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(57) ABSTRACT 

An invisible symbol reading apparatus includes a heating 
unit for heating an invisible symbol formed on a sample and 
containing a material Which emits infrared light When 
heated, a detecting unit for detecting infrared light emitted 
from the invisible symbol, and an arithmetic operation unit 
for binariZing a detection signal from the detecting unit. The 
arithmetic operation unit calculates a differential coef?cient 
of the detection signal, that corresponds to a position on the 
sample. On the basis of upper and loWer threshold values set 
for the differential coef?cient, the arithmetic operation unit 
determines a maximum value of the differential coef?cient 
in a region exceeding the upper threshold value and a 
minimum value of the differential coef?cient in a region 
smaller than the loWer threshold value. The arithmetic 
operation unit binariZes the detection signal by using the 
maximum or minimum value as a loading or trailing edge of 
a binary function. 
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METHOD AND APPARATUS FOR READING 
INVISIBLE SYMBOL 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a method and 
apparatus for reading invisible symbols (linear barcodes and 
tWo-dimensional symbols) usable in mail service, distribu 
tion of articles Whose appearances are important, manage 
ment of documents and articles requiring secrecy, and pre 
vention of forgery. 

[0002] Barcodes or tWo-dimensional symbols represent 
ing information about a manufacturing country, manufac 
turer, and product items are printed or pasted as labels on 
many articles currently distributed on the market. When an 
operator uses an optical reader to read a barcode, a corre 
sponding price is read out from a database. This greatly 
reduces the Working time compared to conventional Work in 
Which an operator inputs a price into a register. Stock control 
is also made e?icient by constructing a POS system. Addi 
tionally, barcodes are effective to increase the e?iciency of 
express delivery. 

[0003] On the other hand, barcodes cannot be attached to 
some articles, and it is better not to attach barcodes to some 
articles presently having barcodes. For example, a printed 
barcode spoils the appearance of a book. This problem of 
appearance can be solved if an invisible or stealth barcode 
can be attached to an article. A tag or barcode is presently 
attached to the inside of a linen supply or clothing item 
Where this tag or barcode is di?icult to see. HoWever, the 
Work of distribution can be rationaliZed if an invisible 
barcode can be attached to the front surface of a packaged 
article. 

[0004] In mail service, Zip codes are read by an OCR to 
process a large amount of mails Within a short time. HoW 
ever, this Zip code reading is time-consuming and requires 
manual sorting of mails because read errors sometimes 
occur. Although barcodes may be used in mail service, 
visible barcodes cannot be printed on the surfaces of mails 
because the barcodes contaminate the mails. If information 
such as a Zip code can be printed as an invisible barcode as 

in the above case, the time of sorting can be greatly reduced, 
and this alloWs rapid delivery of mails. 

[0005] A barcode can contain much information in a 
narroW space. HoWever, a barcode itself cannot unlimitedly 
shrink, so a ?xed exclusive area is necessary. This exclusive 
area is not negligible if the siZe of an article is small. 
HoWever, an invisible barcode can be superposed on some 
other printed information and hence does not require any 
exclusive area. 

[0006] As a method of preventing forgery, invisible bar 
codes can be combined With another forgery preventing 
method. This may improve the effect of preventing forgery. 
As described above, invisible barcodes can extend the range 
of application of barcodes. 

[0007] TWo kinds of invisible barcode methods are pres 
ently possible: in one method a barcode is read by ultraviolet 
light, and in the other method a barcode is read by infrared 
light. In the method using ultraviolet light, a barcode is 
formed by using a ?uorescent dye Which does not absorb 
visible light. This ?uorescent dye is excited by ultraviolet 
light, and ?uorescence Whose Wavelength is different from 
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that of the excitation light is detected. In the method using 
infrared light, a barcode is formed by using a metal complex 
Which does not absorb visible light. This metal complex is 
excited by infrared light, and ?uorescence Whose Wave 
length is different from that of the excitation light is detected 
(“Stealth Barcodes”, Tsunemi OoiWa, OplusE, No. 213, p. 
83, 1997). 
[0008] Unfortunately, the ultraviolet light method has the 
folloWing problem. That is, ?uorescent dyes are often added 
to paper and cloth for bleaching purposes, and these ?uo 
rescent dyes also emit ?uorescence. Since interaction With 
ultraviolet light is transition betWeen electronic states of 
molecules, ?uorescence less depends upon the intrinsic 
nature of a substance. Therefore, it is highly likely that 
reading of ?uorescence emitted from an invisible barcode is 
interfered With. Also, a ?uorescent dye in the ultraviolet 
region readily causes photo-deterioration, so it is highly 
possible that no predetermined ?uorescence intensity can be 
obtained after a long-time use or storage. For these reasons, 
the reading accuracy largely declines easily. 

[0009] Additionally, both ?uorescent dyes and metal com 
plexes have problems in toxicity and Waste disposal. That is, 
barcodes are brought into homes together With commodities, 
and some barcodes remain existing in the living environ 
ment for long time periods. Therefore, babies and little 
children may lick these barcodes by mistake, or toxic 
loW-concentration exposure to barcodes may occur. When 
these possibilities are taken into consideration, it is neces 
sary to select materials from compounds already found to be 
safe. Furthermore, When recent Waste disposal regulations 
are taken into consideration, it is desirable to select materials 
by taking account of even recycling and ?nal disposal. In 
these respects, it is preferable to avoid the use of ?uorescent 
dyes and metal complexes. 

