, a storage unit 15 and others.  25 The control unit 11
includes a CPU, an ROM, an RAM and others. The control unit 11 controls
operations of the entire terminal device 1.  8       The display 12
displays various kinds of information under control of the control unit 11.
The keyboard 13 receives an operation of the terminal device 1 by an
operator as an operation signal. 5The card reader/writer 14 is an interface
device configured to execute communication with the IC card 2. The card
reader/writer 14 executes supply of electric power, supply of clocks, reset
control and data transmission/reception with respect to the IC card 2.
10That is, the card reader/writer 14 functions as a transmission/reception
unit. The storage unit 15 stores a program and data of an operation
executed by the control unit 11. 



The control unit 11 inputs various kinds of 15commands with respect to the
IC card 2 via the card reader/writer 14. When the IC card 2 has received,
e.g., a data write command from the card reader/writer 14, it executes
processing of writing the received data into an internal nonvolatile
memory. 20Furthermore, the control unit 11 transmits a read command to the
IC card 2 to read data from the IC card 2. The control unit 11 executes
various kinds of processing based on data received from the IC card 2. The
card reader/writer 14 transmits/receives data 25to/from the IC card 2
through the wireless communication. Therefore, the card reader/writer 14
includes a signal processing unit, a  9 transmission/reception circuit, an
antenna and others which are not shown in the drawing. The signal
processing unit executes coding, decoding, modulation and demodulation of
data that is transmitted/received to/from the IC card 2. The
transmission/reception circuit amplifies data modulated by the signal
processing unit and data received from the antenna. The antenna generates a
magnetic field in 10accordance with transmission data to supply the data to



the IC card 2. Further, the antenna recognizes data transmitted from the IC
card 2 based on an induced current generated by the electromagnetic
induction. A range where the IC card 2 can recognize a change 15in magnetic
field caused by the antenna is a communication enabled range. The card
reader/writer 14 detects the IC card 2 that is present in this
communication enabled range to execute processing. The control unit 11
transmits an initial response 20request (an initial response request
command) to the IC card 2 by using the card reader/writer 14 to configure a
setting concerning communication with the IC card 2. To detect the IC card
2, the card reader/writer 14 repeatedly transmits the initial response
request 25command to the communication enabled range.        When the IC
card 2 is present in the communication enabled range, a response to an
activation command from  10 the IC card 2 is sent to the card reader/writer
14. As a result, the card reader/writer 14 detects the IC card 2. Here, the
card reader/writer 14 transmits a selection command that is utilized to
select a desired IC card 2. As a result, communication can be achieved
between the card reader/writer 14 and the IC card 2.       FIG. 3 is a
block diagram for explaining a structural example of the IC card 2 depicted
in FIG. 1. As shown in FIG. 3, the IC card 2 includes a card- 10like main
body 21 and an IC module 22 built in the main 



body 21. The IC module 22 includes one or more IC chips 23 and a
communication unit 24. The IC chip 23 and the communication unit 24 are
formed in the IC module 22 in a state where the IC chip 23 and the
15communication unit 24 are connected to each other.       The IC chip 23
includes a communication unit 24, CPU 25, an ROM 26, an RAM 27, a
nonvolatile memory 28, a power supply unit 29, a random number generation
unit 30 and others. 20The communication unit 24 is an interface configured
to execute contactless communication with the card reader/writer 14 in the
terminal device 1. The communication unit 24 functions as a transmission
unit and a reception unit. 25Moreover, the communication unit 24 includes
an antenna that performs contactless communication with the card
reader/writer 14 in the terminal device 1.  11 Additionally, the
communication unit 24 includes a transmission/reception circuit that
amplifies transmission/reception data and a signal processing unit. 5The
CPU 25 functions as a control unit that controls the overall IC card 2.
Further, the CPU 25 functions as a determination unit that makes various
kinds of determination. The CPU 25 executes various kinds of processing
based on a control program and 10control data stored in the ROM 26 or the
nonvolatile memory 28. For example, it executes various kinds of processing
in accordance with commands received from the card reader/writer 14 and
generates data such as a response as a processing result. 15The ROM 26 is a
nonvolatile memory that stores a control program and control data in
advance. The ROM 26 is incorporated in the IC card 2 in a state that the
ROM 26 stores the control program, the control data and others on a
manufacturing stage. That is, the control 20'program and the control data
stored in the ROM 26 are 



