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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to an image for-
mation apparatus for forming a stereoscopic image by
using a thermal head.

Description of the Related Art

[0002] In the field of forming Braille and tactile graphics
for visually impaired persons, a Braille printer which me-
chanically prints out projections on paper is used. How-
ever, a drawing for tactile graphics represents straight
lines and curved lines by the continuation of dots, and
hence cannot draw intended straight lines and curved
lines. Also, since the printer is mechanical, the apparatus
size is large, and the operation noise is large. In addition,
the printer is not widely used for the purpose of personal
use because it is expensive.
[0003] Japanese Patent No. 3775613 has disclosed a
method of forming a three-dimensional image by using
a thermal printer and a printing sheet made of a ther-
moexpandable or thermoshrinkable material. In this
method, a grayscale or color two-dimensional image is
printed on the printing sheet by the thermal head by using
a printing ribbon. Then, a cover ribbon is interposed be-
tween the thermal head and the printed printing sheet
made of a thermoexpandable or thermoshrinkable ma-
terial, and projections and recesses are formed on the
grayscale or color image by heating the image from
above the cover ribbon. More specifically, projections
and recesses are formed in arbitrary portions of the gray-
scale or color image by performing the heating process
again in conventional thermally printed portions by using
the thermal head.
[0004] Japanese Patent Laid-Open No. 7-125266 has
disclosed a thermal printing apparatus which contacts a
thermal head with the lower surface of a thermally foam-
able printing medium, and applies the heat of the thermal
head, thereby easily forming projections on the printing
medium. This thermal printing apparatus has a structure
which does not interfere with the expansion of the printing
medium by using a platen having recessed grooves or
linear grooves when pushing the printing medium against
the thermal head.
[0005] Also, a stereoscopic copying system which us-
es capsule paper coated with a thermally foamable ma-
terial as a printing medium. In this system, portions to be
made stereoscopic are printed by black toner by a cop-
ying machine, and the surface of the capsule paper is
irradiated with high heat by a stereoscopic formation ma-
chine as another apparatus by using halogen light or the
like. Since the heat is particularly concentrated to the
black toner portions, these black portions are foamed,
and a stereoscopic image is formed.

[0006] Unfortunately, the abovementioned related arts
pose the following problems. For example, in the ar-
rangement of Japanese Patent Laid-Open No. 7-125266,
the shape of the recess or line restricts a portion where
a projection is to be formed by expansion. Therefore, a
stereoscopic shape having a fixed interval such as Braille
can be formed, but it is impossible to draw a given con-
tinuous straight line or curved line such as a horizontal
line, oblique line, or curve. In addition, the abovemen-
tioned copying system has the advantage that the system
can easily form a plurality of copies of the same stereo-
scopic image, but the apparatus is large and expensive.
Also, since heat is applied to the entire surface of the
printing medium, a foaming phenomenon may occur in
not a few portions other than foaming portions, and this
makes minute images difficult to form. Furthermore, the
surfacemost layer of a foaming portion receives highest
heat, the surfacemost portion of foaming easily becomes
fragile and is easily scraped off.
[0007] As described above, practical apparatuses for
forming Braille and tactile graphics stereoscopic materi-
als for visually impaired persons are classified into the
mechanical Braille printer and the combination of the cop-
ying machine and stereoscopic formation machine using
capsule paper, but any of these apparatuses is large and
expensive. Therefore, these apparatuses are used in the
formation of materials in enterprises, parties, Braille
translation volunteer groups, and schools, but are not
widely owned and used by individuals. Also, the figure
drawing function of the mechanical Braille printer draws
a stereoscopic figure by the continuation of dots, and the
dot size is fixed. This imposes restrictions on the expres-
sion of stereoscopic images. In addition, when the ster-
eoscopic copying machines form a stereoscopic image,
minute drawing of a thin line or the like is limited. On the
other hand, visually impaired people are beginning to
more and more use personal computers, and are de-
manding an image formation apparatus capable of easily
forming Braille and arbitrary solid figures at home. This
invention provides a stereoscopic image formation ther-
mal printer apparatus using a thermal head, which can
be used by visually impaired persons themselves.
[0008] Further background art is provided in US 5 636
927 A, which discloses a method of printing on a print
face of a linerless media with the printing face of a print-
head without a platen member opposite the printing face.
The method comprises the steps of: guiding the print face
of the media to a point close adjacent and slightly above
the printing face; routing the print face across the printing
face; pulling the media across the printing face from a
point slightly above the printing face; and creating a drag
force on the media to hold the print face against the print-
ing face during printing. US 5 636 927 discloses an image
formation apparatus suitable for forming a stereoscopic
image by applying heat to a printing medium having an
upper surface evenly coated with foaming capsules
which foam when heated, the apparatus comprising: a
plurality of conveyance rollers configured to feed the
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printing medium into the apparatus and to convey the
printing medium; a conveyance guide that is formed into
a convex shape, and is configured to regulate a position
of the conveyed printing medium; a thermal head that is
installed such that a distal end portion contacts with a
printing medium conveyed by the plurality of conveyance
rollers; and a tension unit that is positioned on an up-
stream side of the image formation position in a convey-
ing direction of a printing medium, and is configured to
push the conveyed printing medium toward the distal end
portion of the thermal head by giving tension to the print-
ing medium.

