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Applications Nos. 2010-267617 filed Nov. 30, 10 2010; 2011-72132 filed
March 29, 2010; and 2011-253938 filed Nov. 21, 2011, the descriptions of

whi ch are incorporated herein by reference. Background of the Present

I nvention 15(Field of the Invention) The present invention relates
to a systemfor reading an information code, an apparatus for reading an
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Variouss ki nds of information codes, such as bar codes and two-di nensi onal
codes including QR codes (regi stered trademark), are now used in various
applications. The information codes are forned 25 on (or in) various types

of mediunms (or objectRDSBHERSRPNCH 0 REEATEWAPPEI@M*I@NSN ayed screens,
and present |ece of necessar%jnl nf ornE La(; g codes IS(F
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security ©h410. 2011-72132 filed March 29, 2010; and 2011-253938 filed Nov.
21, 2011, the descriptions of which are incorporated herein by
reference.

Background of the Present Invention
15 (Field of the Invention)

The present invention relates to a system for reading an
information code, an apparatus for reading an information code, and a
medium on which an information code is formed, and in particular to
the system, apparatus and medium directed to an information code

20  with enhanced confidentiality.

(Related Art)

Various kinds of information codes, such as bar codes and
two-dimensional codes including QR codes (registered trademark), are
now used in various applications. The information codes are formed

25 on (orin) various types of mediums (or objects) such as printed paper
sheets and displayed screens, and present pieces of necessary
information by encoded codes mapped thereon.

The applications of these codes are now becoming diversified.
Among diversifications, there is a growing need for higher security of

30 the information codes. That is, it is strongly demanded that it is
possible to read out contents of an information codes only when a
specific condition is met. As one of countermeasures for this demand,
Japanese Patent Laid-open Publication No. 2010-146461 provides a
technique of providing the information code with a security function.

35 Practically, the technique provided by the foregoing publication
is that key information is overlapped and printed on main data by using
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information, failing in decoding the encoded code data. In addition,

20 the operator should read the code data and the key information
overlapped on one the other, whether the information code can finally
be read successfuily depends on experience of the operator. This
makes it difficult to read the information code in a quick and reliable
manner.

25

Summary

In consideration of the foregoing situations, it is desired to
provide an information code which cannot be read by a general reader
but can be read by a specific type of reader. It is also desired to

30 provide an information code which cannot be copied in an undesired
manner.

The present disclosure provides a system for reading an
information code, comprising: a reader; and a medium on or in which
an information code is formed, the information on code having light

35 modules and dark modules. The reader comprises illuminating means
for emitting illumination light; imaging means for imaging the medium



The present disclosure provides a systemfor reading an information code,
conprising: a reader; and a nediumon or in which an information code is
formed, the information on code having Bight 35 nodul es and dark nodul es.
The reader conprises illumnating neans for emtting illumnation |ight;

| magi ng nmeans for imaging the medium 3 - to which the illumnation |ight
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medium In a state where the light of the second wavelength band is
emitted to the medium. The decoding means is configured to detect,

256 from the image, the inversion areas and the non-inversion areas
differentiatedly so as to extract the areas of the light modules and the
dark modules and to decode the information code based on extracted
results.

It is preferred that the illuminating means includes, in addition

30 tothe second illumination light emitting means, a first illumination light
emitting means emitting the illumination light of the first wavelength
band to the medium; and the imaging means is configured to image the
medium in a state where the light of the second wavelength band and
the light of the first wavelength band are emitted to the medium.

35 The present disclosure also provides that a system for reading

an information code, comprising a reader; and a medium on or in which
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20 prevented from being decoded when the inversion areas are recognized
as dark areas. The illuminating means includes a second illumination
light emitting means emitting the illumination light of the second
wavelength band toward the medium. The imaging means is
configured to image the medium in a state where the light of the second
25 wavelength band is emitted to the medium. The decoding means is
configured to detect, from the image, the inversion areas and the
non-inversion areas differentiatedly so as to extract the areas of the
light modules and the dark modules and to decode the information code
based on extracted results.

30
Brief Description of the Drawings
In the accompanying drawings:
Fig. 1 is a block diagram conceptually explaining an information
code reading system according to a first embodiment of the present
35 invention;



Fig. 3 is a block diagramoutlining an essential part of an information
code reader used in the information code reading system 5 Fig. 4Ais an
illustration explaining an i mage of an  bnformati on-code-fornmed nmedi um shown
in Fig. 2, which is inmaged by a general - purpose reader; Fig. 4B
is an illustration explaining an image of the information-code-forned

medi um shown in KH.g. 2, .WiLCh |Scd : he, i n i 0 ader
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Fig. 6 is an illustration outlining a method of producing the
medium shown in Fig. 2;

15 Fig. 7 is an illustration, with an enlarged view of part thereof,
explaining information-code formed areas and a background of the
medium shown in Fig. 2;

Fig. 8 is an illustration outlining another method of producing
the medium shown in Fig. 2;

20 Fig. 9 is an illustration outlining stili another method of
producing the medium shown in Fig. 2;

Fig. 10 is an illustration explaining a practical example to which
the information code reading system according to the first embodiment
is applied to a parking management system;

25 Fig. 11 is a flowchart exemplifying a flow of parking fee
adjustment necessary in the parking management system;

Fig. 12A is an illustration outlining an example of an
information-code-formed medium used in an information code reading
system according to a second embodiment of the present invention;

30 Fig. 12B is an illustration explaining an image of the medium
shown in Fig. 12A, which is imaged by the reader shown in Fig. 3;

Fig. 13 is an illustration explaining a practicat example to which
the information code reading system according to the second
embodiment is applied to a parking management system;



Fig. 13 is an illustration explaining a practical exanple to which the

I nformati on code readi ng system according to the second enbodi nent is
applied to a parking managenent system6-6 - Fig. 14 is a block

di agram showi ng an el ectrical configuration of the information code reading
system according to the second enbodi nent;

Fi gs. 15Aand156ar ei; | | ugt:r aty ex Lf v B 1.QN-. -£.r
med ums used i n otfer ToRBoA Rk e oher hORida gl EleTEhEAN Ul RIS Or
Fi g. 16i santhé¢ usnfcamatiex emoidef yigagingi réyatam i agcautivgs dioretharedeadmdsed in
an inforna&hgl@o&iﬂqg %.eadi ng system according to a third enbodi ment of the
present invention; '1 Fig. 17Ais an enlarged view enlarging a portion of an
i nf or mati on code Ri@st helAdi uanghowtbBn Rrg 1Blustrations FiegempliiiRgan

i ewed ‘wheTETTEAS OB RATheA b LELAITURT, SRl MLt BPinge
t hereto; aﬁﬂei@ﬁ 'ngelﬂior;; a flowchart exenplifying a reading process .
Cyst om accordi ng 19t he Lni rd embod ment TR0 DesarTorPandor eRAre o
Enbodi nent ¥ fpomestion-cegerotmeddpesiyanyseg iaranigsmatiay spdm readingadi ng
system according to a third embodiment of the present invention;
10 Fig. 17A is an enlarged view enlarging a portion of an
information code on the medium shown in Fig. 16;
Fig. 17B is an illustration showing the portion of the information
code, which can be viewed when illumination light of a second
wavelength band is emitted thereto; and
15 Fig. 18 is a flowchart exemplifying a reading process performed
by an information code reader used in an information code reading

system according to the third embodiment.

Detailed Description of Preferred Embodiments
20 Referring to the accompanying drawings, a system for reading
an information code (hereinafter referred to as an information code
reading system) according to various embodiments of the present
invention will now be described, in which a medium on which the
information code according to the present invention is formed is used.
25 (First embodiment)

Referring to Figs. 1 to 11, an information code reader according
to a first embodiment (and maodifications) of the present invention will
now be described.

First the information code reader will now be outlined in its
30 conceptual configuration. Fig. 1 outlines the conceptual configuration
of an information code reader 1 according to the first embodiment.

As shown in Fig. 1, the information code reader 1 is directed to
a medium 10 on which information coded C having light color modules
and dark color modules (refer to Figs. 2 and 3) are formed, and includes

35 an information code reader 40 (simply, a reader) which reads the
information codes C on the medium 10. The information code reader



an information code (hereinafter referred to as an information code reading
systen) according to various enbodi nents of the present invention will now
be described, in which a nediumon whith-the information code according to
the present invention is formed is used. 25(First enbodi nent)

Referring to Figs. 1 to 11, an information code reader according to a first
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the i nfprmati on- gadehborrmed FigdimtH® information-code-formed medium 10
has code-formed areas C1 and C2 in each of which the information
code(s) C is formed (or mapped) and a background area A2 in which
characters, figures, symbols or designs are formed (or depicted). The
code areas C1 and C2 and the background area Al are overlapped on

20 onetheother. Inthe normal use state where visible light is dominant
in imaging the code C, the code-formed areas C1 and C2 are overlapped
and unified with the background area A2, making it difficult to visibly
understand the code itself. In Fig. 2, the positions of the code-formed
areas C1 and C2, which are located in the background area A2, are

25  pictorially depicted by dashed lines. Incidentally the number of
information codes may also be one, or three or more in number.