incorporated in accordance with a specification of the IC card 2 in
advance.        The RAM 27 is a nonvolatile memory that functions as a
working memory. The RAM 27 temporarily stores, 25e.g., data that is being
processed by the CPU 25. For example, the RAM 27 temporarily stores data
received from the terminal device 1 via the communication unit  12 24.
Furthermore, the RAM 27 temporarily stores a program executed by the CPU
25. The nonvolatile memory 28 is constituted of a nonvolatile memory such
as an EEPROM or a flash ROM in 5which data can be written and rewritten.
The nonvolatile memory 28 stores a control program and various kinds of
data in accordance with an intended operational purpose of the IC card 2.
For example, in the nonvolatile memory 28, a 10program file, a data file
and other files are created. In each created file, a control program,
various kinds of data and others are written. The CPU 25 can realize
various kinds of processing by executing a program stored in the
nonvolatile memory 28 or the ROM 26. 15The power supply unit 29 receives
electric waves from the card reader/writer 14 to generate electromotive
force and an operation clock. The power supply unit 29 supplies the
generated electric power and operation clock to each unit in the IC card 2.
20When each unit in the IC card 2 has received the 



electric power supplied thereto, it enters an operable state.       The
random number generation unit 30 generates a random number. For example,
when receiving the initial 25response request command from the card
reader/writer 14, the CPU 23 generates a random number by using -the random
number generation unit 30.  13       The initial response request command
transmitted from the card reader/writer 14 has a plurality of parameters
which are utilized to determine a communication system, a speed and others,
The 5parameters include information indicative of the number of time frames
(a total time frame number n) in which the card reader/writer 14 accepts a
response to the initial response request command. That is, the control unit
11 in the terminal 10device 1 sets a plurality of time frames and transmits
the initial response request command having the information indicative of
the total time frame number to the IC card 2 from the card reader/writer
14. When receiving the initial response request 15command, the CPU 25 in
the IC card 2 makes reference to the initial response request command and
recognizes the total time frame number set by the card reader/writer 14.
That is, the CPU 25 functions as a recognition unit. The CPU 25 generates a
random number by using 20the random number generation unit 30 and selects
one 



time frame based on the generated random number. That is, the CPU 25
functions as a time frame selection unit. The CPU 25 in the IC card 2
executes initial response processing with respect to the initial 25response
request command based on the selected time frame. Further, when
transmitting data to the card  14 reader/writer 14, the IC card 2 generates
a magnetic field associated with transmission data by using the
communication unit 24. The IC card 2 can determine whether communication
processing is being executed in 5another IC card 2 by monitoring the
magnetic field through the communication unit 24.        For example, when
detecting a change in magnetic .field by using the communication unit 24 in
a state that data is not received from the card reader/writer 1014, the CPU
25 in the IC card 2 determines that the communication processing is being
executed in another IC card 2. That is, the communication unit 24 and the
CPU 25 function as communication detection units. Initial response
processing according to the first 15embodiment will now be described.
FIG. 4 is an explanatory diagram for schematically explaining an example of
the initial response processing of the IC card 2 according to the first
embodiment. It is to be noted that a description will 



20be given on the assumption that the terminal device 1 has set the total
time frame number to 4 in this example. Furthermore, a description will be
also given on-the assumption that the number of the IC cards 2 present in
the communication enabled range of the 25terminal device 1 is two, i.e., an
IC card 2A and an IC card 2B. The terminal device 1 sets the total time
frame  15 number and transmits an initial response request command (a
request) from the card reader/writer 14 at a given timing.       The
terminal device 1 starts acceptance of a first time frame at a time tl
provided when a predetermined time (ti-t0) passes from a time tO at which a
last bit of the request is transmitted.       Moreover, the terminal device
1 starts acceptance of a second time frame at a time t2 provided when a
predetermined time (t2-t1) passes from the start of acceptance of the first
time frame.       Additionally, the terminal device 1 starts acceptance of
a third time frame at a time t3 provided when a predetermined time (t3-t2)
passes from the start of acceptance of the second time frame.
Further, the terminal device 1 starts acceptance of a fourth time frame at
a time t4 provided when a predetermined time (t4-t3) passes from the start
of acceptance of the third time frame.       The terminal device 1 ends the
acceptance of the fourth time frame at a time t5 provided when a
predetermined time (t5-t4) passes from the start of acceptance of the
fourth time frame.       It is to be noted that time widths of the
respective time frames set by the terminal device 1 all have the same
length T. That is, a relationship t2-t1=t3-t2=t4-t3=t5-t4=T is achieved.
16 



The IC cards 2A and 2B wait until they receive a request from the terminal
device 1. When receiving the request, the CPU 25 of each of the IC cards 2A
and 2B recognizes the total time frame number set by the 5terminal device
1.        The CPU 25 determines that the time ti provided when the
predetermined time (ti-t0) elapses from the time tO at which the last bit
of the request is received as a start time of the first time frame. The
10CPU 25 recognizes the respective continuous time frames based on the
start time tl of the first time frame and the recognized total time frame
number. That is, the CPU 25 sections the time from the time tl in
accordance with the time width T to recognize each time frame. As 15a
result, the CPU 25 recognizes the start times ti, t2, t3 and t4 of the
respective time frames.        Further, the CPU 25 provides each recognized
time frame with a number. The CPU 25 generates a random number by using the
random numbergeneration unit 30 20and selects one time frame based on the
generated random number. For example, the CPU 25 converts a part or all of
generated random numbers into numerical values equal to or smaller than the
total time frame number set by the terminal device 1. The CPU 25  25
selects a time frame to which the number corresponding to the numeral value
converted from each random number is given.  17 



