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OFDM SIGNAL TRANSMISSION SYSTEM,
PORTABLE TERMINAL AND E-COMMERCE
SYSTEM

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE TO RELATED
APPLICATION

The present application 1s a divisional application of pend-
ing U.S. patent application Ser. No. 10/002,621, filed on Dec.
5, 2001, which claims priority based upon Japanese Patent
Application Nos. 2000-371539 filed on Dec. 6, 2000, 2000-
371570 filed on Dec. 6, 2000; and 2000-403517 filed on Dec.
28, 2000, the contents of which are expressly incorporated by
reference herein in their entirety.

NOTICE: Movre than one reissue application has been filed
of U.S. Pat. No. 7,809,407. In particular, continuation reissue
application Ser. Nos. 13/737,485, 13/737,512 and 13/737,
531 were each filed on Jan. 9, 2013. Additionally, further
continuation veissue applications Sev. Nos. 13/780,563,
13/780,633, 13/780,609, 13/780,595, and 13/780,575 were
each filed on Feb. 28, 201 3.

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to an OFDM signal transmis-

s1on system used for digital terrestrial broadcasting and elec-
tronic commerce using communications.

2. Description of the Related Art

Regardless of the type of a transmission path such as sat-
ecllite, cable and terrestrial, broadcasting 1s being digitalized
more and more on a worldwide scale in recent years. Of these
digital broadcasting systems, the European and Japanese
digital broadcasting systems use an Orthogonal Frequency
Division Multiplex (heremafter referred to as “OFDM”)
transmission system.

The OFDM transmission system modulates multiple car-
riers orthogonal to one another with information to be trans-
mitted for every symbol period, multiplexes those modulated
signals and transmits the multiplexed signal. When the num-
ber of carriers used increases, the symbol period of each
modulated signal becomes extremely long, and therefore the
OFDM transmission system 1s characterized in that 1t 1s less
susceptible to multi-path interference.

Furthermore, the OFDM transmission system provides a
redundant period called a “guard period” for every symbol
period, thereby prevents interference between symbols and
turther enhances resistance to multi-path interference. Such a
redundant period can be provided because the symbol period
of an OFDM signal 1s extremely long and a reduction of the
transmission capacity due to the addition of the redundant
period can be confined within an allowable range.

FIG. [48] ] is a schematic view showing a configuration of
an OFDM signal. Hereinalter, a period necessary to transmuit
information will be referred to as an “eflective symbol period
and the effective symbol period plus a guard period” as a
whole will be referred to as a “symbol period”. As shown in
the hatching in the figure, the guard period of the OFDM
signal 1s a cyclic copy of the last part (copy part) of the
elfective symbol period.

10

15

20

25

30

35

40

45

50

55

60

65

2

Then, FIG. [49] 2 will explain how the guard period
increases the resistance to multi-path interference. A desired
signal or a delay signal 1n the figure denotes an OFDN signal
that has arrived with a time difference of T and G1 and G2
denote guard periods of the first and second symbols respec-
tively and S0, S1 and S2 denote effective symbol periods of
the Oth, first and second symbol respectively. Here, the
desired signal and the delay signal recerve different symbols
during period A and period B and receive the same signal
during period C. That 1s, as far as time diflerence T 1s shorter
than the guard period, interference between symbols by the
delay signal remains within the guard period and never
adversely affects the effective symbol period of the desired
signal.

Using the OFDM transmission system as the transmission
system for digital terrestrial broadcasting makes it possible to
implement an SFN (Single Frequency Network) that con-
structs a relay network using a single frequency by capitaliz-
ing on this feature of high resistance to multi-path 1nterfer-
ence and use frequency resources effectively.