The information-code-formed medium 10 also includes areas
B1 to B7 in which characters, figures, symbols, designs and others are
drawn are divided into inversion areas and non-inversion areas. The

30 inversion areas show reflection characteristics on a dark color (called
“dark reflection characteristics”) when light having a predetermined
first wavelength band including at least a visible light wavelength band
is emitted, while the inversion areas show reflection characteristics on a
light color (called “light reflection characteristics”)when light having a

35 predetermined second wavelength band is emitted. The first
wavelength band is different from the second wavelength band.



has code-fornmed areas C and C2 in each of which the information code(s) C
is formed (or mapped) and a background area A2 in which characters,
figures, synbols or designs are forned or depicted). The code areas C and
C2 and the background area Al are overl apped on 20 one the other. In the
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i maged, resultingsgN3 outlines in block form the information reader, which can
image an information-code-formed medium shown in Fig. 2 and provide
an image shown in Fig. 4B. Fig. 4A explains, in contrast to Fig. 4B, an
image of the medium shown in Fig. 2, which image is imaged by a

30 general-purpose reader.

The reader 40, which is exemplified as an optical information
reader, is configured to image information codes such as a QR code®
and read out information contained in the codes. This reader 40 is
provided with an imaging section 42 functioning as an optical camera, a

35 first illuminating source emitting the light of the first wavelength band,
a second illuminating source emitting the light of the second
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signal from the storage device 45 is stored in an image data storage
area in the storage device 45.

25 In the present embodiment, the imaging section 42, which
functions as imaging means, can image the information-code-formed
medium 10 emitted by illumination light from the illuminating means.
Practically, the imaging section 42 is produced to image the medium 10
in the state where the two types of illuming light of the first and second

30 wavelength bands are emitted to the medium 10.

As shown in Fig. 3, the first and second illuminating sources 43
and 44 are composed of two sources 43a, 43b and 44a and 44b
respectively and compose the illumination light source (i.e,,
ilumination light system). Each of the first illuminating sources 43a

35 and 43b and each of the second illuminating sources 44a and 44b are
located at both end sides of the imaging section 42 (i.e., light receiving



30 wavel ength bands are emitted to the nedium 10. As shown in Fig. 3, the
first and second illum nating sources 43 and 44 are conposed of two sources
43a, 43b and 44a and 44b respectively -afd conpose the illunmi nation |ight
source (i.e., illumnation |ight systen). Each of the first illum nating
sources 43a 35 and 43b and each of the second illum nating sources 44a and
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The storage device 45 is provided as a semiconductor memaory

device, which has for example RAMs (such as DRAMs, SRAMs, and

20 others) and ROMs (such as EPRPMs, EEOROMs, and/or others). Inthe
RAMs of this storage device 45, there are formed memory areas with
which the controlier 41 uses for various types of calculation including
arithmetic operations and logical operations, in which a reading
condition table is implemented, and into which the foregoing image

256 data are stored. In the ROMs, there are previously stored
predetermined programs for various processes and system programs
for controlling hardware devices including the illumination light sources
and light sensor 42a.

The controller 41 is composed of a microcomputer or an

30 operation device which can control the overall reader 40, and includes a
CPU, a system, and an input/output interface to have an information
processing function. In the present embodiment, the controller 41
functionally provides interpreting means, which extracts and interprets
contents of data contained in the information code C, from an image of

35 the medium 10. Concretely, this functional interpreting means detects
distinguishably data of the inversion and non-inversion areas in an



25 data are stored. In the ROVs, there are previously stored predeterm ned
prograns for various processes and system prograns for controlling hardware
devices including the illum nation |ightl sources and |ight sensor 42a. The
controller 41 is conposed of a mcroconputer or an 30 operation device

which can control the overall reader 40, and includes a CPU, a system and
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lower part of Fi %’n t7hesr&%\gseragalgtnéfa{:pg?%,vlcﬁéva%apgrﬁ \Agl'?ich is conceptually
drawn by a chain line, shows an information code and others mapped in
this area. The lower part of Fig. 7 shows an enlarged view of part (a

15 code portion on the right side) of the upper part of Fig. 7. In Fig. 7, the
areas showing the dark modules are colored in black, while the areas
showing the light modules and background is colored in a light color {in
their inversely reflected states). In the example shown in the fower
part, the characters, figures, symbols and designs on the medium 10

20 are made of a first type of ink D1 and a second type of ink D2, for
example. The inversion areas are made of the first type of ink D1. By
contrast, the non-inversion areas are made of the second type of ink D2
or produced by overlapping areas made of the first type of ink D1 and
areas made of the second type of ink D2 on one the other.

25 The first type of ink D1, which exemplifies a first coloring
medium, shows the dark reflection characteristics when being emitted
by the light of the first wavelength band and shows the light reflection
characteristics when bending emitted by the light of the second
wavelength band. That is, the areas made of the first type of ink D1

30 are turned from the dark color into a light color (or a highly optically
clear state ). Practically, the first type of ink D1 is composed of ink
visible under infrared light, and practically, substantially turned into an
invisible state or a light color state when infrared light of a wavelength
of 750 nm or higher is emitted to the areas made of the first type of ink.

35 In the present embodiment, the characters, figures, symbols, designs
or others are made of the first and second type of inks on a light-color



15 code portion on the right side) of the upper part of Fig. 7. In Fig. 7,
the areas showi ng the dark nodul es are colored in black, while the areas
showi ng the |ight nodul es and backgroundis colored in a light color (in
their inversely reflected states). In the exanple shown in the | ower part,
the characters, figures, synbols and designs on the medium 10 20 are nade
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In this production, the dark module areas A3 (i.e., the areas of
the dark cells) are made of overlapped layers of the first and second
types of ink D1 and D2, while the light module areas A4 (i.e., the areas
of the light cells) are made of only the first type of ink D1. In addition,

35 the background area Al surrounding the information code C is also
made of only the first type of ink D1. In this case, the pieces of



30 observed. In this production, the dark nodul e areas A3 (i.e., the areas
of the dark cells) are nade of overl apped |ayers of the first and second
types of ink D1 and D2, while the |ightl3nodul e areas A4 (i.e., the areas of
the light cells) are nade of only the first type of ink DI. In addition, 35
t he background area Al surrounding the information code Cis also nmade of
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using the second type of ink D2, before printing the first inked region.

16  After printing the dark module areas, the first type of ink D1 is used to
form the first inked region such that the first inked region covers the
entire dark module areas made of the second type of ink D2. In this
way, the first inked region is overlapped on the dark module areas, thus
providing the medium structure shown in the lower part of Fig. 8 where

20 the dark module areas are visually hidden in the first inked region.

The above printing process may be performed as illustrated in
Fig. 9, which exemplifies a partially non-disclosed code which also
functions as an information code C. This partially non-disclosed code
has a non-disciosed region in which data encrypted based on a

25 predetermined encryption key and a disclosed region in which disclosed
data which are not encrypted. Hence, this partially non-disclosed code
can be decrypted by only a reader 40 which has a decryption key
corresponding to the encryption key. By contrast data mapped in the
disclosed region of this partially non-disclosed code can be read by a

30 reader with no decryption key. Various data which has no problem if
being disclosed to third parties can thus be contained in the disclosed
region.