In this embodiment, the CPU 25 determines a time frame in which a response
is transmitted based on a time frame m selected from the random number and
the total time frame number n. 5The CPU 25 first determines whether m>n/2
is satisfied or not. When m>n/2 is satisfied, the CPU 25 reselects a time
frame n-m+1. The CPU 25 monitors the reselected time frame n-m+1 so that a
response can be transmitted in the reseleLted time frame. 10The CPU 25
determines whether a response is transmitted to the terminal device 1 froM
the other IC card 2 within a predetermined time width p from a start time
of the time frame n-m+1. That is, the CPU 25 monitors a magnetic field by
using the communication 15unit 24 from the start time of n-m+1 and
determines whether a change in magnetic field that is equal to or above a
predetermined value is present within the time width p. When it is
determined that there is no response 20from the other IC card 2, the CPU 25
transmits a response to the terminal device 1. Furthermore, when it is
determined that the other IC card 2 has made a response, the CPU 25
transmits a response to the terminal device 1 in the first selected time
frame m. 25 Moreover, when the first time frame m selected by the CPU 25
does not meet m>n/2, the CPU 25 transmits a response to the terminal device
1 in the first selected  18 time frame m.        FIG. 4 shows an example
where the total time frame number n=4, the IC card 2A selects a second time
frame and the IC card 2B selects a fourth time frame. 5Since m=2 is
achieved, the IC card 2A does not 



meet a relationship of m>n/4. Therefore, the IC card 2A controls to start
transmission of a response from the time t2 which is a start time of the
second time frame. 10Additionally, since m=4 is achieved, the IC card 2B
meets the relationship of m>n/2. Therefore, IC card 2B reselects a time
frame associated with n-m+1=1. That is, the IC card 2B reselects the first
time frame. In this case, the IC card 2B controls to start 15transmission
of a response from a time tl+p after a predetermined time p from the time
ti which is the start time of the first time frame.            FIG. 5 is a
flowchart for explaining an example of initial response processing of the
IC card 2 according 20to the first embodiment.        The IC card 2 waits
until it receives a request from the terminal device 1 (a step S11). When
receiving the request (a step S12), the CPU 25 of the IC card 2 recognizes
the total time frame number n set 25by the terminal device 1 (a step S13).
The CPU 25 generates a random number by using the random number generation
unit 30 (a step S14). The CPU  19 25 selects one time frame m based on the
random number generated by the random number generation unit 30 (a step
S15).           The CPU 25 determines whether the selected time 5frame m
and the total time frame number n meet the relationship of m>n/2 (a step
S16).        When the selected time frame m and the total time frame number
n meet the relationship of m>n/2 (the step S16, YES), the CPU 25 reselects
the time frame of n-m+1 



10(a step S17). The CPU 25 monitors the reselected time frame n-m+1 (a step
S18).        The CPU 25 determines whether the other IC card 2 transmits a
response to the terminal device 1 within the predetermined time width p
from the start time of 15the time frame n-m+1 (a step S19).        When it
is determined that there is no response from the other IC card 2 (the step
519, NO), the CPU 25 transmits a response to the terminal device 1 (a step
S20). That is, the CPU 25 controls each unit in the IC 20card 2 to transmit
a response to the terminal device 1 in the reselected time frame.
Further, when the selected time frame m and the total time frame number n
do not meet the relationship of m>n/2 at the step S16 (the step S16, NO),
or when it 25is determined that there is a response from the other IC card
2 at the step S19 (the step S19, YES), the CPU 25 controls each unit in the
IC card 2 to transmit a  20 response to the terminal device 1 in the first
selected time frame m (a step S21).        As described above, when the IC
card 2 according to this embodiment has received the initial response
5request command, it recognizes the total time frame number based on the
command. The IC card 2 selects the time frame based on the random number
and reselects a predetermined time frame that precedes the selected time
frame. The IC card 2 determines whether the 



10reselected time frame is selected by the other IC card 2, and it
transmits a response to the terminal device 1 in this time frame when the
reselected time frame is not selected. As a result, a processing time can
be reduced. 15Further, when the reselected time frame is selected by the
other IC card 2, the IC card 2 transmits a response to the terminal device
1 in the first selected time frame. As a result, the collision can be
avoided. 20Consequently, the portable electronic apparatUs that can execute
processing at a higher speedand the. control method of the portable
electronic apparatus can be provided.                Initial response
processing according to a second 25embodiment will now be described.
FIG. 6 is an explanatory diagram for schematically explaining an example of
the initial response  21 processing of an IC card 2 according to the second
embodiment. It is to be noted that a description will be given as to an
assumption that a terminal device 1 has set a total time frame number to 4
in this example. 5Furthermore, a description will be also given as to an
assumption that IC cards 2 that are present in a communication enabled
range of the terminal device I are two card, i.e., an IC cards 2A and an IC
card 2B. The terminal device 1 sets a total time frame 10number and
transmits an initial response request command (a request) from a card
reader/writer 14 at a given timing.       The terminal device 1 starts
acceptance of a first time frame at a time tl provided when a predetermined