[0010] To prevent forgery, it is important that both a reader 
and an invisible barcode material be difficult to obtain. 
When an ultraviolet ?uorescent dye is used, a light source 
for emitting ultraviolet light is readily available. Fluores 
cence in the visible light region can, of course, be visually 
checked. Fluorescence in the ultraviolet region is also easy 
to visually check by inputting the ?uorescence into another 
material. Additionally, ?uorescence less depends upon the 
intrinsic nature of a substance, so a substance Which emits 
?uorescence similar to that of a visible barcode material is 
readily obtainable. On the other hand, in the infrared light 
method using a metal complex, an LED for the near infrared 
region can be used as a light source, and ?uorescence can be 
detected by a CCD camera. Additionally, a similar ?uores 
cent material can be easily obtained as in the case of a 
?uorescent material in the ultraviolet region. 

[0011] As described above, an invisible barcode presently 
has many problems although it is expected as a technology 
meeting various needs. 

BRIEF SUMMARY OF THE INVENTION 

[0012] It is an object of the present invention to provide a 
method and apparatus capable of reading invisible symbols 
With high reading accuracy. 

[0013] A method for reading an invisible symbol of the 
present invention comprises the steps of heating an invisible 
symbol formed on a sample and containing a material Which 
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emits infrared light When heated, detecting infrared light 
emitted from the invisible symbol, calculating a differential 
coefficient of a detection signal corresponding to a position 
on the sample, determining, on the basis of upper and loWer 
threshold values set for the differential coefficient, a maxi 
mum value of the differential coefficient in a region exceed 
ing the upper threshold value and a minimum value of the 
differential coefficient in a region smaller than the loWer 
threshold value, and binariZing the detection signal by using 
the maximum or minimum value as a leading or trailing edge 
of a binary function. 

[0014] In the method of the present invention, it is also 
possible to heat the sample and detect infrared light emitted 
from the invisible symbol in a process of cooling the sample. 

[0015] An apparatus for reading an invisible symbol of the 
present invention comprises heating means for heating an 
invisible symbol formed on a sample and containing a 
material Which emits infrared light When heated, detecting 
means for detecting infrared light emitted from the invisible 
symbol, and an arithmetic operation unit for binariZing a 
detection signal from the detecting means. The arithmetic 
operation unit calculates a differential coefficient of a detec 
tion signal corresponding to a position on the sample, 
determines, on the basis of upper and loWer threshold values 
set for the differential coefficient, a maximum value of the 
differential coefficient in a region exceeding the upper 
threshold value and a minimum value of the differential 
coefficient in a region smaller than the loWer threshold 
value, and binariZes the maximum or minimum value as a 
leading or trailing edge of a binary function. 

[0016] The apparatus of the present invention can further 
comprise means for moving the sample from a heating 
position of the heating means to a detection position of the 
detecting means, and control means for turning off the 
heating means heating the sample before detection by the 
detecting means. When these means are provided, infrared 
light emitted from the invisible symbol can be detected in a 
process of cooling the sample. 

[0017] Additional objects and advantages of the: invention 
Will be set forth in the description Which folloWs, and in part 
Will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realiZed and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0018] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
presently preferred embodiments of the invention, and 
together With the general description given above and the 
detailed description of the preferred embodiments given 
beloW, serve to explain the principles of the invention. 

[0019] FIG. 1 is a block diagram shoWing an invisible 
symbol reading apparatus of Example 1; 
[0020] FIG. 2 is a graph shoWing the intensity of infrared 
light emitted from an invisible symbol measured in Example 
1; 
[0021] FIG. 3 is a graph for explaining a method of 
determining peak values from differential data of measured 
data in Example 1; 
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[0022] FIG. 4 is a graph shoWing differential data and a 
binary function in Example 1; 

[0023] FIG. 5 is a graph shoWing a binary function and 
data obtained by optimiZing the Widths of bars and spaces; 

[0024] FIG. 6 is a block diagram shoWing an invisible 
symbol reading apparatus of Example 2; 

[0025] FIG. 7A is a perspective vieW of a stage and a 
target used in the invisible symbol reading apparatus of 
Example 2, FIG. 7B is a perspective vieW of the target, and 
FIG. 7C is a sectional vieW of the stage and the target; 

[0026] FIG. 8A is a plan vieW shoWing an invisible 
symbol reading apparatus of Example 5 and FIG. 8B is a 
front vieW of the apparatus; 

[0027] FIG. 9 is a vieW shoWing the construction of an 
invisible symbol reading apparatus of Example 6; 

[0028] FIG. 10 is a perspective vieW shoWing the posi 
tional relationship betWeen a tubular halogen lamp With 
re?ector and a stage top plate in the invisible symbol reading 
apparatus; 

[0029] FIG. 11 is a sectional vieW of the tubular halogen 
lamp With re?ector of the invisible symbol reading apparatus 
of Example 6; 

[0030] FIG. 12 is a graph shoWing infrared light intensity 
emitted from a measured barcode in Example 6; 

[0031] FIG. 13 is a vieW shoWing the operation of a 
thermal head in an invisible symbol reading apparatus of 
Example 7; 

[0032] FIG. 14 is a plan vieW shoWing a barcode infor 
mation portion and its peripheral portion; 

[0033] FIG. 15 is a block diagram shoWing an invisible 
symbol reading apparatus of Example 10; 

[0034] FIGS. 16A and 16B are graphs shoWing infrared 
emission signals obtained by different spatial resolutions; 

[0035] FIG. 17 is a perspective vieW shoWing an arrange 
ment of a detecting optical system, heating means, and 
conveyor means of an invisible symbol reading apparatus of 
Example 12; and 

[0036] FIG. 18 is a vieW shoWing another arrangement of 
the detecting operation system, heating means, and conveyor 
means of the invisible symbol reading apparatus of Example 
12. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0037] The present invention Will be described in more 
detail beloW. 