How to produce the partially non-disclosed code and its
practical configuration are already provided by for example Japanese

35 Patent Laid-open Publication Nos. 2009-9547 and 2008-299422. As
shown in these publications, “disclosed codes” recorded in the disclosed



The above printing process may be perforned as illustrated in Fig. 9, which
exenplifies a partially non-di scl osed code which al so functions as an
information code C. This partially non-ldi scl osed code has a non-di scl osed
region in which data encrypted based on a 25 predeternined encryption key
and a disclosed region in which disclosed data which are not encrypted.
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di fferent 15regiagns,in an information ex own in
Fig. 9, additi ong[l N 406 EXERP IO R N IE'gcggd ij'(ti?ml‘yaFclg §ﬁﬁdH%§Y §5
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even when itferseation cm:ler EatlSoﬁrﬁtbc@mEed&ct cdpigl al cegditign prevents
unauthorized use reliably, because the medium 10 cannot be utilized as
long as the information code is not encoded even when the second
information code Ca is copied illegally.
25 A practical example of how the information code reading system
1 is used will now be described.
Fig. 10 exemplifies a parking management system 100 to which
the information code reading system 1 is applied. As shown in Fig. 10,
a parking facility includes an entrance gate 103, a ticketing device 101,
30 parking spaces, a passage, fences, an exit gate 104, and a fee
adjustment device.
The ticketing device has a medium producing device 30
producing an information-code-formed medium 10 configured as
shown in Fig. 5 using any one of the forming methods shown in Figs. 6
35 to 9. The fee adjustment device 102 includes a reader 40 configured
as shown in Figs. 1 and 3. When a user requests the ticketing device



25A practical exanple of how the information code reading system1l is used
wi Il now be descri bed. Fig. 10 exenplifies a parking nanagenent
system 100 to which the information codeé readi ng system 1l is applied. As
shown in Fig. 10, a parking facility includes an entrance gate 103, a
ticketing device 101, 30 parking spaces, a passage, fences, an exit gate
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step S6, tbacceeding in the decoding, the determination at step S4 is NO.
20 When NO at step S4, i.e., fail in the decoding, the parking ticket
(i.e., the medium 10) is imaged again (step S5), and encoding the
information code C is tried to be decoded again (step $6). When
succeeding in decoding the code C at step S6, the determination at step
S7 is YES, while not succeeding in the decoding at step S$6, the
25 determination at step S7 is NO. The steps S5 to S7 are repeated a
preset number of times. When the number of repeated times finally
reaches the preset number of times, the determination at step S8 is
YES, ending the process.
Meanwhile it is determined that the encoding process at step $S4
30 or S7 has succeeded, inputted data (that is, data read out from the
information code C) are written (step S10) to adjust or calculate a
parking fee. The information code C memorizes the loading time etc.,
so that a fee is calculated based on the loading time (at step S11). The
calculated fee is then displayed on the fee adjustment device 102 (step
35 S12). Itisthen determined whether or not the fee, which is displayed,



25 determnation at step Si is NO The steps S5 to 57 are repeated a preset
nunber of tines. Wien the nunber of repeated tines finally reaches the
preset nunber of tines, the determinatildh- at step 58 is YES, ending the
process. Meanwhile it is determ ned that the encodi ng process at step S4 30
or S7 has succeeded, inputted data (that is, data read out fromthe
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great |y enfWhicimgasscthatt, yinroinose aasds, Ghe user cannot read visually the
information code C. Alternatively, if a normally used optical reader
which is now commercially available, which is different from the reader
20 provided in the present embodiment, is used to try to read the
information code C, the code C cannot be read, thereby greatly
enhancing security of the code C.
By contrast, the information code reader 40 according to the
present embodiment can image the information-code-formed medium
25 10 with the illumination light of the second wavelength band emitted to
the medium 10. Hence, in a resultant imaged view, the inversion
areas are inverted and the non-inversion areas are not inverted in their
reflection characteristics. In other words, in the imaged code view, of
the two types of the light and dark modules, one type of modules is
30 inversed and the other type of modules is not inverted. Thus it is
possible that the reader 40 can clearly distinguish one type of modules
from the other type of modules. Furthermore, the illumination light of
the first wavelength band as well as that of the second wavelength band
are emitted for the imaging, whereby an inverted image of the
35 inversion areas and a non-inverted image of the non-inversion areas
can be obtained more clearly.



By contrast, the information code reader 40 according to the present

enbodi nent can i nage the information-code-fornmed nedium?25 10 wth the
illumination light of the second wavelehigth band enitted to the nedi um 10.
Hence, in a resultant imged view, the inversion areas are inverted and the
non-inversion areas are not inverted in their reflection characteristics.
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medi um 10 a§eRbHAWatiRHN®IBF S8R the dark modules show no inversion in heir
25 reflection characteristics, providing a dark color. The dark modules
can be visually distinguished from the light ones in the sense of imaging
using the light of the second wavelength band. This allows the
information code to be read clear and reliably.
In addition, in the medium 10 according to the present
30 embodiment, the background area A2 is formed around the code-
formed areas C1 and C2 in which the information code C is formed.
The background area A2 consisting of the inversion and non-inversion
areas is formed to be continuous from the code- formed areas C1 and
C2. Hence, in a case where there is no emission of the illumination
35 light of the second wavelength band, the code-formed areas C1 and C2
and the background area A2 show the same reflection characteristics,



30 enbodi nent, the background area A2 is fornmed around the code- forned
areas C and C2 in which the information code Cis fornmed. The background
area A2 consisting of the inversion arid&on-inversion areas is fornmed to be
continuous fromthe code- forned areas C and C2. Hence, in a case where
there is no em' ssion of the illumnation 35 |ight of the second wavel ength
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C, enhancing Security for the code C. 5I'n the present enbodi ment, the
nmedi um 10 £s produced using the thermal paper and the i nfor mation code Cis

formed mon the thenne ?@@éntbénitk@dménﬂortw@ mddierpaake gw@u@é@eusﬁag
formed using |nk€nrraﬁiier|als after fornin el%?e |nfor
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characteristics for the two types of light of the first and second

wavel engt h€ ‘respectively. 20In this case, the code-forned areas C and
C2 of the Furthermore, the dark modules of the information code C are

made of the second coloring medium showing the dark reflection

15 characteristics for the light of the first and second wavelength bands.
All the areas of the dark modules are located within and overlapped on
the area made of the first coloring medium showing the dark and light
reflection characteristics for the two types of light of the first and
second wavelength bands respectively.

20 In this case, the code-formed areas Cl and C2 of the
information code C are entirely immersed in the area made of the first
coloring medium, making it difficult to users to visually find out the
positions of the information code.

In one modification of the present embodiment, the information

25 code C is exemplified as a partially non-disclosed code. Hence, the
information code can be made difficult to find out the position thereof in
the daily-use normal state, giving an enhanced security to the code and
raising secrecy to the data itself of the information code. This surely
prevents data from leaking from the information code unwillingly.

30

(Second embodiment)

Referring to Figs. 12A and 12B to 15 as well as Figs. 1 - 9
described already, the information code reading system according to a
second embodiment (and modifications) of the present invention will

35 now be described.



I nformati on code C are entirely inmmersed in the area nade of the first
coloring nmedium nmaking it difficult to users to visually find out the
positions of the information code. I n"d"e nodification of the pr esent
enbodi nent, the information 25 code Cis exenplified as a partially
non-di scl osed code. Hence, the information code can be made difficult to
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second information code Ca also cons;sts of ight modules A and dark
modules A6 which are arrayed two-dimensionally in a combined
manner according to encoding. The light modules A5 are formed to
20 show light reflection characteristics when receiving the light having the
first wavelength band including visible-light wavelengths. 1In contrast,
the dark modules A6 are formed to show the dark reflection
characteristics when receiving the light having the first wavelength
band including visible-light wavelengths.
25 A background area A7 is formed around the second information
code Ca as shown in Fig. 1B. This background area A7 is formed to
show the dark reflection characteristics when receiving the light having
the first wavelength band including visible-light wavelengths.
Hence, in the normally used environment in which the visible
30 light is dominant as light, users can view the medium 10 and can
visually notice the presence of the second information code Ca.
Moreover, the information code reader 40 can image both the light and
dark modules A5 and A6 in a mutually differentiated mode when the
illumination light of the first wavelength range including visible light
35 wavelengths is emitted to the medium 10 from the first illuminating
source 43. Then the imaged view can be decoded.



20 show light reflection characteristics when receiving the |ight having
the first wavel ength band incl udi ng visible-light wavel engths. In contrast,
the dark nodules A6 are formed to showdthe dark reflection characteristics
when receiving the light having the first wavel ength band incl uding
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'n Fgs. 1?éd?3gtménlt process carried out by the fee adjustment device 102 at the
exit gate 104 is similar to that shown in Fig. 11.