15time (ti-t0) passes from a time tO at which a last bit in the request is
transmitted.       Further, the terminal device 1 starts acceptance of a
second time frame at a time t2 provided when a predetermined time (t2-t1)
passes from the start of 20acceptance of the first time frame.
Furthermore, the terminal device 1 starts acceptance of a third time frame
at a time t3 provided when a predetermined time (t3-t2) passes from the
start of acceptance of the second time frame. 25Moreover, the terminal
device 1 starts acceptance of a fourth time frame at a time t4 provided
when a predetermined time (t4-t3) passes from the start of  22 acceptance
of the third time frame.        The terminal device 1 terminates the
acceptance of the fourth time frame at a time t5 provided when a
predetermined time (t5-t4) passes from the start of 5acceptance of the
fourth time frame. It is to be noted that time widths of the respective
time frames set by the terminal device 1 all have the same length T. That
is, a relationship of t2-t1=t3-t2=t4-t3=t5-t4=T is achieved. 10The IC cards
2A and 2B wait until they receive a 



request from the terminal device 1. When receiving the request, a CPU 25 of
each of the IC cards 2A and 2B recognizes the total time frame number set
by the terminal device 1. 15The CPU 25 determines that the time ti provided
when the predetermined time (ti-t0) passes from the time tO at which the
last bit in the request is received as a start time of the first time
frame. The CPU 25 recognizes the respective continuous time frames 20based
on the start time t1 of the first time frame and the recognized total time
frame number. That is, the CPU 25 sections the time from the time tl in
accordance with the time-width T and recognizes each time frame. As a
result, the CPU 25 recognizes the start times ti, 25t2, t3 and t4 Of the
respective time frames.       Moreover, the CPU 25 provides each recognized
time frame with a number. The CPU 25 generates a random  23 number by using
a random number generation unit 30 and selects one time frame based on the
generated random number. For example, the CPU 25 converts a part or all of
generated random numbers into numerical values equal 5to or smaller than
the total time frame number set by the terminal device 1. The CPU 25
selects a time frame to which the number corresponding to the numeral value
converted from each random number is given. The CPU 25 monitors a time
frame K that precedes a 10time frame m selected based on each random
number. For example, the CPU 25 sequentially performs monitoring starting
from the time frame K (K=1). It is to be noted that the CPU 25 carries out
the monitoring in a range of the time frame K.m. Additionally, an initial
15value of the time frame K is preset and stored in, 



e.g., an ROM 26.       Further, the CPU 25 performs the monitoring during a
predetermined time P in each time frame. For example, -assuming that a time
required for the CPU 25 20to determine whether the other IC card is
performing communication is p, the CPU 25 carries out the monitoring during
a predetermined time P=p.(m-K) in each time frame. When the CPU 25 has
detected the communication 25carried out by the other IC card 2 during the
monitoring, it adds 1 to K and monitors the next time frame. When it is
determined that there is no response  24 from the other IC card 2 during
the monitoring time, the CPU 25 transmits a response to the terminal device
1 after end of the monitoring time.        FIG. 6 shows an example where
the total time frame number n=4, the IC card 2A selects a second time frame
and the IC card 2B selects a fourth time frame.        The IC card 2A first
monitors the first time frame. In this case, since K=1 and m=2 are
achieved, the IC card 2A carries out the monitoring during the 10time width
p. The IC card 2A confirms that there is no response from the other IC card
2B during the time width p from the start time tl of the first time frame.
The IC card 2A controls to start transmission of a response after end of
the monitoring time (the time 15tl+D). Further, the IC card 2B first
monitors the first time frame. In this case, since K=1 and m=4 are
achieved, the IC card 2B carries out the monitoring during the time width
3p. The IC card 2B detects that 



20the IC card 2A transmits a response to the terminal device 1 at the time
tl+p. Therefore, the IC card 2B proceeds to the monitoring of the next time
frame (the second time frame). In this case, since K=2 and m=4 are
achieved, the 25 IC card 2B performs the monitoring during a time width 2p.
The IC card 2B confirms that there is no response from the other IC card 2A
during the time width 2p from  25 the start time t2 of the second time
frame. The IC card 2B controls to start transmission of a response after
end of the monitoring time (the time t2+2p). FIG. 7 is a flowchart for
explaining an example of 5initial response processing of the IC card 2
according to the second embodiment. The IC card 2 waits until it receives a
request from the terminal device 1 (a step S31). When receiving the request
(a step S32), the CPU 25 of the . 10IC card 2 recognizes the total time
frame number n set by the terminal device 1 (a step S33).        The CPU 25
generates a random number by using the random number generation unit 30 (a
step S34). The CPU 25 selects one time frame m based on the random number
15generated by the random number generation unit 30 (a step S35). 