FIG. [50(a)] 3(a) shows a case where a large-scale SFN is
constructed using a high power relay station and FIG. [50(b)]
3(b) shows a case where a small-scale SFN 1s constructed
using a small power relay station. When FIG. [50(a)] 3(a) is
compared with FIG. [50(b)] 3(54), the distance between relay
station 1A and relay station 2A is larger in FIG. [50(a)] 3(a)
and the time difference until a broadcast signal arrives from
the respective relay stations at reception point 3A 1s also
greater. Therefore, constructing the large-scale SFN shown 1n
FIG. [50(a)] 3(a) requires a longer guard period than con-
structing the small-scale SFN shown in FIG. [50(b)] 3(b).

However, taking a longer guard period requires an
increased redundant time accordingly, and for all the
increased symbol period based on the OFDM transmission
system, reducing the transmission capacity poses a problem
when high definition television (hereinafter referred to as
“HDTV™) video signals with a high volume of information
are broadcast.

Therefore, when minimizing the reduction of transmission
capacity due to a guard period to construct a large-scale SFNN,
it 1s advantageous to take a longer symbol period.

On the other hand, the digital terrestrial broadcasting sys-
tem 1n Japan adopts Diflerential Quaternary Phase Shift Key-
ing (hereinatiter referred to as “DQPSK”™) or time interleave
that scatters data of symbols adjacent in terms of time as the
modulation system of each carrier, and thereby allows stable
reception even in a mobile unit reception environment where
the transmission path characteristic changes with time.

In this case, a shorter symbol period is less susceptible to
time variations and allows stable reception performance even
during a high-speed movement.

Thus, an optimal symbol period length varies depending on
the service contents when HD'TV video images are broadcast
using a large-scale SFN or when services are broadcast to a
mobile unit traveling at high speed, eftc.

In order to respond to such a demand, as shown in FIG. [51]
4, the digital terrestrial broadcasting system in Japan provides
three types of mode with different effective symbol period
lengths and four types of guard period ratio (ratio of guard
period length to effective symbol period length) for the
respective modes. Hereatter, this combination of a total o1 12
types will be referred to as “transmission mode”. Of these
types, for example, both the guard period ratio 1/8 and the
guard period ratio 1/4 1n mode 3 have the same guard period
length o1 126 usec.

Once the locations of relay stations of a broadcaster are
determined, 1t 1s possible to estimate a maximum value of
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differences 1n time required for a broadcast signal to arrive
from each relay station at a reception point within the service
area and a necessary guard period length 1s determined from
the numerical value. This numerical value varies from one
relay network to another, and therefore the guard period
length and the accompanying eflective symbol period length
may vary depending on the region or broadcaster etc.

Furthermore, when the guard period length determined by
a relay station 1s, for example, aforementioned 126 usec, the
broadcaster can select whether the guard period ratio in mode
3 should be set to 1/8 or the guard period ratio in mode 2
should be set to 1/4. At this time, it 1s also possible to switch
between these two transmission modes depending on the
service content of a program, for example, using the guard
period ratio 1/8 1n mode 3 to increase the transmission capac-
ity for a program broadcasting HDTV 1mages and the guard
period ratio 1/4 in mode 2 to provide services to high-speed
mobile units stably for a program broadcasting services for
mobile units.

Furthermore, after a broadcasting service 1s started, when
the distance between relay stations decreases due to additions
of relay stations and the aforementioned time difference
decreases, the necessary guard period length also decreases.
However, since the guard period 1s a redundant period which
would originally be unnecessary for transmission of informa-
tion, the guard period length 1s naturally changed to a mini-
mum necessary length from the standpoint of effective use of
frequency resources.

As shown above, the transmission mode expressed by a
combination of the effective symbol period length and guard
period ratio may vary depending on the region or broadcaster
and a certain broadcaster may also change with time.

On the other hand, demodulation processing for an OFDM
signal on the recerving side extracts only the period necessary
for demodulation from a recerved signal, applies Fast Fourier
Transtorm (heremafter referred to as “FF17) to the signal,
thereby separates the carriers sent aiter being multiplexed and
then applies detection processing according to each carrier
modulation system. In the process of that processing, the
transmission mode such as an effective symbol period length
and guard period ratio constitutes indispensable information.