25 The information code reader 40 shown in Figs. 13 and 14 is
modified from that described in the first embodiment. Practically, in
order to detect the presence of the parking ticket (i.e., the
information-code-formed medium 10), the detector 201 is arranged.
The detector 201 is provided as a sensor that detects, for example, a

30 state where a user tries to make the reader 40 read the medium 10
inserted by the user, or a state where a user accesses the reader 40.
That is, the detector 201 is for example a nearby sensor sensing such
states. In response to sensing the presence of the medium 10, the
detector 201 provides the controlier 41 with a corresponding detection

35 signal, whereby the controller 41 is able to recognize a fact that the



nodi fied fromthat described in the first enbodi rrent. Practically, in order
to detect the presence of the parking ticket (i.e., the

i nformati on-code-forned nedi um 10), t Hetldet ector 201 is arranged. The
detector 201 is provided as a sensor that detects, for exanple, a 30 state
where a user tries to nmake the reader 40 read the nedium 10 inserted by the
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which is | geakednedaifyiohe reader 40. In the present enbodi nent,
t he detector 201 ang controller cgunct i opal I con ut e reco nition
means for recognildi Betﬁ%c%?%s@ﬂgp MENh h‘Fre stmen pr(pﬁ $hdSsecond

enbodi nent pet‘ﬁ@ﬁn’ﬁ@@ tﬁydm@tf@enadﬂrsmm devihes fl@msblotam trhd,‘-'@ e@ 1adJI\:hSa ment
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illumination light) and the infrared light (which is at least part of the
second illumination light) are emitted in parallel for a certain period of
15 time. During such a parallel light-illuminated state to the medium 10,
the imaging section 42 images the medium 10.

Then the process is shifted to step S3, where the information
code C and the second information code Ca both are extracted from the
imaged view of the medium 10, and the extracted data of both types of

20 codes are subjected to decoding. In the present embodiment, both
dark modules A3 of the information code C and the dark modules A6 of
the second information code Ca are produced to be dark (black), which
absorbs the infrared light for instance. Hence, even when the infrared
light is emitted or the visible light is emitted, the imaging of the codes

25 C and Ca cannot be transparent, so that both codes are imaged in a
dark color (e.g. black) which is distinguishable in the sense of colors.

The light modules A4 of the information codes C and the
background area A2 the surrounding the information codes C are
produced to be dark (black) but do not to absorb the infrared light. As

30 aresult, as shown in Fig. 12B, the imaging of those areas is made to be
transparent so that both areas are inverted to a light color in the
imaging. Practically, only the areas of the dark modules A3 of the
information codes absorb the infrared light to be dark (black). And the
dark {black) layers which do not absorb the infrared light is overlapped

35 on such areas absorbing the infrared light, with such areas shielded.
Accordingly, when performing imaging under the infrared light, the



15 tinme. During such a parallel light-illumnated state to the medi um 10,
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extracted data of both types of 20 codes are subjected to decoding. In the
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This provides the medium 10 with a high convenience. For instance,

the information code C can be used to record therein information having

higher levels of importance or secrecy, while the second information

30 code Ca can be used to record therein information having lower levels of

importance. Regarding the reading process, the information code Cis

allowed to be read only by an authorized system (that is, a system

equipped with the information code reader 1 shown in Fig. 1), and the

second information code Ca is allowed to be read by general-purpose

35 known systems other than such an authorized system.



25 can be produced on the sanme nedium 10. That is, the sanme nedium 10 can
be used in common for the different two types of codes C and Ca. This
provi des the medium 10 with a high corivehi ence. For instance, the
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(hidden) in this background area, the v;5|ble light is unavailable for
reading the code. It is required to emit the infrared light (the
illumination light of the second wavelength band). In this case, before
emitting the infrared light, a specific pattern for recognizing the

30 presence of the information code C cannot be found out, because the
information codes C are immersed in the background. For example,
the codes C are QR codes® as shown in Fig. 12B, the specific pattern is
known as a finder pattern. If the position of such a specific pattern
cannot be found out, it cannot be checked if the information code C is

35 located within an imaging range fixed in the reader.



- 24 - However, the present enbodi nent can overcone such a drawback
as well. Specifically, the infrared light is emtted when the presence of
the medium 10 is recogni zed. This nmeang4hat the infrared |ight can be
emtted at timng when a possibility that the 5 informati on code C cones in
t he i magi ng range is consi derably high. Hence, with the power consunption
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such peper andesist, forrtheepeddudtionnf ormati on code Cis fornmed on the nedi um
10. This nedium 10 can be used as adm ssion tickets, railway tickets or

others which require sone security, and of course can be used as parking
ti ckets exenplifi@tirchennzodionendl ng enbodi nents. 351 n each of the exanples

shown in Figs. 1G4Q Lif6toldil. 16"%s well as Figs. 1 - 15 described already, the
information code reading system according to a third embodiment and
20 some modifications of the present invention will now be described.

In the third embodiment, the components identical or similar to
those described in the first embodiment will be given the same
reference numerals for the sake of simplifying descriptions thereof,

The third embodiment provides an information-code-formed

25 medium which is unigue to this embodiment, and besides the format of
this medium, the third embodiment is identical or similar in its
configuration to those described in the first and second embodiments.

The information-code-formed medium according to the third
embodiment is shown by a reference numeral 10 in Fig. 16. This

30 medium itself is an object, which is for example flat and made of
materials such paper, resin, or metal. An information code Cis formed
on the medium 10. This medium 10 can be used as admission tickets,
railway tickets or others which require some security, and of course can
be used as parking tickets exemplified in the foregoing embodiments.

35 In each of the examples shown in Figs. 16 to 17A, 17B, the
medium 10 has one information code C and cone filled area F1 both



medi um 10 has one information code C and one filled area FI both - 25 -
formed thereon, wth other elenents such as characters, figures, synbols,
desi gns and/or col ored sections omtté@&5Tromdrawn. Of course, in addition
to the code C and the filled area FI, such other el enents can be added
freely to the nmedium 10. 5As shown in Fi gs. 16 and 17A, the nedium 10 is

produced siffhedalndRioh aifas &hérh%ué&fe?ftgfﬂ§uew 8§d§hﬁ'aﬂﬁ€r§ hei edurblsed ar ea
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contrast, when t he second el en Iud i nfrared
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i nformat i Odf!e@@(ﬂ\% @ret %ﬂ’éndj@d‘ beIna tp1ee-stheengiheral thedight af the first

code. Mhesuaysienad papadnst foadosatis abe o eRrifaciiobed iRRRRIE " The
present engedénEnis exenpli Ahasrédwgnintdr sathothatodiee Geodie 0B iss partily
codel1)  nvevergRPRiEdit, [y FRE oy e ok A, FY! BT bR B,
shows the Bgréomtebbgcwhen tharlagiteof shecseagrah waneellenghrn tegfnd hechlchlsg
el ength GengL kool G SUou e ALt Rl okt ot
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ot e BbiR P S REFrRERAICR e SR S Tely Y 10
char act eri snidd® haoretcngniza;j:ne wavel engt h bands are the sane as descri bed.
over amped oy 1§ (HEEPALEe A g8ers g Shkhpmenie 5 o s Gealen, o
modul e ar edseliacan bem gneddip)ensipnel 6aderoe twverdinmgasioniede such as
20 a QR code® or a partially non-disclosed code. These various types of
codes can be decoded by known techniques. The present embodiment
exemplifies the information code C which is a QR code®.
The filled area F1 is divided into an inversion area and an
non-inversion area. Like the first embodiment, the inversion area
95 shows the dark reflection characteristics when the light of the first
wavelength band is radiated, and shows the light reflection
characteristics when the light of the second wavelength band is
radiated. In contrast, the non-inversion area shows the dark reflection
characteristics when both types of light of the first and second
30 wavelength bands are emitted to the medium 10. These relationships
between the light reflection characteristics and the light wavelength
bands are the same as described.
As shown in Fig. 17B, part of an area of the information code C,
which is overlapped with the filled area F1, has dark modules areas A3
35 and light module areas A4 (in Fig. 17B, depicted as cells). These dark



- 26 - nodul e areas A3 are produced as non-inversion areas, while the |ight

nodul e areas A4 is produced as inversion areas. Hence, as shown in
Fig. 17A, when a known optical reader "t4at enits only the visible light as
the illumnation light is used, the part of 5 the information code C that

IS overlapped with the filled area FI is imged such that all of the Iight
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reflection for thGcordingly, the general optical reader that does not emit the
light of the second wavelength band (mainly the infrared light) cannot

20 correct an error in the black area, that is, the overlapped partial area.
It is thus difficult decode the contents of the code.

In contrast, when employing the reader 40 detailed in the first
embodiment, the infrared light can be emitted to the information code
C. Inresponse to this emission, as shown in Fig. 17B, the light module

25 areas A4 and an L-shaped region outside the code within the filled area
F1 are turned to a light color, with the dark module areas A3 remaining
in dark. Due to this light reflected state, the entire information code C
can be imaged, whereby the information code C can be decoded
reliably.