The CPU 25 monitors the time frame K that precedes the time frame m
selected based on the random number (a step S36). In this case, the CPU 25
carries out the 20monitoring during a predetermined time P=p.(m-K) in the
time frame K.        The CPU 25 determines whether the other IC card 2
transmits a response to the terminal device 1 during the predetermined time
P (a step S37). 25When communication performed by the other IC card 2 is
detected during the monitoring at the step S37 (the step S37, YES), the CPU
25 adds 1 to K (a step  26 S38) and monitors the next time frame.
Further, when the communication performed by the other IC card 2 is not
detected during the monitoring at the step S37 (the step S37, NO), the CPU
25 controls each unit in the IC card 2 to transmit a response the terminal
device 1 after end of the monitoring time (a step S39).       As described
above, when the IC card 2 according to this embodiment has received the
initial response request command, it recognizes the total time frame .
number based on the command. The IC card 2 selects a time frame based on
the random number and retrieves a time frame which precedes the selected
time frame and is not selected by the other IC card 2. When the time frame
which is not selected by the other IC card 2 is detected, the IC card 2
transmits a response to the terminal device 1 in this time frame. As a
result, .a processing time can be reduced.       Furthermore, the CPU 25 of
the IC card 2 executes control in such a manner that the monitoring time P
in each time frame is reduced as a value of the first selected time frame m
is smaller. As a result, the collision can be avoided.       Consequently,
the portable electronic apparatus that can execute processing at a higher
speed and the control method of the portable electronic apparatus can be
provided.  27 



A portable electronic apparatus according to a third embodiment will now be
described hereinafter in detail with reference to the drawings.
FIG. 8 is a diagram for explaining .a structural 5example of an IC card 2
according to a third embodiment.       The IC card 2 includes a card-like
main body 21 and an IC module 22 built in the main body 21. Furthermore, in
the IC module 22 are provided a CPU 10101, an ROM 102, an RAM 103, a
nonvolatile memory 104, a resonance unit 105, a transmission unit 106, a
reception unit 107, a power supply unit 108 and a logic unit 109. The CPU
101 functions as a control unit that 15controls the entire IC card 2. The
CPU 101 executes various kinds of processing based on a control program and
control data stored in the ROM 102 or the nonvolatile memory 104. For
example, it executes various kinds of processing in accordance with
commands 20received from a card reader/writer 14 and generates data such as
a response as a processing result.       The ROM 102 is a nonvolatile
memory that stores a control program and control data in advance. The ROM
102 is incorporated in the IC card 2 in a state that 25the ROM 102 stores
the control program, the control data and others on a manufacturing stage.
That is, the control program and the control data stored in the ROM  28 



102 are incorporated in accordance with a specification of the IC card 2 in
advance.       The RAM 103 is a nonvolatile memory that functions as a
working memory. The RAM 103 temporarily stares, 5e.g., data that is being
processed by the CPU 101. For example, the RAM 103 temporarily stores data
received from the terminal device 1 via the reception unit 107.
Furthermore, the RAM 103 temporarily stores a program executed by the CPU
101. 10The nonvolatile memory 104 is constituted of a nonvolatile memory
such as an EEPROM or a flash ROM in which data can be written and
rewritten. The  nonvolatile memory 104 stores a control program and various
kinds of data in accordance with an intended 15operational purpose of the
IC card 2.       For example, in the nonvolatile memory 104, a program
file, a data file and others are created. In each created file, a control
program, various kinds of data and others are written. The CPU 101 can
realize -20various kinds of processing by executing a program stored in the
nonvolatile memory 104 or the ROM 102.       The transmission unit 106 and
the reception unit 107 are interfaces configured to perform contactless
communication with the-card reader/writer 14 of the  25 terminal device 1.
The transmission unit 106 performs coding, modulation and others and
transmits data. The reception unit 107 performs demodulation and decoding
29 after receiving data.       The resonance unit 105 includes, e.g., an
antenna that carries out contactless communication with the card
reader/writer 14 of the terminal device 1. 