[0038] In the present invention, symbols mean linear 
(one-dimensional) barcodes and tWo-dimensional symbols. 
Reading of a barcode as a representative symbol Will be 
principally described beloW. 

[0039] The principle of the present invention is to use 
infrared light emitted from an invisible barcode as reading 
light. Every molecule has absorption in the infrared region 
as interaction With its molecular vibration. Therefore, every 
molecule absorbs infrared light having a Wavelength intrin 
sic to its molecular structure and state and emits infrared 
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light. That is, the Wavelength of infrared light as a result of 
interaction changes in accordance With the molecular struc 
ture or state of a molecule. Accordingly, the in?uence of an 
interfering substance can be suppressed by using a material 
not used in a sample (an article to Which a barcode is 
attached) as the material of the barcode. Additionally, a 
material containing neither metals nor halogens and found to 
be safe both When in use and Wasted can be chosen as the 
material of a barcode. When a barcode is to be read With 
infrared light, the energy per photon is smaller than that of 
ultraviolet light or visible light, so the operation is readily 
in?uenced by ambient heat. By contrast, the present inven 
tion can effectively remove ambient thermal noise. 

[0040] That is, an invisible symbol reading method of the 
present invention comprises the steps of heating an invisible 
symbol formed on a sample and containing a material Which 
emits infrared light When heated, detecting infrared light 
emitted from the invisible symbol, calculating a differential 
coe?icient of a detection signal corresponding to a position 
on the sample, determining, on the basis of upper and loWer 
threshold values set for the differential coe?icient, a maxi 
mum value of the differential coe?icient in a region exceed 
ing the upper threshold value and a minimum value of the 
differential coefficient in a region smaller than the loWer 
threshold value, and binariZing the detection signal by using 
the maximum or minimum value as a leading or trailing edge 
of a binary function. 

[0041] In the present invention, an invisible symbol 
formed on a sample and containing a material Which emits 
infrared light When heated is heated, and infrared light 
emitted from the invisible symbol as a result of heating is 
detected. 

[0042] If the heating means exists near the sample While a 
signal is detected, heat from this heating means is detected 
as a noise, and this decreases the sensitivity. Also, When a 
signal is detected While the sample is heated, heat absorbed 
as infrared light by the barcode diffuses to the underlying 
substrate. This decreases the signal contrast betWeen the 
barcode and the substrate. In the present invention, there 
fore, it is also possible to heat a sample on Which an invisible 
barcode is formed and detect infrared light emitted from the 
barcode in the course of cooling the sample. 

[0043] More speci?cally, heating means is installed apart 
from detecting means, and a sample is moved from the 
heating position of the heating means to the detection 
position of the detecting means. Alternatively, the heating 
means heating a sample is turned off before detection by the 
detecting means. When a method like this is used to detect 
infrared light emitted from a barcode during the course of 
sample cooling, thermal noise from the heating means can 
be reduced, and any decrease of contrast betWeen the 
barcode and the substrate can be prevented. 

[0044] Next, the detection signal obtained by the detecting 
means is binariZed. This detection signal of a barcode is a 
curve corresponding to bars (black portions in common 
barcodes) and spaces. If there is no in?uence of thermal 
noise, it is possible to set an appropriate threshold value, 
regard portions larger and smaller than this threshold value 
to be bars and spaces, respectively, and determine points 
intersecting the threshold value as the start and end positions 
of each bar. HoWever, even When thermal noise from the 
heating means is reduced as described above, ambient 
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thermal noise is superposed on the detection signal of 
infrared light, so the Whole detection signal often ?uctuates. 
Hence, this simple method cannot binariZe the signal. 

[0045] In the present invention, the detection signal is 
differentiated, and maximum and minimum values of the 
differential coefficient are used to determine the start and end 
positions of a bar. More speci?cally, tWo threshold values, 
i.e., upper and loWer threshold values are set With a prede 
termined Width betWeen them With respect to the differential 
coe?icient of the detection signal. A maximum value of the 
differential coe?icient in a region exceeding the upper 
threshold value and a minimum value of the differential 
coe?icient in a region smaller than the loWer threshold value 
are determined. The detection signal is binariZed by using 
these peak values as the leading or trailing edge of a binary 
function. Note that the detection signal is desirably 
smoothed to reduce the in?uence of thermal noise before 
being differentiated. It is further desirable to smooth the 
slope in calculating the differential coe?icient. 

[0046] In actually used barcodes, the Widths of bars (or 
spaces) are integral multiples of a basic Width. HoWever, the 
binary function obtained by the above method often shifts 
from an integral multiple of the basic Width oWing to the 
in?uence of noise or smoothing. Therefore, it is desirable to 
perform data processing of correcting the obtained binary 
function into an integral multiple of the basic Width. When 
the data thus obtained is decoded in the same manner as for 
a common barcode, information recorded in the invisible 
barcode can be read. 