30 In the remaining area other than the filled area F1 in the
information code C is formed by a known method and has dark and light
modules whose areas are produced as the non-inversion areas. That
is, the dark module areas show the dark color reflection for the
emission of the light of the first and second wavelenngth bands (i.e., for

35 the visible and infrared light). The light module areas show the light
color reflection for the emission of the light of the first and second



em ssion of the light of the first and second wavel enngth bands (i.e., for
35 the visible and infrared light). The |ight nodul e areas show the |ight
color reflection for the enission of thHe 1ight of the first and second -
27 - wavel ength bands. That is, only the light nodule areas A4 in the

over|l apped area of the filled area FI are produces as the inversion areas,

while, thougllediafgth Bind@duaarigasrh 4%“?1'%41? hRg3NR BBebs SAaPed theoi on

are not pro S i nversion_areas, suc areas 5 Al4 are
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the light aihildheHdudd tHevegenghbdirRN@reas A14 iNdHE reRihihg eshaped

configurations showi in and 17B incl udes feﬁtgglrcgpg 'Itu ern areas

Figs. 17A ¢
FP1 to FP3region Ase mef paoaa%d % SEYEISHRIp & €A%d W &'EARI ned

posi tions af 4 Hee bpbauraditenskelenhtlight frseidaicher-icaireascanfdehaped into
a predetermned formre ardlq?rsgsné)f_ bei n%eiontgg S of the data contained in
t he code C?Wﬁé'odj?oﬁ@ﬁ%?‘&bhts ot MRStFNEVEleng corners, and at three
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extends to cover both one edge G2 of the code C and another edge G3

20 adjacent to the edge G2.

In the medium 10 according to the third embodiment, the
information code C and the filled area F1 or designed portions by
characters, figures, symbols, and/or patterns (not shown in Fig. 16) are
formed using the first and/or second types of ink, like the first

25 embodiment. The first type of ink is made of ink material visible under
the infrared light and the second type of ink is made of normally used
ink material which do not show the inversion of the reflection
characteristics to the infrared light.

Practically, for example, the inversion areas can be formed

30 using the first type of ink only. The non-inversion areas can be formed
using the second type of ink only or can be formed by mutually
overlapping areas made of the first and second types of ink. More
practically, the dark module areas of the information code C can be
made of the second type of ink, while the light module areas A4 in the

35 overlapped partial area between the code C and the filled area F1 and



over | appi ng areas nmade of the first and second types of ink. Mre
practically, the dark nodul e areas of the information code C can be made of
the second type of ink, while the Iigﬁ@SNDdule areas A4 in the 35
over | apped partial area between the code C and the filled area FI and - 28
- the remaining L-shaped area outside the code in the filled area FI can be

made of t hﬁw@rémézﬁmd L@’iaﬁé’cﬂ’%r@é duﬁ'ﬂ@de the cod‘t\,‘ freematiinvel ¥red Fa @aeas of
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mg lsggao?g%ﬁe'alpﬂ rwefcgﬂpeawm@tua[ry g;gﬂaptgtn dtahfa@m@@e@ffthbmrlstF?ht
u e rmuereas a oytsi de the are
formed as %'F"éa%e%ﬂ YR)eS? o3 'E’ ay?g,e Hé‘;}s areas m?ﬂ@ CPOP@B’ ﬁ?m
i nf or mat i oecmtety érmrdmkedlm h@easmf’oﬁtwmdadlucraddaﬁes‘ WHIOM/SareFl@ICaEa@an e,
o epar ed_ 2806 ﬁé‘%ﬁsﬂ‘ astad otk rermerbu e Sl wesrread WRE B, ' ©
| Ihghlt col OforpamalgwpslheeLIhycmﬁrast Nthe i&reaeco?ﬂhew@jmmdmmklesn(meaﬁghs whi ch
shou resen I e of.
i1 ed Br e uib s Bl sl Tharfnel 68 L aALRinhk] #hetedtond
type o:‘l [ nWJtl"Blnotlhkzccpreralt,lfog extdmptar k nodul e (cel 1) ar easé A3d| n the e
artia overla
gr ea FI zlre fornﬁ‘g]% Jg?%gémqﬁ{:%%ﬁgug a(é@écfé %%ﬁi?mstf@noéﬁgggélnd ©
types of ipkoduded eas Helloveght MUEEaU’quL)aaln@Ia‘%camrarp@ﬁ&fr sbeehs(fone
areas mdeegbuflle) p e oSelFogbel Sheof 4 Bitpatdibal ohaRRHNA 6%, |
over | afpedcadeal. | sThedeodsdE isnpyinted pnr Shist jigbtuiolonkpaper SheetH@w to
read the cpfificiiy the SQUMATRYbE O Al 6r%d?P@ain§ﬁl%ﬁ‘ %seroggmaséﬁt the third

enbodi ment resent odi nent, |ike
t he foregoflatk énddtlarentAflter iy pafyenprinbRacER CPé'@d@r aflied argsdFidsr ead

the medi unfd@ned printing part of the code C using the second type of ink. By
this printing, the dark module (cell) areas A3 in the partially overlapped
20  area between the information code C and the filled area F1 are formed
as the overlapped areas made of the first and second types of ink, while
the light module (cell) areas A4 are formed as the areas made of only
the first type of ink. Further, the L-shaped area remaining in the filled
area F1, which is located outside the partially overiapped area, is made
25  of only the first type of ink.
How to read the code in the information code reading system
according to the third embodiment will now be described.
In the present embodiment, like the foregoing embodiments,
the information code reader 40 is used to read the medium 10. The
30 illuminating means, imaging means, and decoding means are also
provided similarly to the foregoing embodiments. When the medium
10 according to the present embodiment and modifications is employed
by a parking management system, the reading process can be
implemented as explained in the first or second embodiment, or can be
35 implemented as will be explained using Fig. 18.



30 illum nating nmeans, inmaging nmeans, and decodi ng nmeans are al so provided
simlarly to the foregm ng enbodi nents. Wen the nmedium 10 according to the
present enbodi nent and nodifications i's %npl oyed by a parking management
system the reading process can be inplenented as explained in the first or
second enbodi nent, or can be 35inplenented as will be explained using Fig.
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sty 1 trs"(:,':sp dgi(flsn rfﬁe determlnatlon becomes YES thereat. Hence the
decoded data is transmitted outside the reader and other necessary

25 processes are performed (step S125), before completing the present
reading process.

On the other hand, when it is determined NO at step S107 (that
is, the extraction has been unsuccessful), or, when it is determined NO
at step S111 (that is, the decoding has been unsuccessful), the

30 processing proceeds to step S113, where the second illumination light
is emitted by the second illuminating source 44. Under this emission
of the second illumination light, but with the first illumination light
stopped from being emitted from the emitted the source 43, the
medium 10 is imaged by the imaging section 42 (step S115).

35 Then it is determined if or not the feature patterns had been
extracted successfully at step S105 (step $117). If this determination



- 30 - is YES, i.e., successful, at step 5117, the decoding is perforned
with the use of the exacted results of the features patterns obtained at
step 5105 (step 5119). In this case, it303s not needed to detect the
positions of the feature pattern areas FP1 - FP3 (in this case, the
position 5 detecting patterns), because such feature areas have already
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In contrast, in the i on code reader acco resent
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only the visible light to the code C makes it impossible to invert the light
25 module areas to being a light color (a bright color) (refer to Fig. 17A).
At least, the light modules cannot be extracted even at the lowest
luminance level which allows the decoding process. As a result, even
when an operator tries to read the code C by the general reader which
uses the visible light, the code C can be prevented from being decoded,

30 thereby raising security of the code C.
In contrast, in the information code reader 40 according to the
present invention, the illumination light of the second wavelength band
(i.e., the infrared light) is emitted to the medium 10 for imaging. Thus,
as shown in Fig. 17B and other figures, the inversion areas which are
35 the light module areas can be inverted to a light color state, and in this
lit state, the code C can be imaged. Accordingly, in the inversion areas



Furthernore, for exanple, as shown in Fig. 17A, in the nornmal state where
the visible light is dom nant, both of the Iight and dark nodul es which are
present in, at |least, part of the mediwrh 10, i.e., the code C, is viewed as
being dark. Such a partial region is set to be 10 sufficiently w der so as
to di senable the decoding using error correction patterns. Hence, if the
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code medi uns, ‘ibdddtﬂttbm‘t'ﬁ'tﬁé dd?jééggls'rf‘o%gfﬁgﬁ FESCEIA. 178 %wart of !N
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n readi
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25 user can view visually the other part and correctly understand the
position of the code C on the medium 10. This fact is also helpful for
the user in using the reader 40 according to the present embodiment.
That is, it becomes easier for the user to pay attention to the position of
the code C on the medium 10, so that the user can easily maintain a

30 proper relationship between the medium 10 and the information code
reader 40, leading to user’s reliable and smooth reading actions.
Furthermore, the forgoing cther part can be visually observed. Hence,
users can easily check blurs which might be caused in the dark modules
in the other part of the code C, and fatted and/or unclean dark modules,

35 disposing of unusable code mediums, avoiding troubles in the reading
process.