5Furthermore, the resonance unit 105 includes a transmission/reception
circuit and a signal processing unit that amplifies transmission/reception
data.       The power supply unit 108 receives electric waves from the card
reader/writer 14 to generate 10electromotive force and an operation clock.
The power supply unit 108 supplies the generated electric power and
operation clock to each unit in the IC card 2. When each unit in the IC
card 2 has received the electric power supplied thereto, it enters an
operable 15state.       The logic unit 109 realizes various functions such
as arithmetic operations, random number generation and others. For example,
when an initial response request is received from the card reader/writer
14, the logic 20unit 109 generates a random number.       Operations of the
IC card 2 in this embodiment will now be described.       The IC card 2
executes operations that differ depending on a case of responding to a
first initial 25response request in which 2 or a higher value is specified
as a total number N of slots and a case of responding to an initial
response request in which a  30 slot to be transmitted later is specified. 



FIG. 9 is a diagram for explaining an operation of the IC card 2 when
responding to the first initial response request in which 2 or a higher
value is specified as the total number N of slots. FIG. 9 shows an
operation of a card A when the total number N = 4 of slots specified by the
terminal device 1. In this case, the card A recognizes that four slots,
i.e., "a slot 0", "a slot 1", "a slot 2" and "a 10slot 3" are set in the
terminal device 1. The IC card A generates a random number by using the
logic unit 109 and selects a value n indicative of a slot associated with
the generated value. In this case, "the slot 0" is associated with n=0,
"the slot 1" is associated with 15n=1, "the slot 2" is associated with n=2
and "the slot 3" is associated with n=3, respectively.       According to
the example depicted in FIG. 9, the IC card A selects n=3 based on the
generated random number after receiving the first initial response
20request from the terminal device 1. Therefore, the card A responds when a
slot marker command specifying 3 as a slot is received under normal
circumstances as indicated by an arrow of a dotted line in FIG. 9. However,
the card A checks whether it can respond 25to 0 as a slot, i.e., the first
initial response request. Thus, after receiving the first initial response
request, the card A determines.whether the  



31 other IC card 2 has transmitted a response in each slot.       For
example, if an order of a slot to be monitored is s, the IC card 2 monitors
whether the other IC card 52 makes an initial response during a time
tx(n-s) after receiving a response request indicative of each slot. In this
case, "the slot 0" is associated with s=0, "the slot 1" is associated with
s=1, "the slot 2" is associated with s=2 and "the slot 3" is associated
with 10s=3, respectively.       According to the example depicted in FIG.
9, the IC card 2 selects n=3 and monitors the slot 0 (s=0). In this case,
the IC card 2 monitors whether the other IC card 2 makes an initial
response during a time 15tx(n-s)=3t after receiving the response request
indicative of the slot 0.       It is to be noted that the card A can
determine whether the other IC card 2 is executing communication processing
by detecting a change in magnetic field by 20using an antenna provided to
the resonance unit 105.       If it is revealed that the other IC card 2 is
making a response during this time 3t, the other IC card 2 that has
selected the slot 0 to the slot 2 is present. On the other hand, if the
other IC card 2 25does not make a response during this time 3t, the card A
has selected the smallest n. In this case, the IC card A can respond to the
first initial response 



32 request. That is, the IC card A transmits a response to the terminal
device 1 in the slot 0.       Thus, when the card A has recognized that
there is no initial response from the other contactless Ic card 5before the
time 3t passes, it makes the initial response after elapse of the time 3t.
In FIG. 9, an arrow of a solid line indicates that the card A responds to
the first initial response request. When the card A has recognized that the
other 10contactless IC card made the initial response' before the time 3t
passes, it executes an operation depicted in FIG. 10. FIG. 10 is a diagram
for explaining an operation of the IC card 2 when responding to a second or
15subsequent initial response request in which 2 or a higher value is
specified as the total number N of slots. In FIG. 10, in a case where the
total number N = 4 of slots specified from the terminal device 1, the card
A selects the number n (n=3) as shown in 20FIG. 9, and the card B selects
the number n (n=1).       In FIG. 9, as the described above about the card
A, the card B monitors a response from the other IC card 2 before a time
tx(n-s)=t i^s ended in the slot 0 after receiving the first initial
response request. 25The card B recognizes that there is no response from 



the other IC card 2 and makes a response after elapse of the time t.  33
After receiving the first initial response request, the card A monitors a
response from the other IC card 2 during a time tx(n-s)=3t in the slot 0.
At this time, since there is a response from the card B, the card A
recognizes that there is a response from the other IC card 2 and does not
make a response.       Thereafter, the terMinal device 1 issues a second or
subsequent initial response request with respect to the contactless IC card
that has selected the slot 1 10(n=1). When receiving the second or
subsequent response requet indicating the slot 1, the card A monitors a
response from the other IC card 2 until a time tx(n-s)=2t passes. When the
card A recognizes that there is no response from the other IC card 2
15until the time 2t passes, it responds to the terminal device 1 in the
slot 1.       On the other hand, when the card A has recognized that the
other IC card 2 made a response in regard to the slot 1 before the time 2t
passes, it monitors the 20slot 2. That is, when receiving the second or
subsequent initial response request (the third initial response request in
this case) indicating the slot 2 (n=2), the card A monitors a response from
the other IC card 2 until a time tx(n-s)=t passes. When the card A
25recognizes that there is no response from the other IC card 2 before the
time t passes, it responds to the terminal device 1.  34       Further,
when the card A has recognized that the other IC card 2 made a response in
regard to the slot 2 before the time t passes, it responds to the terminal
device 1 without delay after receiving the response 