[0047] The reading accuracy can be increased by using 
various rules applied to barcodes. For example, assuming a 
bar With the basic Width is “1” and a space With the basic 
Width is “0”, a JAN code of eight characters is represented 
in accordance With the folloWing rule. That is, a JAN code 
of eight characters is composed of left guard bars “101”, 
four data characters on the left side, center bars “01010”, 
three data characters on the right side, one modular check 
character, and right guard bars “101”. One character (num 
ber) is expressed by forming a module seven times as large 
as the basic Width by using tWo bars and tWo spaces. The 
boundary betWeen characters coincides With a change from 
a bar to a space. The modular check character is used to 
check for a read error and takes a value calculated on the 
basis of the data characters. 

[0048] An apparatus of the present invention can increase 
the reading accuracy by checking Whether the result of 
binariZation meets the aforementioned rules. The apparatus 
can also correct the result of binariZation to eliminate 
contradiction. Details of the data processing method Will be 
described later in examples of the present invention. 

[0049] US. Pat. No. 5,294,198 discloses a semiconductor 
device evaluation apparatus for obtaining surface informa 
tion of a sample by detecting infrared light emitted by 
heating. This apparatus observes infrared light emitted from 
different portions on the surface of a device and evaluates 
Whether the device is normal or abnormal on the basis of the 
infrared emission (temperature). In this evaluation, the appa 
ratus checks Whether the deviation of each measured value 
from a reference value exceeds a predetermined value. 
HoWever, an invisible symbol such as an invisible barcode 
as an object of the present invention cannot be read by 
simply comparing the measured value With the reference 
value as in this apparatus. 
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[0050] Jpn. Pat. Appln. KOKAI Publication No. 7-282184 
describes an apparatus for sensing infrared light emitted by 
heating to discriminate an invisible symbol for examining 
the genuineness of an article. In this apparatus, a heat roller 
heats an invisible symbol formed on the surface of a card by 
using a heat-absorbing substance, and an array sensor senses 
the thermal emission of light. The apparatus examines the 
genuineness of the card on the basis of matching betWeen the 
magnetic information and the light-emitting invisible sym 
bol. Unfortunately, an object of detection by this prior art is 
a genuineness examination mark larger than general bar 
codes. To read symbols such as barcodes as in the present 
invention, an optical system for detecting emission of infra 
red light With spatial resolution meeting the minimum Width 
of a barcode is important. HoWever, Jpn. Pat. Appln. KOKAI 
Publication No; 7-282184 does not describe any optical 
system for guiding light emission to an infrared sensor such 
as an array sensor. Hence, the apparatus cannot be applied to 
reading of barcodes. 

[0051] Materials used in the present invention and com 
ponents of a reading apparatus Will be described in more 
detail beloW. 

[0052] In the present invention, a compound having an 
infrared absorption Wavelength far apart from that of a 
sample (substrate) is used as the material of an invisible 
barcode. Since infrared light is absorbed by atmospheric 
moisture or carbon dioxide depending on the Wavelength, 
the intensity of a detection signal can largely vary in some 
cases. The detection signal is also readily in?uenced by 
Water or contamination on the surface of an invisible bar 
code. Accordingly, it is important to eliminate these in?u 
ences. It is, therefore, desirable to use a compound having a 
cyano (CN) group as the material of an invisible barcode, 
and the use of a polymer containing a cyano group is more 
desirable. This material is used in the form of ink-jet printer 
ink, thermal transfer ink ribbon, electrophotographic toner, 
or ?ber to form an invisible barcode on a sample made of 
paper, polymer, cloth, or the like. For example, When an 
invisible barcode made from a polymer containing a cyano 
group is heated, the barcode emits infrared light With a 
Wavelength of about 4.5 pm. 

[0053] To obtain emission of infrared light from an invis 
ible barcode by exciting molecular vibration of the barcode, 
a barcode containing a material Which absorbs infrared light 
is heated. The heating means is desirably a contact type 
heater such as a thermal head, thermal bar, or hot stamp; a 
Warm air heater; or a halogen lamp Which emits infrared 
light in a board Wavelength range. To excite the molecular 
state of a barcode, it is also possible to irradiate light having 
a speci?c Wavelength. HoWever, this method is undesirable 
in terms of ef?ciency because light except for the speci?c 
Wavelength is cut. 

[0054] In the present invention, the heating means is 
preferably capable of heating the entire area of a barcode 
information portion at once. When a halogen lamp is used as 
this heating means, for example, a tubular halogen lamp is 
selected, and a bifocal re?ector having an elliptic section is 
installed around the lamp. The lamp is positioned at one 
focal point of the re?ector, and a sample is positioned at the 
other focal point. The re?ector linearly condenses infrared 
light from the halogen lamp onto the sample and heats the 
sample With this light Without contacting the sample. When 
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the output of the halogen lamp is about 1 kW, hoWever, a 
sample may be overheated to 100° C. or more in a feW 
seconds if the sample is positioned at the focal point of the 
re?ector. To prevent this, it is preferable to install means 
capable of adjusting the vertical position of the halogen 
lamp and place a sample in a position shifted a feW mm from 
the focal point of the re?ector. It is also preferable to heat a 
sample to a ?xed temperature by determining the heating 
time and current value by measuring the temperature of the 
sample by a radiation thermometer and install a safety 
device for protecting the sample from overheating. 