15 decoding the data acquired under the |light of the second wavel ength
band, information indicative of the feature pattern areas FP1 - FP3, which
has al ready been detected, can be utili3Zed in a conbined nmanner. In this
case, the decoding process can be shortened, speeding up the entire reading
process and reduci ng cal cul ation Ioads in the decodi ng 20 process.
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securely a r@ *situation where the foregoi ng general reader can decode
the code. 35In tfmrﬂﬁ@sentreaﬁm@@ltm@r@bd@r@u@mg the atflornsatidheodedesdérshown
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15the i 11 ughnaid RYSHERNE detdtfhg pro@Bsicartbe §RSHtendle dpdddihgdupitaBt in
entire reading process and reducing calculation loads in the decoding

20  process.

In the codes C shown in Figs. 17A, 17B, the filled area F1 is
overlapped with the square code C and extends slightly beyond
mutually opposed two edges of the code.  The filled area F1 consist of
the invention areas and the dark modules.

25 In the normal environment where the visible light is dominant,
the dark filled area can thus be viewed to continuously cover the code C
between both mutually opposed edges. In consequence, the general
reader acting on the visible light images the code as two portions
divided by the dark filled area, making it difficult to decode the code.

30 In particular, the filled areas passes through at least mutuaily opposed
two edges, whereby the filled area can be mapped easily to be larger in
size a minimum area that makes error correction effective. 1t is
possible to securely avoid a situation where the foregoing general
reader can decode the code.

35 In the present embodiment and modifications, the codes C
shown in Figs. 17A, 17B may also be a partially non-disciosed code.



response to recogni zing the medi um 10. Hence, the infrared |ight
can be emtted using, as a trigger, the recognition of the nedium 10,
avoiding the infrared light, i.e. the 'I?r%ht of the second wavel ength band,
frombeing emtted usel essly, saving 20 power. The infrared light is not
emtted until the presence of the nedium 10 on which the code Cis forned
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C is |ocal Bgnﬂeppdd<$ma$econkﬂeemhﬂmnmemted The detactarhissused dondedide code
C S o Or Mgl ki S8 JaARSh AP3GK HEd Ladthe ofAdstingfe, S9ho8dtion,

enbodi nent s e regron occupi ed I'ncC es'a
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The remai ni A2 which has the sanme |ight
reflecti on@%&?ﬁ?éegga{?%? ggzgﬁ roung% I'n the first and second
embodi nent s. Hengey the mfc@rs&d @héﬁanr&@e wnitkgc usingh as & eiggeredhet he

medium | S LEBGSARILRS themEBR.nN OF BRbl@RgMeIrfra e RGhER] by tﬁgg@q'ﬁed in

t he 15 bac (i trast; uhd I nfrared
li ght, theOfithBtserand vevyeiepgthan fﬁmtb%ﬁgc@mtt@daﬁaekasélw nY@®f88on

area Agyar oﬁ?\ﬂﬂﬁrI cathy I'n'?l*'%ﬁ*retde‘ﬁ gh® &S nlo® @mlét'e@ahntﬁ‘sthé |}#%Tséﬂ¥:édof el g
156. This mak5|t ossi b etothe darkfm) qﬁes A3 of the code C can be
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di stinguis RE whirdh the &ade Grig ® T@‘Eﬂﬂmzﬁfj} e¥BENAGING, the
20 code C irgchgmiged, the reading process can be prepared before emitting the

infrared light, making acquisition of an image of the code quicker,
resulting in an quick and reliable reading process as a whole.
25 (Other modifications)

The foregoing embodiments and modifications can be
developed or modified into a variety of other modes, which are still
within the scope of the present invention.

Regarding to a practical application, the foregoing

30 embodiments and modifications are exempilified about the parking
ticket. However, the example will now be limited to such a parking
ticket. Other applications include mounting boards of various written
certificates such as certificates of residence and certificates of a seal
impression, coupon for goods, regional development tickets, admission

35 tickets, railway tickets, and other various tickets, which require a high
security capability.



In this way, the background area can be designed into various nodes, SO
that in the normal environnent with no infrared light, the area in which
the information code Cis formed shows e sane type of light refection
characteristics as that of the designed area. As a result, 25 the

i nformati on code area can be visualized as part of the de5|gned area
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non-i nversi on areas e the areas which should be forned as dark nodul es
are produced as tIRethifvea¥i Hie Haskgrounde?ramean ke AESiaNemimE VarRousght |

the areas assddgedotPatha € horasdl entiroBment@ith no infrared light, the
area in which the information code C is formed shows the same type of
light refection characteristics as that of the designed area. As a result,
25 theinformation code area can be visualized as part of the designed area
without any distinction therebetween. Thus, in the normal use
environment, it becomes difficult to find the position of an information
code on the medium, enhancing security of the code. It is also not
required to secure an area for an information code C differently from
30 thedesigned area. Itiseasier o obtain a larger space for the designed
area, so that the information code C hardly spoils the degree of freedom

for designing the designed area.
In the foregoing embodiments and modifications, the light of
the second wavelength band is light of wavelengths of 750 nm or more,
35 which belong to the infrared light. Instead, such light may be
ultraviolet light of wavelets of 380 nm or more. 1In such a modification,



25 inversion areas) appear as light-color areas in the light/dark inversion
in the dark background fully extending on the one side of the nmedium The
areas assigned to the |ight nodul es aﬁﬁghT as dark areas in the |ight/dark
inversion, providing a reliable reading capability. In the foregoing

enbodi nents and nodi fications, instead of the 30 partially non-discl osed
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ilumination light, the areas assigned to the dark models (i.e., the
25 inversion areas) appear as light-color areas in the light/dark inversion
in the dark background fully extending on the one side of the medium.
The areas assigned to the light modules appear as dark areas in the
light/dark inversion, providing a reliable reading capability.
In the foregoing embodiments and modifications, instead of the
30 partially non-disclosed code, the information code C may be other types
of information codes, such as one-dimensional codes including bar
codes, or two-dimensional codes including QR codes, data matrix codes
and maxima codes.
The second information code Ca used in the first and second
35 embodiments can be produced other types of codes, not limited to that

shown in Fig. 9. For example, the second information code can be a



30 drive process for other nenbers in the fee adjustnent device, such as
drive of rollers to pull in the ticket fromthe insertion opening.

In addition, the detector 201 can be aﬁ#ﬁnged as a human sensor which
detects a human who is within a predeterm ned range fromthe sensor. In
response to a signal fromthis sensor, the second 35illumnation |Iight can

be radi at egne-dimdénsional bar ddtid, EnSERINY PO AREOHE dffepdOtrom tfbﬁ- 14,
ust _one

the detector 210 is. arranged within the reader 40, but this is,j

exanpl e 1 SN0 Figh Gy <OF EoHESTr ot MR SPLEF 7Nk FERuRa FedSeARaY i n

t he readerpeTheed nBgithe secbhdnirnddreatiormagelet he Imedidanibn, theogoataedt he 5
presence of .t he aEEdi um For exa ' section 42 IS

confi gur ed W8 E”hﬁopégﬁégaﬁﬂxéﬁggésF%%EEJ%E%?HaﬁH’EHE' {8Sed &L t her e
are anys chikgeshd inforenglickecbdyp G shgesn iBxenplfest dmbodimemingén ang
commes as ELd AR ORIMLE AR, STRYTR cobABlAGR e bt Bl
amount s of réadgiing metaiodedddscred in dhetdexguickehsboimest ogndzeiseatl. t he
el um 10 ext ot s RS ot b huREP s cneufErReRERR b,
t he secondsétdndiemabodimenghinstead odiusing hieeideteat@?201 dheferito Ftigel4),
app el wi ERGYRATEN (PG To dateck thElpRTRrRecHithd tncdRhf, Psudiafite of
using an i akepttshavisittbatdther ehediurpribtisnikelyr torrdrdamgstd wdi aghighaips or
code. compPaDagNey,. | EofieRafitld the phrdha¥Rafdbofiel it 00 MG, o
code is folmElg- 1Becamber maditedosudvdbahiberdetaciar 205dis eBaagaddar R
modul es, WogRRHE dtBcfdiadfid ARBELSE&ST 201 detects a vehicle which comes in
15 apredetermined detection (distance) range of the detector 201. When
the detector 201 outputs a signal showing that a vehicle is presentin its
detection range, the illumination light of the second wavelength band
(including the infrared light) is started to be emitted.
In the parking management system 100, it is assumed that the
20 driver performs fee adjustment without getting off the car. Hence, a
vehicle comes closer to the fee adjustment device 102, there is a higher
possibility that a parking ticket, that is, a medium with the information
code, comes in the predetermined imaging range of the device. Hence,
in response to detection of an approaching vehicle, the illumination
25 light, which is the infrared light for instance, can be emitted. This
makes it possible to save power and prepare quickly for reading the
ticket, thereby smoothing the processes for the fee adjustment.
Incidentally, the preparation for the reading process may include not
only the emission of the light of the second wavelength band but also
30 drive process for other members in the fee adjustment device, such as
drive of rollers to pull in the ticket from the insertion opening.