SUMMARY OF THE INVENTION

[0009] The present invention provides a small-sized,
low-noise, and inexpensive image formation apparatus
capable of forming a stereoscopic image of an arbitrary
continuous straight line or curved line by using a thermal
head.
[0010] The present invention is an image formation ap-
paratus as defined in Claim 1 of the appended claims.
Details of certain embodiments are specified in the de-
pendent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

Fig. 1 is a view showing an arrangement example of
an image formation apparatus according to an em-
bodiment;
Fig. 2 is a view showing an arrangement example of
an image formation apparatus according to another
embodiment;
Fig. 3 is a view showing the structure of a convey-
ance roller according to the embodiment;
Fig. 4 is a view for explaining the details of a thermal
head assembly and printing medium according to
the embodiment;
Fig. 5 is a view showing a control configuration ex-
ample of the image formation apparatus according
to the embodiment;
Fig. 6 is a view for explaining image inversion ac-
cording to the embodiment;
Fig. 7 is a view showing the correlation between the
heater block temperature and the height of foaming
according to the embodiment;
Fig. 8 is a view showing the correlation between the
line width of a stereoscopic image and the height of
foaming according to the embodiment;
Fig. 9 is a view showing the correlation between the
application heat conditions of a 44-dot-line-width im-
age and the height of foaming according to the em-
bodiment; and
Fig. 10 is a flowchart showing the procedure of image
formation according to the embodiment.

DESCRIPTION OF THE EMBODIMENTS

[0012] Embodiments of the present invention will be
explained in detail below with reference to the accompa-
nying drawings. Note that the following embodiments do
not limit the present invention according to the scope of
claims, and not all combinations of features explained in
the embodiments are essential to the means of solution
of the present invention.