[0055] For a sample unsuited to being heated to a high 
temperature, e.g., a card in Which magnetic information is 
Written, it is necessary to heat only the barcode portion and 
hold the card main body at a loW temperature. To this end, 
a heater is desirably brought into contact With the barcode 
printed surface to heat it. 

[0056] When any of these heating means is used to heat a 
barcode, excessive heating of the surroundings causes ther 
mal noise. Therefore, it is preferable to heat a barcode by 
adjusting not only the ultimate temperature but also the Way 
the temperature is changed in accordance With each sample. 

[0057] From the vieWpoint of the read accuracy, the appro 
priate heating temperature of a sample has a certain relation 
to the sensitivity of a detector. That is, When the sensitivity 
of a detector is high, it is desirable to minimiZe the heating 
temperature of a sample to reduce unnecessary thermal 
noise. For example, When an MCT detector is used as Will 
be described later, the heating temperature of a sample is 
preferably 50 to 100° C., and more preferably 70 to 80° C. 

[0058] When a heated sample is moved from the heating 
position to the detection position so as to be put in the 
cooling process as described earlier, the moving direction 
can be either perpendicular or parallel to the scan direction 
of a barcode. Examples of the moving means are a stepping 
motor and conveyor rollers. It is also possible to use a hot 
stage having a built-in heating means such as a bar heater 
and turn off the heating means before a heated sample is 
subjected to detection by detecting means. This hot stage 
preferably has a mechanism capable of radiating heat and 
cooling. In order to make a sample brought into contact With 
the hot stage uniformly in plane, it is desirable to use a target 
described beloW. 

[0059] Infrared light emitted from a barcode is invisible, 
so it is difficult to align the optical axis of a detecting optical 
system With a barcode information portion on a sample. To 
alloW easy alignment, therefore, it is also possible to use a 
target for alignment and align a barcode region With this 
target For example, a target obtained by forming a cross 
shaped mark matching the optical axis of the optical system 
on a transparent ?lm is used. Alternatively, a target having 
marks in three to four portions of a frame is used to align the 
intersection of extension lines of the marks With the optical 
axis of the optical system. Visible light can also be irradiated 
as guide light to attain alignment With the optical axis of the 
optical system. As a light source of this visible light, a 
loW-output diode laser With a Wavelength of about 650 nm 
can be used. 

[0060] To detect infrared light emitted from a sample 
having a barcode on it in accordance With the position on the 
sample, the optical axis of the optical system and the sample 
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are moved relative to each other. TWo methods are possible 
for this purpose: one is a method of scanning the optical aXis 
on the sample by rotating an optical element, and the other 
is a method of conveying the sample by a conveyor mecha 
nism. The angle the optical aXis of the optical system makes 
With a bar of a barcode sometimes changes in accordance 
With the position, and this may change the apparent bar 
Width to be read. To prevent this, it is desirable to eliminate 
the dependence of the bar Width on the position by posi 
tioning a sample at the focal point on the optical aXis of the 
optical system and conveying the sample While a ?xed angle 
is held betWeen the optical aXis and the sample. It is 
particularly desirable that the optical aXis of the optical 
system and the sample surface be perpendicular to each 
other. Note that if the apparent bar Width changes in accor 
dance With the position, data correction is performed. To 
convey a sample by the conveyor mechanism, the Way the 
sample is moved is adjusted in accordance With a barcode. 
Since the minimum bar Width (basic Width) of a common 
barcode is about 250 pm, the conveyance step is preferably 
100 pm or less, and more preferably about 10 pm. When a 
detector composed of a satisfactorily large number of ele 
ments, e.g., an FPA (Focal Plane Array) is used, pieces of 
information concerning different portions of a sample can be 
obtained at once. This eliminates the need to convey the 
sample to read signals. 
[0061] A mirror or a lens is used as an optical element for 
focusing and guiding infrared emission from a sample to the 
detector. When the object to be detected is a common 
barcode Whose minimum Width is about 250 pm, a proper 
optical element is chosen in accordance With the siZe of an 
element of the detector. When the siZe of each element 
constructing the detector is 100 pm or less, a barcode can be 
detected With satisfactorily high spatial resolution, so the 
optical element can be either a mirror or a lens. If the siZe 
of each element constructing the detector is larger than 100 
pm, it is necessary to enlarge an image before image 
formation. Hence, the use of a lens or a combined mirror is 
desirable. If this is the case, a Cassegrain lens used in a 
microscopic optical system is desirable, and a lens With a 
large Work-length is more desirable. The material of the lens 
is so selected as to meet the Wavelength of infrared light to 
be detected. If visible light is used as guide light, a material 
Which transmits both visible light and infrared light is 
chosen as the lens material. An optical stop is desirably 
inserted on the optical aXis of the optical system to improve 
the quality of light reaching the detector. If light beams 
having a different Wave length from each other are incident 
to a refractive optical element, they pass different optical 
paths due to difference betWeen focal lengths. Therefore, the 
use of the refractive optical element and the optical stop is 
advantageous because infrared light With a speci?c Wave 
length can be detected. 