In addition, the detector 201 can be arranged as a human
sensor which detects a human who is within a predetermined range
from the sensor. In response to a signal from this sensor, the second

35 illumination light can be radiated.



illumnating means for emtting illumnation light; inmaging neans for

i magi ng the mediumto which the 10illumnation light is emtted by the
illum nating nmeans; and decodi ﬁ937n'eans for extracting and decodi ng
the information code froman image of the nedi um obtained by the inaging
means, wherein the nedi um has inversion areas and non-inversion

areas, the i nVer?h%@‘s@éﬁnU)eﬁ{b%?cﬁmévmg SGEHSWH Pr‘i‘ F‘Fgarl@ﬁtt%re' abt&&opn one
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2. The system according to claim1, wherein the illum nating neans

I ncl udes, in addition to the second illumnation light emtting neans, a
first illumnation light emtting maan's?’%m'tting the illum nation |ight of
the first wavel ength band to the 10 nedium and the i magi ng neans is

configured to image the nediumin a state where the light of the second
wavel engt hyasdiand ke id-ght of the first wavel ength band are emtted to
the nmedium 153. The system according to claim2, wherein each of the first
and second illumnnation light emtting neans has |ight sources, the |ight

sources of the second dyidteff A&t F@AdINGOBR iBfBIhAABNTERNS, &einpgidiagoer in
nunber than the |ight sources of the™first illumnation light entting
means. 20 4. The &{R@e¢@ia8R8rding to claim2 or 3, wherein t he

nedi umglas a spegj fméd%ﬁgi ?ﬁ c{:rﬁirﬁf&/@'m@‘i bnaitrﬁgﬁi"hitaltﬁiri @Ed@f idt hﬁmeu,ertﬁbon and
non-i nversion areas and a rther region er n e specific region on
The o um Rt it oas haBoois iy Thales asid AArkHBodEs 11 ¢ 1 ogi on and
a seconq i nfor thﬁ@r@gmebeéamem@ isgs:t he further region; t he
second i nfornmatiaon cade,has |ight nodul.es show {Ilﬂﬂ[}t reflection

. . n
characteristics tOUFHBAFNGnMESFNS By #TH n%@\éﬁﬂéﬁa glt'and dark modul es
showi ng dark refliadging cimasarst eforstimagimg t biee | irgatiwh tie 3i€hr she

vt 8" huBAEt ST yan s HE AN EREARU BRERR AT 384T, L
wavel engt h bands decquingl tvedarfofor axtredsng angraseidiper the iofotmatipn
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wherein the medium has inversion areas and non-inversion
areas, the inversion areas i) presenting reflection characteristics on one
15 of a dark color and a light color when light of a first wavelength band
including at least a visible light band is emitted to the medium and ii)
presenting reflection characteristics on the other of the dark color and
the light color when light of a second wavelength band different in
wavelengths from the first wavelength band is emitted to the medium,
20  the non-inversion areas iii) presenting the reflection characteristics on
the one of the dark color and the light color when the light of the first
wavelength band is emitted to the medium and iv) representing the
reflection characteristics on the one of the dark color and the light color
when the light of the second wavelength band is emitted to the
25 medium;
either one of the light modules and the dark modules of the
code are made of one of the inversion areas and the non-inversion
areas, and the other modules of the light modules and the dark modules
of the code are made of the other of the inversion areas and the
30 non-inversion areas;
the illuminating means includes a second illumination light
emitting means emitting the illumination light of the second wavelength
band toward the medium;
the imaging means is configured to image the medium in a state
35 where the light of the second wavelength band is emitted to the
medium; and



t he decoding neans is configured to extract both the information code and

the second information code for encodi ng thereof. 5. The system
according to claim4, wherein the infortmtion 5 code and the second
i nformati on code are printed by using the sane type of ink. 6.

The system according to any one of clains 1 to 5, wherein the inversion

areas are fornedtha cféwﬁlﬁﬁenééhg i$ @Bhﬁ?h'r@ﬂ téQjé?cE@f Q*Fbﬁ’f tisé irﬁ% geo thiBe
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are fOfrTEdekQ‘ai:'ﬂ%Net B?eé'@rdf fred |Ii‘g¢itl mbcnméfsa@:ﬁ@rﬁh%t Hesk trdodiged igHy tef the
first and ecog % ea%th banda 5t he nforcimtlon code has the dark
modul es f ofREAARFNEREIATRALIANEQ %rp ONeraRked Tep¥!thodul es formed in

t he i nypersion areas. 7. The system accord| ng to any one of clains
1 to 6, wherein ég tﬁ? has a bagwgrlound ar continuing to and
surroundi ng an a ?ﬁytg ﬁ?%(?rr?ﬁ'f‘g clgye to eﬂrPlereon t he
background area cthasﬂﬂjmma@rhgemmstrlrnelucm@rmoad@it&:ms tor theesecond

non-i nver S] n ar syst ccordin claime6 wher ein
5t e med; UHTRALE Aisby: STStREe EaRST i st Doanaetia S AYTHRGr ca
with the i niennnsatermtungdbeﬁkbunadatlbarlegm oitih'ea hesﬂwaoef&hgthdaam@rheltbm ng of

ei t her heniﬁiigﬁrij gg areas or the non-inversion areas, and t he
background u fjantially occupi es part of a surface of 30 the nedium
and forned as théhernmeagingmaaes isfcoafidameddol ionage Ihleepiaedimtiaraj’stmjeful |y
to cross t C | &

wherein thgﬁb&%k%h?aou%ht SF Elae i°§ cgﬁd g?/eﬁé/ étfg?ﬂg%ﬁ Oa[rﬂﬂ ngﬁ ggt&ogrﬁe %gt

char act er swas®|ength @@an&r&)elns!ttechlt@lth@sm&mdna conbi nat i on thereof.

15 3. The system according to claim 2, wherein each of the first
and second illumination light emitting means has light sources, the light
sources of the second illumination light emitting means being larger in
number than the light sources of the first illumination light emitting
means.

20

4, The system according to claim 2 or 3, wherein

the medium has a specific region formed with a combination of
the inversion and non-inversion areas and a further region other than
the specific region on the medium, the information code being mapped

25 in the specific region and a second information code being mapped in
the further region;

the second information code has light modules showing light
reflection characteristics to the light of the first wavelength band and
dark modules showing dark reflection characteristics to the light of the

30 first wavelength band area;

the first and second illumination light emitting means are
configured to emit the light of the first and second wavelength bands
in parallel for, at least, a preset period of time;

the image means is configured to image the medium under

35 parallel emission of the light of the first and second wavelength bands;
and



- 41 - 10. The system according to any one of clainms 7 to 9, wherein the

mediumis a sheet of thermal paper; ) ~ the information code is printed
on the sheet of thermal paper by a t hérdtal print method; and 5the
background area is printed using ink. 11. The system according to

any one of clains 1 to 10, wherein the nmediumhas a first coloring nmedium
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col oring medi um showi ng the dark reflection characteristics to the em ssion
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all the aresde eind hige dagdorb thfoemdtis et dey atb e réeteehdycosiong tige maghem ar e
overl apped_ wth_part of an area fornmed by the first coloring nmedium 2012.

The systen‘fyeR:E’CBFﬂPﬁﬁ'g to any one of clains 1 to 11, wherein the information

code is a partially non-disclosed code which includes in part a

non-di scl osed regi on_in which data gencrypted S n r ognanhy key

are recorded. 25%3. nrﬁb%fé’? q.ﬁnf%gcqrgiﬁ&é %’ﬁy |0%faeogﬁ§[)q'8% go%ag%_' Wﬁ@i ng: a

reader; and the mverdiomareasr are fgrcdd ato ighfoar ndte arar&odeflestidéor med,
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emtted by the i kf U 5RGH081EA S ea® e formed to show the dark reflection
characteristics to the light of the first and second wavelength bands;

and

15 the information code has the dark modules formed in the
non-inversion areas and the light modules formed in the inversion
areas.