<First Embodiment>

<Arrangement of Image Formation Apparatus>

[0013] The first embodiment of the present invention
will be explained below. First, an arrangement example
of an image formation apparatus according to this em-
bodiment will be explained with reference to Fig. 1. In
this embodiment, an image formation apparatus applica-
ble to the present invention will be explained by taking a
thermal printer for forming a stereoscopic image as an
example.
[0014] A thermal printer 100 mainly includes a thermal
head assembly 11, a feed roller 20, a tension roller 21,
a conveyance roller 22, a discharge roller 23, driving mo-
tors 24 and 25, a printing medium cassette 31, a dis-
charge tray 32, and a conveyance guide 40. The thermal
head assembly 11 applies heat to a foaming layer of a
conveyed printing medium from the lower surface of the
medium, thereby forming a stereoscopic image such as
an arbitrary straight line or curved line on the printing
medium. The thermal head assembly 11 includes a heat-
er block 11a for heat radiation, a temperature sensor 11b,
and a thermal head distal end portion 11c.
[0015] The feed roller 20 is a roller for feeding printing
media one by one into the apparatus from the printing
medium cassette 31. The tension roller (tension unit) 21
is a roller for conveying a printing medium to the convey-
ance roller 22, and applying tension to the printing me-
dium after that. Details of the operation of the tension
roller 21 when applying tension will be described later.
The conveyance roller 22 is a roller for conveying the
printing medium at a constant velocity when printing is
performed. The discharge roller 23 is a roller for discharg-
ing the conveyed printing medium outside. The driving
motor 24 is a motor for giving torque to the feed roller 20
and tension roller 21. The driving motor 25 is a motor for
giving torque to the conveyance roller 22 and discharge
roller 23.
[0016] A printing medium 30 is a double-layered print-
ing medium having a surface coated with foaming cap-
sules. The printing medium cassette 31 is a cassette for
stacking a plurality of printing media. The discharge tray
32 is a tray for stacking discharged printing media 30 on
which stereoscopic images are formed. The conveyance
guide (conveyance path) 40 is a guide arranged in a por-
tion between rollers where the printing medium 30 pass-
es, and regulates the position of the conveyed printing
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medium 30.
[0017] In the position where the thermal head assem-
bly 11 is installed, the thermal printer 100 according to
this embodiment does not have a platen roller which is
used in an ordinary thermal printer or the like. The platen
roller is a roller for pushing the conveyed printing medium
30 toward the thermal head assembly 11 from above. As
explained in the abovementioned related art, this platen
roller has recesses or lines in order to form the space of
foaming which occurs when heat is applied to the printing
medium 30, but this space limits the expansion of a
foamed portion. Accordingly, the arrangement of this em-
bodiment has no platen roller in order to form a stereo-
scopic image such as an arbitrary straight line or curved
line without any restrictions as described above. Since
no platen roller pushes the printing medium 30, therefore,
the thermal printer 100 according to this embodiment re-
quires an alternative arrangement for pushing the printing
medium 30 against the thermal head assembly 11. In this
embodiment, therefore, the conveyance guide 40 as a
conveyance path is formed into a convex shape, and the
conveyance roller 22 and tension roller 21 are arranged
below the thermal head distal end portion 11c. Further-
more, the tension roller 21 gives tension to the printing
medium 30, thereby pushing the printing medium 30
against the thermal head assembly 11. More specifically,
the conveyance guide 40 is formed into a convex shape,
and the apex of the projection functions as an image for-
mation position. Consequently, a printing medium con-
veyed to the image formation position is also curved into
a convex shape, and conveyed such that the lower sur-
face of an image formation portion is pushed against the
thermal head distal end portion 11c. That is, the arrange-
ment as described above implements an arrangement
which facilitates conducting heat from the thermal head
assembly 11 to a printing medium without requiring any
platen roller such as a conventional one.

<Stereoscopic Image Forming Operation>

[0018] The operation of stereoscopic image formation
according to this embodiment will now be explained.
Each printing medium 30 is fed into the apparatus from
the printing medium cassette 31 by the feed roller 20 and
tension roller driven by the driving motor 24. The printing
medium 30 is passed through the thermal head distal
end portion 11c and conveyed to the conveyance roller
22. Furthermore, the printing medium 30 is conveyed to
the start position of a stereoscopic image to be formed.
In synchronism with the timing at which the printing me-
dium 30 is conveyed to the image formation position, a
preparation operation of applying thermal energy for
forming the stereoscopic image is executed, thereby
starting heating the printing medium 30.
[0019] Assume that micro heating elements are ar-
ranged in the thermal head assembly 11 according to
this embodiment such that the number of elements is 300
dots per inch. When the printing medium 30 coated with

foaming capsules to which thermal energy must be ap-
plied for a time of about 50 msec per dot is used in this
arrangement, the printing medium 30 is desirably con-
veyed at a constant velocity of 1.7 mm/sec or less during
the application of the thermal energy because the size
of one dot is about 0.085 mm.
[0020] In this state, the tension roller 21 so functions
as to give a constant running load to the printing medium
30 and gives tension to the printing medium 30, so that
the thermal head distal end portion 11c comes in tight
contact with the lower surface of the printing medium in
order to conduct the thermal energy from the lower sur-
face of the printing medium to a foaming layer on the
upper surface of the printing medium. More specifically,
the tension roller 21 gives a weak torque in a direction
opposite to the conveying direction of the printing medi-
um 30, thereby giving a force of pulling the printing me-
dium 30 in the direction opposite to the printing medium
conveying direction. Note that the present invention is
not limited to this control. For example, it is also possible
to give tension to the printing medium 30 by a mechanical
structure which gives a slight load with respect to the
pulling of the printing medium 30 when the roller stops.
As an example, the load can be applied in the conveying
direction by a frictional force generated when the tension
roller 21 contacts with the printing medium 30. Further-
more, the present invention is not limited to the arrange-
ment having the printing medium conveying function
such as the tension roller 21, and it is also possible to
use a simple tension unit for giving tension to the printing
medium. In this case, it is necessary to use an additional
conveyance roller for conveying the printing medium 30
to the image formation apparatus.
[0021] When the conveyance roller 22 conveys the
printing medium 30 at a constant velocity and the tension
roller 21 so functions as to give the running load to the
printing medium 30 at the same time, a state in which
the printing medium 30 is tensed is generated, and the
lower surface of the printing medium is conveyed in tight
contact with the thermal head distal end portion 11c, be-
cause the conveyance roller 22 and tension roller 21 are
arranged below the thermal head distal end portion 11c.
As described above, this arrangement obviates the need
for a platen roller for tight contact and conveyance of the
printing medium 30, which is an indispensable structure
of the conventional thermal printers, and can form a solid
body having an arbitrary shape without interfering with
the foaming phenomenon on the upper surface of the
printing medium 30.