[0062] A method of selecting a Wavelength can be used to 
reduce ambient thermal noise and detect infrared emission 
from a sample. To select a Wavelength, a grating or a ?lter 
can be used. A grating can eXtract a Wavelength in a narroW 
range, but the utiliZation (throughput) of light is loW, and the 
apparatus is enlarged. A ?lter is obtained by performing 
appropriate optical processing for a substrate suited to a 
Wavelength to be used and hence can be used easily. 
High-pass, loW-pass, and bandpass ?lters can be selectively 
used. Infrared emission from a barcode shoWs peaks cen 
tering around a Wavelength due to molecular vibration, 
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Whereas ambient thermal noise is independent of Wave 
length. By using a bandpass ?lter having a central Wave 
length corresponding to the Wavelength of infrared emission 
from a barcode, it is possible to effectively remove thermal 
noise and selectively guide the infrared emission from the 
barcode to the detector. For eXample, When a barcode is 
formed by using polyacrylonitrile containing a cyano group, 
the Wavelength of infrared emission is around 4.5 pm, so a 
bandpass ?lter Which transmits this Wavelength is used. 
Bandpass ?lters are classi?ed into a Wide-bandpass ?lter 
(10% or more of the central Wavelength) and a narroW 
bandpass ?lter (2% to 10% of the central Wavelength) in 
accordance With the band Width. The narroWer the band 
Width, the higher the ef?ciency of thermal noise removal, but 
the smaller the transmitted light intensity. Hence, it is 
desirable to use a bandpass ?lter having an appropriate band 
Width in accordance With the sensitivity and S/N ratio of the 
detector. 

[0063] As another method of reducing ambient thermal 
noise and detecting infrared emission from a sample, a 
method of optically modulating infrared emission and 
detecting the phase by using a lock-in ampli?er is also 
effective. To optically modulate infrared emission, it is 
possible to use a method using an optical chopper, a tuning 
fork chopper a polygon mirror or a galvano-mirror or a 
method Which performs polariZation modulation by addi 
tionally using a polariZing element. To avoid distortion of 
signals and reduction of the light intensity, the use of an 
optical chopper or a tuning-fork chopper is desirable. The 
modulation frequency is desirably 1 HZ to 100kHZ, and 
more desirably 10 HZ to 10 kHZ. 

[0064] To read a barcode, infrared emission can also be 
subjected to AC coupling ampli?cation. When a sample 
having a barcode is conveyed at a rate at Which the basic 
Width of bars can be scanned in a time not eXceeding the 
reciprocal of the cutoff frequency of an AC coupling ampli 
?er (e.g., a time of 200 ms or less if the cutoff frequency is 
5 HZ), infrared emission can be ampli?ed Without being 
in?uenced by ambient thermal noise. If the intensity of a 
signal Whose phase is to be detected by a lock-in ampli?er 
is loW, a preampli?er is preferably installed before the 
lock-in ampli?er to amplify the signal intensity by 10 to 100 
times. 

[0065] When a barcode is read by spatial resolution 
equivalent to the basic Width of the barcode, the read time 
can be reduced by increasing the conveyance rate of a 
sample, but the apparatus function is superposed (convo 
luted) on the amplitude of a signal. If this is the case, it is 
desirable to use a ?lter as a function of the signal frequency 
on the signal to remove (deconvolute) the apparatus function 
and correct the amplitude and then binariZe the signal. 

[0066] As an infrared detector, a high-sensitivity detector 
having a sensitivity region meeting infrared emission from 
a barcode is used. When a barcode is formed by a polymer 
containing a cyano group, it is desirable to use a detector 
having an element made from MCT (Mercury Cadmium 
Tellurium), InSb (indium antimony), or PtSi (platinum sili 
cide), each of Which has high sensitivity near 4.5 pm. Any 
of these detectors is a quantum detector Which detects 
infrared emission as light, so the detector is cooled to a loW 
temperature to reduce thermal noise from the detecting 
element itself. The cooling means can be any of cooling 
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using liquid nitrogen, electronic cooling using a Peltier 
element, Stirling cooling using a compressor, a pulse-tube 
cooling, and J-T (Joule-Thomson) cooling using adiabatic 
expansion. To perform cryogenic cooling, the use of liquid 
nitrogen, Stirling cooling or a pulse-tube cooling is desir 
able. Note that a detector such as a bolometer Which detects 
infrared emission as heat requires no cooling and hence can 
be suitably:used provided that the system generates intense 
signals or the detector has high sensitivity. 

[0067] To distinguish betWeen a signal from a barcode and 
thermal noise, it is preferable to regard the signal level of the 
underlying substrate as the signal level of background and 
correct a measured detection signal on the basis of this signal 
level. It is also possible to correct a measured detection 
signal by regarding the average signal level in a broad range 
including both an information portion and a peripheral 
portion (substrate) as the signal level of background. In this 
method, hoWever, the background signal level is estimated 
to be higher than the actual level, so the contrast betWeen the 
information portion and the peripheral portion loWers When 
correction is performed. Therefore, it is desirable to obtain 
the signal level of only the peripheral portion. To this end, 
a signal from the peripheral portion can be detected in a 
different step from the step of detecting a signal from the 
barcode information portion. 