7. The system according to any one of claims 1 to 6, wherein

20 the medium has a background area continuing to and surrounding an

area with the information code formed thereon, the background area
consisting of either the inversion areas or the non-inversion areas.

8. The system according to claim 6, wherein
25 the medium has a background area continuing to and
surrounding an area with the information code formed thereon, the
background area consisting of either the inversion areas or the
non-inversion areas, and
the background area substantially occupies part of a surface of
30 the medium and formed as the inversion area of a dark color, the part
extending fully to cross the surface.

9. The system according to claim 6 or 7, wherein the
background area is an area designed with at |least one of characters,
35 figures, symbols, markings, and a combination thereof.



decodi ng neans for extracting and decoding the information code from an

i mge of the nedi um obtained by the inagi ng neans, 35wherein the nedi um has
i nversion areas and non-inversion areas;-the inversion areas i) show ng
dark reflection characteristics - 42 - when light of a first wavel ength
band including at |least a visible light band is emtted to the nmedi um and

H show ng light jef | peéisgatEhpaddiihgtbGyBae of GRIme7 fo SeePidrein
wavel engt h band djfferent i n wayel e\r;%t s fromthe first wavel ength band is
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n
emitted to the neBRUMEMURKIS A nak BaREri i) showi ng the dark
reflection charagherhfdiristivhadbdds priahdd eh theeshéesisdr immehengapeppnd i s

emtted to_the nmediumand jv _shoa/i ng the dark reflection characteristics
when the | Pdihergralimdnt seetiPdwmeBfengt h band is emitted to the medium the

areas of the |ighhenpsth@®didEapsodiperthtad tdiag imker sion 10 areas and the
areas of the dark nodul es are produced as the non-inversion areas in at

| east part of an area in which the information code is fornmed on the
medi um the inforinati dhecoystdrei rgcprérNtted alhyomreeiofg chainrmled wohaid,t he

e e SRR e BiR oot aL BRp HESE, SHEARD e RS
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laim 13, wher ei _ 11w . ey . Ction t
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em ttiHy me@diueni 8ndng the illumination light of the first wavel ength band

to the all the areas of the dark modules formed by the second coloring
medium are overlapped with part of an area formed by the first coloring
medium.

20 12. The system according to any one of claims 1 to 11,
wherein the information code is a partially non-disciosed code which
includes in part a non-disclosed region in which data encrypted based
on a cryptography key are recorded.

25 13. A system for reading an information code, comprising:
a reader; and
a medium on or in which an information code is formed, the
information code having light modules and dark modules,
wherein the reader comprises:
30 illuminating means for emitting illumination light;
imaging means for imaging the medium to which the
illumination light is emitted by the illuminating means; and
decoding means for extracting and decoding the information
code from an image of the medium obtained by the imaging means,
35 wherein the medium has inversion areas and non-inversion
areas, the inversion areas i) showing dark reflection characteristics



30 nmedium and the imaging neans is configured to i mage the nedium
in a state where the |ight of the second wavel ength band and the |ight of
the first wavel ength band are emtted ‘t4 the nedium at the same tine or at
different tines. - 43 - 15. The system according to claim 13 or
14, wherein only areas of part of the light nodules is produced as the
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reader t hafromedisingnenobdedavhen dodé&)versiqn iasieng: are recognized as dark
areas,

15 the illuminating means includes a second illumination light
emitting means emitting the illumination light of the second wavelength
band toward the medium;

the imaging means is configured to image the medium in a state
where the light of the second wavelength band is emitted to the

20  medium; and

the decoding means is configured to detect, from the image, the
inversion areas and the non-inversion areas differentiatedly so as to
extract the areas of the light modules and the dark modules and to
decode the information code based on extracted results.

25

14. The system according to claim 13, wherein

the illuminating means includes, in addition to the second
illumination light emitting means, a first illumination light emitting
means emitting the illumination light of the first wavelength band to the

30 medium; and

the imaging means is configured to image the medium in a state
where the light of the second wavelength band and the light of the first
wavelength band are emitted to the medium at the same time or at
different times.

35



30 illumnating nmeans for emtting illumnation light to a nmedi um on which
an information code with Iight nodul es and dark nodul es are forned,

i mgi ng nmeans for imgi ng the nedi um t&whi ch the illumination light is
emtted by the illum nating neans; and 35decodi ng neans for extracting and
decoding the informati on code froman i mage of the medi um obtai ned by the

I mging means, 1544 The system W& dding @ ERARYM Dag Ay epplepBiricRy and

non-i nversi on areas, the inversion areas 1) presenting reflection
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the information code based on extracted results. 3021. A reading that reads
an informati on cdde, ¢bepeysiem: according to any one of claims 13 - 17,

wherein the information code is a partially non-disclosed code which
includes in part a non-disclosed region in which data encrypted based
20 on a cryptography key are recorded.

19. The system according to any one of claims 13 - 18,
wherein the reader comprises recognition means for recognizing a
presence of the medium,
25 wherein the illuminating means is configured to emit, at least,
the illumination light of the second wavelength band when the
recognition means recognizes the presence of the medium.

20. A reader that reads an information code, comprising:

30 illuminating means for emitting illumination light to a medium
on which an information code with light modules and dark modules are
formed;

imaging means for imaging the medium to which the
illumination light is emitted by the illuminating means; and

35 decoding means for extracting and decoding the information
code from an image of the medium obtained by the imaging means,



illumnating nmeans for emtting illumnation light to a nmedium on which an
informati on code with |ight nodul es and dark nodul es are forned,

i mgi ng neans for inmaging the nedium td*which the 35i|lunination light is

emtted by the illum nating neans; and - 45 - decodi ng nmeans for

extracting and decoding the information code froman i nage of the nedium
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of the code are made of the other of the inversion areas and the
non-inversion areas,;

the illuminating means includes a second illumination light
20  emitting means emitting the illumination light of the second wavelength
band toward the medium;
the imaging means is configured to image the medium in a state
where the light of the second wavelength band is emitted to the
medium; and
25 the decoding means is configured to detect, from the image, the
inversion areas and the non-inversion areas differentiatedly so as to
extract the areas of the light modules and the dark modules and to
decode the information code based on extracted results.

30 21. A reading that reads an information code, comprising:
iluminating means for emitting illumination light to a medium
on which an information code with light modules and dark modules are
formed;
imaging means for imaging the medium to which the
35 Hlumination light is emitted by the illuminating means; and



i nformati on code having |ight nodul es and dark nodul es, wherein the

I nformati on code has inversion areas aq&?non-inversion areas, the inversion
areas i) presenting reflection charactefistics on one of a dark color and a
i ght color when light of a 35 first wavel ength band including at |east a
visible light band is emtted to the nediumand ii) presenting reflection
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the non-inversion areas iii) showing the dark reflection characteristics
10 when the light of the first wavelength band is emitted to the medium
and iv) showing the dark reflection characteristics when the light of the
second wavelength band is emitted to the medium;
the areas of the light modules are produced as the inversion
areas and the areas of the dark modules are produced as the
15 non-inversion areas in at least part of an area in which the information
code is formed on the medium, the information code being prevented
from being encoded when the inversion areas are recognized as dark
areas,
the illuminating means includes a second illumination light
20 emitting means emitting the illumination light of the second wavelength
band toward the medium;
the imaging means is configured to image the medium in a state
where the light of the second wavelength band is emitted to the
medium; and
25 the decoding means is configured to detect, from the image, the
inversion areas and the non-inversion areas differentiatedly so as to
extract the areas of the light modules and the dark modules and to
decode the information code based on extracted results.

30 22. A medium on which an information code is formed, the
information code having light modules and dark modules,

wherein the information code has inversion areas and

non-inversion areas, the inversion areas i) presenting reflection

characteristics on one of a dark color and a light color when light of a

35 first wavelength band including at least a visible light band is emitted to

the medium and ii) presenting reflection characteristics on the other of
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the dark color and the light color when light of a second wavelength
band different in wavelengths from the first wavelength band is emitted
to the medium, the non-inversion areas iii) presenting the reflection
characteristics on the one of the dark color and the light color when the
light of the first wavelength band is emitted to the medium and iv)
representing the reflection characteristics on the one of the dark color
and the light color when the light of the second wavelength band is
emitted to the medium; and

either one of the light modules and the dark modules of the
code are produced as one of the inversion areas and the non-inversion
areas, and the other modules of the light modules and the dark modules
of the code are produced as the other of the inversion areas and the
non-inversion areas.