Thus, when the transmission mode of a recerved signal 1s
unknown, the method for automatically acquiring the afore-
mentioned transmission mode information from the received
signal itself through signal processing 1s disclosed in Patent
(Gazette No. 2863747 or Patent Gazette No. 2879034, etc.

The prior arts disclosed 1n these literatures take advantage
of the fact that a guard period of an OFDM signal 1s a cyclic
copy ol a signal at the tail of an effective symbol period,
calculate a correlation between the received signal and a
signal obtained by delaying the recerved signal by an esti-
mated effective symbol period length, analyze the wavetform
of this correlation signal, and thereby decide the effective
symbol period length and guard period length.

Conventionally, people have been conducting various
kinds of electronic commerce, for example, purchasing prod-
ucts using a communication network such as the Internet. In
such electronic commerce, products to be traded are posted
on a homepage, for example. The user accesses this homep-
age from his/her own terminal over the Internet, selects a
product to be purchased and at the same time enters user
information that identifies the user.

Then, the user enters a credit number and an ID during a
settlement period and specifies a settlement method such as
payment on delivery. A homepage operating organmization
(center) authorizes the placement of an order for the product
upon completion of such entries and a supplier that has
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received the order delivers the product to the user and receives
payment according to the specified settlement method.

However, according to the transmission system using the
aforementioned OFDM system, an OFDM signal 1s recerved
and then the transmission mode 1s decided from the recerved
signal, and therefore the time after the user selects desired
information until the user recerves the information includes a
time for the above-described decision. which prevents quick
response to the user’s demand.

Furthermore, when a broadcaster switches between trans-
mission modes according to the service content of a program
as described above, demodulation processing 1s temporarily
broken up immediately after the switchover and it 1s not until
transmission mode decision processing 1s recovered from that
state and the decision result 1s obtained that 1t 1s possible to
output information after the switchover of the transmission
mode, and therefore a supply of information to the user 1s
suspended for a long time.

Furthermore, the aforementioned electronic commerce
using a communication network involves problems concern-
ing security and complexity of settlement. With regard to the
security with the use of a credit card, there 1s concern about
falsification, etc. With regard to settlement, settlement with a
simpler procedure 1s accompanied by lower reliability of
security. On the other hand, attempting to achieve both the
security and ease of settlement results 1n an increase 1n the
scale of system configuration.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide an elec-
tronic commerce system with a simple configuration capable
ol achieving both reliability of security and ease of settle-
ment.

This object 1s attamned by providing a portable terminal
with a reception section for recerving product information
and service mformation and a barcode formation section for
forming a barcode based on the received information, dis-
playing the barcode formed by the barcode formation section
on a display section, reading this barcode using a barcode
reader provided for a terminal at a shop, etc. and thereby
conducting electronic commerce.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and features of the mvention
will appear more fully hereinafter from a consideration of the
following description taken 1n connection with the accompa-
nying drawing wherein one example 1s 1llustrated by way of
example, 1n which;

FIG. 1 1s a schematic diagram showing a conventional
configuration of an OFDM signal;

FIG. 2 1s a schematic diagram illustrating an effect of a
guard period;

FIG. 3(a) 1s a schematic diagram showing a configuration
of a large-scale SFN;

FIG. 3(b) 1s a schematic diagram showing a configuration
of a small-scale SFN;

FIG. 4 illustrates a ratio of a guard period length to an
elfective symbol period length in each mode according to a
digital terrestrial broadcasting system;

FIG. 5 1s a block diagram showing a configuration of a
digital terrestrial broadcasting reception apparatus according
to a first embodiment of the present invention;

FIG. 6 1s a block diagram showing an internal configura-
tion example of the OFDM demodulation section 1n FIG. §;

FI1G. 7 illustrates a content of TMCC information:
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FIG. 8(a) 1s a tlow chart showing a preset mode of the CPU
in FIG. §;