5request from the terminal device 1 specifying the slot 3 in accordance
with a first slot selection result. FIG. 11 is a flowchart showing an
operation of the IC card 2 when responding to the initial response request
in which 2 or a higher value is specified as 10the total number N of the
slots.       At a step S41,. the Ic card 2 waits until it receives the
initial response request from the terminal device 1. At a step S42, the
total slot number N is specified in the received initial response request
from 15the terminal device 1. At a step S43, the IC card 2 determines the
value specified in the initial response request as N and selects an
arbitrary number n in numbers from 0 to (N-1) by utilizing the logic unit
109 to generate a random number. 20It is to be noted that the respective
slots in this example are provided with numbers, i.e., the slot 0 to the
slot 3. Therefore, although a description will be given as to the IC card 2
configured to select n from the numbers from 0 to N-1, the embodiment is
not 25restricted to this configuration. When the respective slots are
provided with the numbers, i.e., the .slot 1 to the slot 4, the IC card 2
selects n from numbers  35 ranging to N.       At a step S44, whether the
selected number n is 0 is checked. In case of Yes at the step S44, i.e.,
when n is 0, the IC card 2 immediately makes a response at a 



5step S45. In case of No at the step S44, i.e., when n is not 0, the
processing advances to a step S46.       At the step S46, the IC card 2
determines a fixed time as t after receiving the initial response request
from the terminal device 1 and monitors whether there  10 is a response
from the other IC card 2 until a time tx(n-s) passes. It is to be noted
that a value "s" corresponds to the number of a slot to be monitored.
In case of YES at the step S46, i.e., when it has been recognized that
there is a response from the other 15IC card 2 within the monitoring time
tx(n-s), the IC card 2 waits for reception of the next response request
transmitted from the terminal device 1 at a step S47. When the IC card
receives the response request indicative of the next slot at the step S47,
1 is added 20to s at a step S48, and the processing forms a loop to the
step S46. That is, the IC card 2 again shifts to a state where the next-
slot is monitored. Here, the IC card 2 again determines whether there is a
response from the other IC card 2 within the monitoring time 25tx(n-s).
On the other hand, in case of NO at the step S46, i.e., when it has been
recognized that there is no  36 response from the other IC card 2 within
the monitoring time tx(n-s), the IC card 2 transmits a response to the
terminal device 1 at a step S49. That is, the IC card 2 receives the
response request and transmits a 5response to the terminal device 1 after
elapse of the 



time tx(n-s) from the start time of the slot.       It is to be noted that
the description has been given as to the configuration where the IC card 2
determines to immediately send a response to the 10terminal device 1 when
n=0, but the embodiment is not restricted to this configuration. The IC
card 2 may be configured to shift to the step S46 and effect monitoring for
the time t(n-s) when n=0. In this case, since t.(n-s)=0.t is achieved, the
IC card 2 carries out 15processing of transmitting a response to the
terminal device 1 from the beginning of the start time of the time frame of
the slot 0.       As described above, in each embodiment, even at the time
of receiving the initial response request for 20the IC card 2 which has
selected the number m that is smaller than the selected number n,
presence/absence of a response from the other IC card 2 is monitored, and a
response operation is carried out in accordance with a result of this
monitoring. Therefore, the IC card 2 25can reduce the initial response
communication time as compared with the conventional slot marker system. It
is to be noted that, when a collision occurs in  37 the response operation,
the terminal device 1 can again transmit the first initial response request
to the IC card 2. It is to be noted that the functions described in 



5each of the foregoing embodiments can be configured by not only using
hardware but also utilizing software to read a program having each function
written therein into a computer. Furthermore, each function may be
configured by appropriately selecting one of the 10software and the
hardware.       Although the several embodiments according to the present
invention have been described, these embodiments are presented as examples,
and they are not intended to restrict the scope of the invention. These 15
novel embodiments can be carried out in other various conformations, and
they can be omitted, substituted or changed in many ways without departing
from the scope of the invention. These embodiments and deformations thereof
are included in the scope or the gist of the 20present invention and also
included in the invention described in claims and an equal scope thereof.
Industrial Applicability       According to an embodiment, the portable
electronic apparatus that can execute processing at a 25high speed and the
control method of the portable electronic apparatus can be provided.  38
CLAIMS 