(Conveyance roller>

[0022] Next, a structure example of the conveyance
roller 22 will be explained with reference to Fig. 3. Note
that the discharge roller 23 has the same structure as
that of the conveyance roller 22 to be explained below,
so an explanation thereof will be omitted.
[0023] The conveyance roller 22 is positioned before
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the thermal head in the sub-scanning direction, that is,
positioned on the downstream side of the thermal head
assembly 11 in the conveying direction of the printing
medium 30, and conveys the printing medium 30 at a
constant velocity. That is, the conveyance roller 22 must
convey the printing medium 30 on which a stereoscopic
image is already formed. Therefore, the conveyance roll-
er 22 according to this embodiment includes a main body
22a and grip portions 22b.
[0024] The main body 22a of a roller portion facing a
stereoscopic image formable area has a diameter small-
er by about 0.5 mm or more than that of the grip portions
22b which contact with the printing medium 30 so as not
to crush foamed stereoscopic portions. Accordingly, the
printing medium 30 is conveyed by the grip portions 22b
at the two end portions of the conveyance roller. This
prevents the conveyance roller 22 from crushing foamed
portions heated through the thermal head. Note that in-
stead of decreasing the diameter of the main body 22a
of the roller portion facing the stereoscopic image form-
able area described above, the surface of the main body
22a can be formed by a soft sponge-like material. When
using this sponge-like material, the area contacting the
printing medium 30 increases, so the force of conveying
the printing medium 30 increases.

<Printing Medium and Foaming Control>

[0025] The printing medium having the foaming layer
according to this embodiment and foaming control of the
medium will be explained below with reference to Fig. 4.
Fig. 4 shows the thermal head assembly 11 and its vicinity
shown in Fig. 1 in an enlarged scale, and shows the way
a stereoscopic image is formed by foaming.
[0026] The printing medium 30 has a thickness of
about 0.2 mm, and has a double-layered structure includ-
ing a lower base layer 30b and a foaming layer 30a
formed on the base layer 30b by coating. The foaming
layer 30a is coated with foaming capsules which foam
when heated. The thickness of the base layer 30b is gen-
erally about 0.1 mm. The printing medium 30 is conveyed
in contact with the thermal head at an appropriate dip
angle between them, so that the lower surface of the
printing medium 30 runs in tight contact with the micro
heating elements of the thermal head distal end portion
11c. Consequently, the resultant force of the pulling force
of the conveyance roller 22 and the running load of the
tension roller 21 functions as a force of bringing the print-
ing medium lower surface into tight contact with the micro
heating elements of the thermal head distal end portion
11c.
[0027] The thermal printer 100 according to this em-
bodiment having the above arrangement can perform
heating through the paper base layer 30b on the lower
surface of the printing medium 30, and form a stereo-
scopic image by foaming of the foaming capsules on the
printing medium upper surface. Since no member which
interferes with the formation of the stereoscopic image

by foaming is arranged on the printing medium upper
surface, it is possible to draw an arbitrary straight line or
curved line and an arbitrary area as a solid body. Also,
an expected foaming height can be obtained by control-
ling the heating temperature and heating time in accord-
ance with the foaming start temperature of the foaming
capsules formed by coating.