FI1G. 8(b) 1s a tlowchart showing an audiovisual mode of
the CPU 1n FIG. 5;

FIG. 9 1llustrates a content of the storage section in FIG. 5;

FIG. 10 1s a block diagram showing a configuration of an
OFDM signal transmission system according to a second
embodiment of the present invention;

FIG. 11 1s a block diagram showing a configuration of an
OFDM signal transmission system according to a third
embodiment of the present invention;

FIG. 12 1s a block diagram showing a configuration of an
OFDM signal transmission system according to a fourth
embodiment of the present invention;

FI1G. 13 1s a flow chart showing an operation of the CPU in

FIG. 12;

FI1G. 14 1llustrates a content of program information;

FIG. 15 1s an overall view of a T mode cellular phone
system according to a fifth embodiment of the present inven-
tion;

FI1G. 16 1llustrates a relationship between movements of a
T mode cellular phone and a plurality of service areas;

FIG. 17 1s a block diagram showing a configuration of a
cellular base station according to the fifth embodiment;

FI1G. 18(a) 1llustrates reception data in standby mode;

FIG. 18(d) illustrates reception data 1n communication
mode;

FI1G. 19 1llustrates transmission information and a content
of transmission information;

FI1G. 20(a) 1llustrates bands of a normal broadcasting sta-
tion;

FI1G. 20(b) illustrates bands of a broadcasting station that
carries out partial broadcasting;

FI1G. 20(c) illustrates a band diagram of a dedicated data
broadcasting station;

FI1G. 21 1s a block diagram showing a configurationof a T
mode cellular phone;

FI1G. 22 1llustrates a transmission information pattern table,
frequency control and time control tables;

FIG. 23 1s a flow chart of a procedure for acquiring trans-
mission information, first and second transmission informa-
tion;

FI1G. 24 1s a flowchart of a procedure for converting trans-
mission information to pattern information;

FI1G. 25 1s a flow chart of a procedure for acquiring trans-
mission mformation of a field intensity control system;

FI1G. 26 1s a flow chart of a procedure for acquiring trans-
mission mformation of a frequency control system;

FI1G. 27 1s a flow chart of a procedure for acquiring trans-
mission information and {irst and second transmission 1nfor-
mation;

FI1G. 28 1s a flow chart of a procedure for acquiring trans-
mission information and first and second transmission nfor-
mation;

FI1G. 29 1s a flow chart of a procedure for converting trans-
mission information to pattern information;

FI1G. 30 1llustrates a procedure for authenticating a cellular
phone, virtual shop and real shop according to a sixth embodi-
ment of the present invention;

FIG. 31(a) 1llustrates a menu screen of a cellular phone
according to the sixth embodiment of the present invention;

FI1G. 31(b) illustrates a screen 1n barcode mode;

FI1G. 31(c) 1llustrates an airplane ticket selection screen;

FIG. 31(d) 1llustrates a musical entertainment selection
screen;

FI1G. 31(e) 1llustrates an attraction selection screen;
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FIG. 32(a) illustrates a display pitch of a main display
section;

FIG. 32(b) 1llustrates pixels of the main display section;

FIG. 32(c¢) illustrates pixels of a sub-display section;

FIG. 32(d) illustrates a display pitch of a sub-display sec-
tion;

FIG. 33(a) 1llustrates an A-A' sectional view of the display
element 1n FIG. 32;

FIG. 33(b) 1llustrates an B-B' sectional view of the display
element 1n FIG. 32;

FIG. 34 1llustrates a barcode reader;

FIG. 35 1s a block diagram showing a configuration of an
optical detection section and display section;

FIG. 36 1s a flow chart showing a display procedure of the
display section;

FIG. 37 illustrates configurations of a server, client and
actual shop;

FIG. 38 1s a flow chart showing an admission processing,
procedure;

FIG. 39(a) illustrates a menu screen of a cellular phone;