[0068] Also, the signal level of the peripheral portion is 
preferably electrically corrected by AC coupling ampli?ca 
tion as folloWs. That is, the detection position is so moved 
as to alternately reciprocate over an information portion and 
a peripheral portion of a barcode across the edge of the 
barcode in a time not exceeding the reciprocal of the cutoff 
frequency of an AC coupling ampli?er. The moving range is 
about 1 to ten-odd times the spot diameter from the edge of 
the barcode information portion. A signal change caused by 
this reciprocal motion can be separated, in accordance With 
the frequency, from a signal change resulting from convey 
ance of the barcode in the scan direction. Consequently, the 
detection position is preferably reciprocated at a rate 10 
times the conveyance rate or more. This method can remove 

even slight thermal noise by correction using the signal level 
of the peripheral portion. 

EXAMPLES 

[0069] Examples of the present invention Will be 
described beloW. 

Example 1 

[0070] An acrylonitrile (25%)-styrene (75%) copolymer 
(AS resin) Was used as the material of an invisible barcode. 
This resin Was pulveriZed to have an average siZe of 11 pm 
to prepare toner not containing pigments. This toner Was 
used as toner of a laser beam printer to form an invisible 
linear barcode on plain paper. The formed barcode corre 
sponds to an enlarged siZe With a basic Width of 3 mm 
obtained by enlarging a JAN code With a basic Width of 300 
pm printed on an existing article selected at random. 

[0071] FIG. 1 is a block diagram shoWing an invisible 
symbol reading apparatus used in this example. A sample 1 
on Which the invisible barcode is printed is held on a pulse 
stage 11. This pulse stage 11 moves in accordance With a 
signal from a stage controller 12. The sample 1 is heated by 
Warm air bloWn from a Warm air heater 13. This heating 
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excites molecular vibration of a cyano group in the invisible 
barcode, and infrared emission occurs near 4.5 pm accord 
ingly. 
[0072] This infrared emission is re?ected by an elliptic 
mirror 15 through an optical chopper 14 and detected by an 
MCT detector 17 through a bandpass infrared ?lter 16. The 
elliptic mirror 15 has a focal length of 100 mm and forms an 
image Without changing the magni?cation. The MCT detec 
tor 17 has a highest-sensitivity Wavelength of 4.5 pm, and its 
light-receiving surface is composed of square elements of 1 
mm side. This MCT detector 17 is electronically cooled by 
a Peltier element and used at —60° C. Abias poWer supply 
18 supplies poWer to the MCT detector 17. The MCT 
detector 17 converts a change in its electrical resistance 
caused by infrared light into a voltage and thereby generates 
a detection signal. 

[0073] A preampli?er 19 ampli?es the output from the 
MCT detector 17 by 100 times, and a lock-in ampli?er 20 
detects and ampli?es the in-phase signal. A digital sampling 
oscilloscope (not shoWn) triggered by an output from the 
optical chopper displays the Waveform of the detection 
signal. The detection signal is input to an A/D conversion 
board of a personal computer 21 and subjected to data 
processing (to be described later). Adecoder 23 decodes the 
processed signal. 
[0074] The operation Was actually performed as folloWs. 
The sample 1 Was held on the pulse stage 11 by a plate-like 
magnet and so adjusted that the invisible symbol region on 
the sample Was positioned at the focal point of the optical 
system. The Warm air heater 13 Was so installed as to bloW 
Warm air against the sample 1. The position of bloW of Warm 
air Was set upstream of the focal point (the position moved 
closer to the focal point When the stage moved), and a signal 
Was detected. As a consequence, the signal intensity 
increased When the signal Was measured by heating a 
position about 3 mm from the detection position by bloWing 
Warm air. Infrared emission at the focal point Was detected 
While the pulse stage 11 Was moved at a ?xed rate by the 
signal from the stage controller 12. The movement of the 
pulse stage 11 Was monitored by an optical sensor and 
measured by taking margins before and after the invisible 
barcode. Data of the detection signal Was input as a ?le to 
the personal computer 21. 
[0075] FIG. 2 shoWs a detection signal When the sample 
Was heated to 70° C. In this detection signal, peaks and 
valleys are formed in accordance With bars and spaces, and 
the Widths of the peaks (valleys) change in accordance With 
the Widths of the bars (spaces). HoWever, ambient thermal 
noise is superposed on the detection signal, so the signal 
Waves as a Whole. This makes it impossible to apply the 
method Which sets an appropriate threshold value, regards 
portions larger and smaller than this threshold value as bars 
and spaces, respectively, and determine intersections to the 
threshold value as the start and end positions of each bar. 

[0076] Hence, the measured data Was processed as fol 
loWs. First, the data Was smoothed by using the moving 
average method to remove high-frequency noise. This high 
frequency noise Was removed When the rating of smoothing 
Was 41 or more, for example, as a basic Width corresponds 
With about 100. Next, the detection signal Was differentiated 
for binariZation. To remove the in?uence of thermal noise, 
the slopes at surrounding points Were smoothed to calculate 
a differential coef?cient y‘. 
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[0077] FIG. 3 is an enlarged vieW showing a partial 
change in the differential coefficient y‘ (ordinate) corre 
sponding to the position (distance on the abscissa) on the 
sample. As shoWn in FIG. 3, tWo adequate threshold values 
Were set for y‘. An extreme value (maximum value) of y‘ in 
a region exceeding the upper threshold value and an extreme 
value (minimum value) of y‘ in a region smaller than the 
loWer threshold value are candidates of the start and end 
positions of a bar (space). Peaks betWeen the tWo threshold 
values Were removed by regarding them as noise. Note that 
changing the threshold values by a magnitude of 5% or less 
of the amplitude (difference betWeen the maximum and 
minimum values) had no in?uence on the results. 