<Control Configuration>

[0028] A control configuration example of the thermal
printer 100 according to this embodiment will be ex-
plained below with reference to Fig. 5. The thermal printer
100 includes a system controller 50 as the control con-
figuration. The system controller 50 includes a CPU 51,
a data input/output unit 53, a memory unit 54, a thermal
head control unit 55, a display control unit 56, a motor
control unit 57, and a sensor control unit 58. These com-
ponents are connected by bus signal lines 60 and can
exchange data with each other.
[0029] The CPU 51 comprehensively controls the
whole apparatus as a central processing device. The
CPU 51 is connected by the bus signal lines 60 to control
units having respective control functions, for example,
the data input/output unit 53, memory unit 54, thermal
head control unit 55, display control unit 56, motor control
unit 57, and sensor control unit 58, and controls these
control units to perform control operations on individual
devices connected to the control units. The data in-
put/output unit 53 is an input interface 52 such as Wi-Fi,
Bluetooth®, and USB, and controls data communication
with them. The memory unit 54 includes a ROM, EEP-
ROM, and RAM, and stores control programs and various
kinds of information of the thermal printer 100. The mem-
ory unit 54 also provides a work memory. The thermal
head control unit 55 controls the temperature in accord-
ance with image formation data of an image to be formed
by the thermal head assembly 11, and receives the meas-
ured temperature from the temperature sensor 11b. The
display control unit 56 is connected to a display operation
panel 61, and controls a display image on the display
operation panel 61. In addition, the display control unit
56 accepts user input performed via the display image.
The motor control unit 57 is connected to the driving mo-
tors 24 and 25, and controls the rotations of rollers. The
sensor control unit 58 controls input/output with respect
to sensors such as a sheet position sensor and image
formation start position sensor, switches such as an in-
terlock switch and reset switch, and ports indicated by
reference numeral 62.

<Control Procedure>

[0030] A control procedure performed when the ther-
mal printer 100 according to this embodiment forms a
stereoscopic image will be explained below with refer-
ence to Fig. 10. Note that processing to be explained
below is implemented by, for example, the CPU 51 by
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reading out the control programs stored in the ROM and
EEPROM of the memory unit 54 to the RAM, and exe-
cuting the readout programs.
[0031] In step S1001, the CPU 51 controls the data
input/output unit 53 to acquire image formation data of a
stereoscopic image via the input interface 52 such as Wi-
Fi, Bluetooth, or USB. The CPU 51 stores the acquired
image formation data in the RAM as a programmable
memory of the memory unit 54. Note that if the transmit-
ted image formation data is character format data such
as a text, it is desirable to convert the data into image
format data and use the converted data.
[0032] Then, in step S1002, the CPU 51 initializes var-
ious parameters. For example, the image formation data
is processed line by line in the main scanning direction
in this image formation, so the CPU 51 initializes a vari-
able indicating a processing target line. Subsequently, in
step S1003, the CPU 51 controls the motor control unit
57 to start driving the driving motors 24 and 25, thereby
pulling out the printing media 30 one by one from the
printing medium cassette 31, and conveying the printing
medium 30 fed into the apparatus to the image formation
start position.
[0033] After that, in step S1004, the CPU 51 controls
the thermal head control unit 55 to start an operation of
heating predetermined portions of the thermal head in
accordance with the image to be formed, in synchronism
with the arrival of the printing medium 30 at the image
formation start position. In this step, the thermal head
control unit 55 processes the image formation data stored
in the RAM of the memory unit 54 line by line in the main
scanning direction of the thermal head, in accordance
with a variable i indicating the abovementioned process-
ing target line. Also, the thermal head control unit 55 cal-
culates a heating time corresponding to the pixel line
widths, line intervals, solid portion areas, and the like in
the image formation data to be formed, and heats thermal
head portions corresponding to the individual pixels of
the image. In addition, the thermal head control unit 55
controls heating by correcting the heating time in accord-
ance with the heater block heat storage status (sensing
result) sensed by the temperature sensor 11b attached
to the thermal head. This makes it possible to suitably
perform heating control, and shorten the output time.
[0034] In this state, the image data must be an inverted
image as shown in Fig. 6 in order to form a solid body on
the upper surface of the printing medium by heating from
the lower surface thereof. In this example shown in Fig.
6, an image formable range in the main scanning direc-
tion of the thermal head extends from the first dot to the
2,100th dot. In this case, if an image of a character "P"
is to be formed as a solid body from the first dot on the
first line as a start point, the whole image on the first line
is horizontally inverted, and the start point of the character
"P" is processed as the 2,100th dot on the first line.
[0035] Then, in step S1005, the CPU 51 controls the
motor control unit 57 to control the driving of the driving
motors 24 and 25, thereby controlling the conveyance of