FIG. 39()) 1llustrates a screen in barcode mode;

FIG. 40 1s a flow chart of a screen display of a cellular
phone;

FIG. 41 1s a flow chart of a screen display of a cellular
phone;

FIG. 42(a) 1s a top view of a portable device;

FIG. 42(b) illustrates a barcode display;

FIG. 43(a) 1s a timing chart of a barcode screen display
when each barcode 1s displayed at predetermined intervals;

FIG. 43(b) 1s a timing chart of a barcode screen display
when a barcode 1s displayed at itervals only at the start of
data;

FIG. 44 1s a timing chart of a barcode screen display;

FIG. 45(a) 1s a timing chart of a barcode screen display;

FIG. 45(b) 1llustrates a detection signal by a barcode
reader;

FIG. 45(c) illustrates a quantity of reflected light;

FIG. 46(a) illustrates a data structure of electronic money;

FIG. 46(b) illustrates a data structure of encrypted elec-
tronic money;

FIG. 47 1s a block diagram showing a configuration of a
cellular phone when a barcode 1s automatically displayed
through a local communication;

FIG. 48(a) 1s a flow chart showing a processing procedure
of a cellular phone that selectively establishes a communica-
tion session through a local radio communication with a
barcode;

FIG. 48(b) 1s a tlow chart showing a processing procedure
of a POS terminal that selectively establishes a communica-
tion session through a local radio communication with a
barcode;

FIG. 49(a) 1s a flow chart showing a processing procedure
ol a cellular phone that establishes a communication session
through a local radio communication by displaying a random
number as a session 1D with a barcode;

FIG. 49(b) 1s a tflow chart showing a processing procedure
of a POS terminal that establishes a communication session
through a local radio communication by displaying a random
number as a session ID with a barcode;

FIG. 50 1s a flowchart showing a processing procedure of a
cellular phone that automatically displays a barcode through
a local communication; and

FIG. 51 1llustrates a structure of coupon data when a bar-
code 1s automatically displayed through a local communica-
tion.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

With reference now to the attached drawings, embodi-
ments of the present mnvention will be explained below.

Clocks and control signals, etc. necessary for operation of
cach block in block diagrams except those necessary to
explain operations of the present invention will be omitted as
it would complicate drawings otherwise

(1) First Embodiment

FIG. [1] 5 is a block diagram showing a configuration of
digital broadcasting reception apparatus 10A according to a
first embodiment of the present invention.

This embodiment assumes a use mainly 1n a fixed reception
environment such as household when the transmission mode
does not change 1n a short time such as a program unit though
the transmission mode may vary depending on the region or
broadcaster, etc.

In FIG. [1] 5, antenna 101 supplies a digital broadcast
signal to an 1input of tuner 102. This tuner 102 selects a signal
ol a channel of the user’s choice from the digital broadcast
signal supplied from antenna 101, converts the frequency of
the signal from a radio frequency band to a base frequency
band and supplies the output to an mput of OFDM demodu-
lation section 103. OFDM demodulation section 103 applies
processing such as demodulation and error correcting to the
digital broadcast signal of the base frequency band to repro-
duce the transmission information string and supplies the
output to an input of information source decoding section
104.

Here, the transmission information string has a format
called “transport stream (hereimaiter referred to as “I'S”) of
MPEG2 (Moving Picture Experts Group 2) in which video
information and speech information subjected to high eifi-
ciency coding (compression) and data, etc. are multiplexed.

Information source decoding section 104 separates the
transmission information string mto video information,
speech information and data, decodes the video information
and speech information subjected to high efficiency coding,
then supplies the decoded video mformation and speech
information to an input of output section 1035 and supplies the
data to CPU (Central Processing Unit) 107 via information
bus 110. Output section 105 presents the decoded video,
speech or a message, etc. from CPU 107 to the user.