[0078] Bars and spaces alternately appear in an actual 
barcode, so the peaks of y‘ are also supposed to alternately 
appear above and beloW the threshold values. HoWever, tWo 
peaks (peaks in ranges B and C in FIG. 3) can appear in a 
region smaller than the loWer threshold value oWing to the 
in?uence of thermal noise. If this is the case, real peaks are 
determined folloWing a procedure beloW. First, a minimum 
value of y‘ appearing for the ?rst time in a region smaller 
than the loWer threshold value is regarded as a provisional 
minimum peak. As in a range A, if y‘ does not decrease after 
the provisional minimum peak and a maximum peak appears 
in a region exceeding the upper threshold value, the provi 
sional minimum peak is considered to be a real minimum 
peak. On the other hand, as in the ranges B and C, if y‘ again 
decreases after the provisional minimum peak and before 
exceeding the upper threshold value and a minimum peak 
appears in the region smaller than the loWer threshold value, 
these tWo minimum values in the ranges B and C are 
compared, and a smaller one is considered to be a real 
minimum peak. A real maximum peak is determined fol 
loWing the same procedure. Addresses of the leading 
and trailing edges of a binary function corresponding to a 
peak value y‘(i) thus determined are the start and end 
positions of an actually measured bar. FIG. 4 collectively 
shoWs data of the differential coef?cient y‘ and a binary 
function Which rises and falls in the start and end positions, 
respectively, of a bar. 

[0079] The Width of a bar or a space is supposed to be 
obtained When the difference betWeen tWo continuous 
addresses x(i+1) and is calculated. HoWever, in this 
calculation the Width of a bar or a space tended to be smaller 
than an integral multiple of the basic Width under the 
in?uence of smoothing. In contrast, the total Width of an 
adjacent bar and space Was an integral multiple of the sum 
of the basic Widths of the tWo. A detailed calculation 
procedure is as folloWs. 

[0080] The difference betWeen start addresses (or end 
addresses) x(i+2) and of adjacent bars is calculated as a 
Width This corresponds to the total Width of an 
adjacent bar and space. A plurality of X(i)’s are sorted and 
arranged in ascending order. A half value of the average of 
tWo smallest X’s is calculated as an initial value of a basic 
Width W. A value 2.5 times this W is used as a threshold 
value, and X’s assumed to have a Width W2 Which is tWice 
the basic Width are selected from X’s equal to or smaller 
than the threshold value The average value of these X’s is 
calculated as neW W. This neW W and the initial value are 
compared, and the process is repeated until the tWo values 
are equal. W ?nally obtained by this operation is regarded as 
a second initial value of W. Avalue 3.5 times this second W 
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is used as a threshold value, and X’s assumed to have a 
Width W3 Which is three times the basic Width are selected 
from X’s equal to or smaller than the threshold value. The 
average value of these X’s is calculated as neW W. This neW 
W and the second initial value are compared, and the process 
is repeated until the tWo values are equal. W ?nally obtained 
by this operation is regarded as a third initial value of W. In 
the same manner as above, a threshold value is calculated by 
using W ?nally obtained in the immediately preceding 
calculation as a neW initial value. Similar calculations are 

repeatedly performed for W4 and W5 to obtain W as a ?fth 
initial value. The value of each is divided by the ?fth 
initial value W and rounded to obtain an integer. W is again 
calculated on the basis of X’s from X assumed to have the 
Width W2 to X assumed to have the Width. W5. This neW W 
and the ?fth initial value are compared, and the process is 
repeated until the tWo values are equal. In this manner a ?nal 
basic Width W is obtained. 

[0081] The positions of bars and spaces are determined in 
units of the obtained basic Width W. To align the start 
position of the barcode While correcting any offset caused by 
noise, let the entire offset be d and the corrected value of W 
be 00. While 00 is changed in units of 0.001 W from 0.99 W 
to 1.01 W and d is changed in units of 0.01 (n from —0.5 u) 
to 0.5 u) for certain 00, summation of) of differences 6 
betWeen a (bar start or end address) and an (integral multiple 
of (n) is calculated as per 

[0082] 26 for different combinations of u) and d are 
compared, and a combination of u) and d by which 26 is a 
minimum is determined. 

[0083] The bar start or end address is corrected by the 
offset d and represented by an integral multiple y(i) of u) (an 
integer is obtained by rounding). A bar or space Width Y(i) 
is calculated from the difference betWeen the integral 
addresses y(i). FIG. 5 shoWs data obtained by optimiZing 
the ?nal bar or space Width thus obtained and a binary 
function. This optimiZed data Was decoded by the decoder 
23. Consequently, the decoded data matched the result of 
decoding of enlarged data of the original data printed on the 
existing article. 

Example 2 

[0084] Toner made from the same AS resin as used in 
Example 1 Was used as toner of a laser beam printer to form 
an invisible barcode on plain paper. The formed barcode 
corresponds to a standard-siZe barcode With a basic Width of 
300 pm printed on an existing article selected at random. 

[0085] FIG. 6 is a block diagram shoWing an invisible 
symbol reading apparatus used in this example. A holder 32 
having a built-in bar heater 31 holds a sample 1 on Which the 
invisible barcode is printed on a pulse stage 11. A signal 
from a built-in thermocouple (not shoWn) of the holder 32 is 
input to a temperature controller 33 to adjust the current to 