1. A portable electronic apparatus which generates a random number and
makes a response at a timing associated with the generated random number,
5characterized by comprising:       a reception unit which receives an
initial response request from an external device; a recognition unit which
recognizes a total timeframe number set in the external device based on
10the initial response request received by the reception unit;       a
random number generation unit which generates a random number; a
communication detection unit which detects 15communication performed in
another portable electronic apparatus;       a determination unit which
monitors one timeframe by using the communication detection unit based on
the total timeframe number recognized by the recognition 20unit and the
random number generated by the random number generation unit, and
determines whether a response to the initial response request is to be
transmitted to the external device based on a detection result obtained by
the communication detection unit; 25and a transmission unit which transmits
the response  



39 obtained by the determination unit.        2. The apparatus according to
claim 1, characterized by further comprising a timeframe selection unit
which selects a timeframe based on the 5total timeframe number recognized
by the recognition unit and the random number generated by the random
number generation unit, wherein the determination unit reselects one
timeframe that precedes the timeframe selected by the 10timeframe selection
unit, monitors the timeframe reselected by the communication detection unit
and determines whether a response to the initial response request is to be
transmitted to the external device based on a detection result obtained by
the 15communication detection unit.        3. The apparatus according to
claim 2, characterized in that, when a relationship of m>n/2 is satisfied,
the determination unit reselects a timeframe associated with a number
n-m+1, where n is the total 20timeframe number set by the external device
and m is a number of the timeframe selected by the timeframe selection
unit.        4. The apparatus according to claim 3, characterized in that
the determination unit determines 25whether communication is carried out in
another portable electronic apparatus within a predetermined time from a
start time of the reselected timeframe  



40 based on a detection result obtained by the communication detection
unit.        5. The apparatus according to claim 3, characterized in that,
when the determination unit 5determines that the communication is not
performed in another portable electronic apparatus within the predetermined
time from the start time of the reselected timeframe, it determines to
transmit a response to the external device in the reselected 10timeframe.
6. The apparatus according to claim 3, characterized in that, when the
determination unit determines that the communication is carried out in
another portable electronic apparatus within the 15predetermined time from
the start time of the reselected timeframe, it determines to transmit a
response to the external device within the timeframe selected by the
timeframe selection unit.        7. The apparatus according to claim 2,
20characterized in that the determination unit reselects one timeframe
satisfying a relationship of Km, where m  is a number of the timeframe
selected by the timeframe selection unit and K is a number of the timeframe
to be reselected. 258. The apparatus according to claim 7, characterized in
that the determination unit determines whether the communication is carried
out in another  



41 portable electronic apparatus within a predetermined time from a start
time of the reselected timeframe based on a detection result obtained by
the communication detection unit. 59. The apparatus according to claim 8,
characterized in that the determination unit performs monitoring by using
the communication detection unit during a period of p(m-K) from the start
time of the reselected timeframe, where p is a time required for
10detection performed by the communication detection unit.       10. The
apparatus according to claim 8, characterized in that, when the
determination unit determines that the communication is not performed in
15another portable electronic apparatus within the predetermined time from
the start time of the reselected timeframe, it determines to transmit a
response to the external device in the reselected time frame. 2011. The
apparatus according to claim 8, characterized in that, when the
determination unit determines that the communication is performed in
another portable electronic apparatus within the predetermined time from
the start time of the 25reselected timeframe, it adds 1 to K which is a
number of the reselected timeframe. 12. The apparatus according to claim 1,
42 characterized by further comprising a logic unit which 



generates a natural number n based on the total timeframe number recognized
by the recognition unit and the random number generated by the random
number 5generation unit,       wherein the determination unit determines a
predetermined time as t, recognizes a number s indicative of a timeframe
based on a response request received by the reception unit, performs
monitoring by 10using the communication detection unit during a period
t.(n-s) from a start time of a timeframe represented by the response
request, and determines whether a response to the initial response request
is to be transmitted to the external device based on a detection 15result
of the communication detection unit.        13. The apparatus according to
claim 12, characterized in that, when the determination unit determines
whether communication is carried out in another portable electronic
apparatus during the period 20of t(n-s) from the start time of the
timeframe represented by the response request based on the detection result
obtained by the communication detection unit and determines that the
communication is not performed in another portable electronic apparatus,
25it determines to transmit a response to the external device in the
tfmeframe represented by the response request.  43       14. The apparatus
according to claim 1, characterized by further comprising: an IC module
comprising the respective units; and a main body in which the IC module is
installed. 



515. A control method of a portable electronic apparatus which generates a
random number and makes a response at a timing associated with the
generated random number, characterized by comprising: receiving an initial
response request from an 10external device;       recognizing a total
timeframe number set in the external device based on the received initial
response request; generating a random number; 15detecting communication
performed by another portable electronic apparatus in one timeframe based
on the recognized total timeframe number and the generated random number;
determining whether a response to the initial 20response request is to be
transmitted to the external device based on the detection result; and
transmitting the response to the external device based on the determination
result. 