Input section 106 recerves an instruction from the user and
transmits the content of the instruction to CPU 107. CPU 107
controls each block through control bus 109 based on mstruc-
tions, etc. of the user f-from the mput section. CPU 107
turther receives the data separated by information source
decoding section 104 or outputs a message, etc. to be pre-
sented to the user to output section 105 through mnformation
bus 110. Storage section 108 stores information required for
this digital broadcasting reception apparatus 10A to operate.

Here, mput section 106 includes not only buttons, etc.
provided for this digital broadcasting reception apparatus
10A 1itself but also buttons provided for an external remote
controller, etc. or an interface between the remote controller
and this apparatus.

FIG. [2] 6 is a block diagram showing an internal configu-
ration example of OFDM demodulation section 103 1n FIG.
[1] 5 and the output of tuner 102 is supplied to an input of
quadrature detector 1031 mnside OFDM demodulation sec-
tion 103. quadrature detector 1031 performs quadrature
detector on the digital broadcast signal of the base band to
transform into a complex number signal made up of an in-
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phase axis (heremafiter referred to as “I-axis”) and a quadra-
ture axis (hereinafter referred to as “(Q-axis”) signal and sup-
plies the output to guard period elimination section 1032.
Guard period elimination section 1032 removes the guard
period from the output of quadrature detector 1031 based on
the information on the guard period length from control bus
interface (I/F) section 1037 and supplies the output to an input
of Fast Fourier Transform (hereinafter referred to as “FF17’)
section 1033.

FFT section 1033 applies FFT to the signal whose guard
period has been removed based on the information on the
eifective symbol period length from control bus I/F section
1037 to separate the carriers sent after being multiplexed and
supplies the output to a first input of detection section 1034
and an mput of demodulation information decoding section
1036.

Detection section 1034 applies detection processing to
cach carrier supplied from the first mput based on the
demodulation information (each carrier modulation system)
supplied from the second input and supplies the output to a
first input of error correcting section 1035. Error correcting
section 1033 applies error correcting processing to the detec-
tion result supplied from the first input based on the demodu-
lation information (depth of time interleave and error correct-
ing coding rate, etc.) supplied from the second mnput and
supplies the output to information source decoding section
104 as the output of OFDM demodulation section 103.

Demodulation information decoding section 1036 extracts
the carrier that transmits demodulation 1n formation from the
output of FFT section 1033, applies detection/error correct-
ing processing to the carrier to decode the demodulation
information and supplies the output to detection section 1034
and a second 1nput of error correcting section 1035.

Control bus I/F section 1037 interprets control information
from CPU 107 transmitted through control bus 109 and sup-
plies transmission mode information on the guard period
length and effective symbol period length to guard period
climination section 1032 and FFT section 1033.

A block such as detection section 1034 may also actually
use transmission mode information to generate a control sig-
nal necessary for operation, but FIG. [2] 6 omits such a case
to prevent the drawing from being complicated. Furthermore,
in order for OFDM demodulation section 103 to operate, 1t 1s
necessary to carry out synchronization processing such as
carrier frequency synchronization, sampling frequency syn-
chronization, symbol synchromzation and frame synchroni-
zation, but that synchronization processing i1s omitted for the
same reason here.

Here, the digital terrestrial broadcasting system in Japan
transmits demodulation information using a signal called

“ITMCC (Transmission and Modulation Configuration Con-
trol)” and FIG. [3] 7 shows the content.

Next, an operation of the digital broadcasting reception
apparatus of this embodiment will be explained using the
attached drawings. The digital broadcasting reception appa-
ratus of this embodiment has at least preset mode and audio-
visual mode as 1ts operating modes.

FIG. [4] 8 is a flow chart showing an operation of CPU 107
and (a) shows an operation of the CPU 1n preset mode and (b)
shows an operation of the CPU 1n audio-visual mode.

In preset mode, information to identify the current location
1s acquired from input section 106 (step S1). Then, start
address A of the channel selection information corresponding
to the 1dentified <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>