the printing medium 30. More specifically, the CPU 51
performs control so as to give tension to the printing me-
dium 30 while the thermal head assembly 11 is applying
heat to predetermined portions of the printing medium
30 conveyed to the image formation position in step
S1003. As described earlier, to give tension to the printing
medium 30, the motor control unit 57 controls the driving
motor 24 to give a relatively weak torque to the tension
roller 21 so as to pull the printing medium 30 in the di-
rection opposite to the conveying direction of the printing
medium 30. After the thermal head assembly 11 applies
heat during the time required to form a stereoscopic im-
age corresponding to the image formation data on one
line in the main scanning direction, the motor control unit
57 controls the driving motors 24 and 25 to convey the
printing medium 30 by one line. Thus, the printing medi-
um 30 is conveyed line by line in the sub-scanning direc-
tion of the thermal head, and that portion of the thermal
head which corresponds to the part of the image is heated
for each line, thereby forming a stereoscopic image by
the applied heat.
[0036] In step S1006, the CPU 51 determines whether
image formation in the sub-scanning direction is com-
plete. If image formation is complete, the CPU 51 termi-
nates the process. If not, the process advances to step
S1007, and the CPU 51 sets the next line as a processing
target line (a variable i++), and returns the process to
step S1004.

<Foaming Height>

[0037] The status of foaming resulting from heating
control according to this embodiment will be explained
below with reference to Figs. 7, 8, and 9. Fig. 7 is a cor-
relation diagram of the heater block temperature and the
height of foaming, Fig. 8 is a correlation diagram of the
line width of a stereoscopic image and the height of foam-
ing, and Fig. 9 is a correlation diagram of the application
heat conditions of a 44-dot-line-width image and the
height of foaming. The explanation will be made based
on the following conditions. That is, the printing medium
thickness is 0.2 mm, the foaming capsule layer is 0.1
mm, the foaming start temperature is about 140°C, the
specifications of the thermal head are 300 DPI and 24
V, the heating element resistance value is about 2 KΩ,
and the printing medium conveying velocity is 1 mm/sec.
Based on the conditions, thermal energy application con-
trol for forming a stereoscopic image according to this
embodiment will be explained.
[0038] Fig. 7 is the correlation diagram of the heater
block temperature and the height of foaming. The abscis-
sa indicates the heater block temperature, and the ordi-
nate indicates the foaming height. This example of Fig.
7 shows the status (temperature rise) of heat storage in
the heater block of the thermal head and the change in
foaming height, for each temperature/time condition of
application thermal energy, when forming a stereoscopic
image of a 44-dot-line-width straight line. Fig. 7 demon-
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strates that heat storage in the heater block progresses
with the elapse of the printing process time, and the foam-
ing height increases in accordance with this temperature
rise, regardless of the application thermal energy condi-
tions.
[0039] Fig. 8 is the correlation diagram of the line width
of a stereoscopic image and the height of foaming. The
abscissa indicates the heater block temperature, and the
ordinate indicates the foaming height. Like Fig. 7, Fig. 8
reveals that the foaming height increases based on the
heat storage state of the heater block, and the foaming
height changes in accordance with the line width of a
stereoscopic image if the application thermal energy is
constant. Fig. 8 shows a case in which the application
thermal energy conditions are fixed to 200°C and 70
msec, and straight lines having different line widths (44
px, 24 px, and 14 px) are formed as solid bodies. How-
ever, the foaming height of a thick straight line having a
line width of 44 pixels (pixel, px) is larger than the foaming
heights of straight lines having other line widths. This is
so because as the number of adjacent micro heating el-
ements to be driven in the thermal head increases, the
thermal energy is conducted to the foaming capsules
contained in the foaming layer 30a of the printing medium
30 more easily. On the other hand, when the number of
adjacent micro heating elements to be driven in the ther-
mal head is small, the application thermal energy easily
escapes to the heater block side, so heat storage in the
heater block progresses, but the thermal energy required
for foaming is not conducted to the foaming capsules.
That is, Fig. 8 shows that in order to hold the foaming
height constant, the amount of necessary heating energy
changes in accordance with the line width of a stereo-
scopic image.
[0040] Fig. 9 is the correlation diagram of the applica-
tion thermal energy conditions of a 44-dot-line-width im-
age and the height of foaming. The abscissa indicates
the heater block temperature, and the ordinate indicates
the foaming height. Fig. 9 shows that the foaming height
changes in accordance with the heat storage state of the
heater block, for the individual application thermal energy
conditions (the temperature and time). As an example,
a range within which the foaming height is 0.35 mm, that
is, a quadrilateral portion in Fig. 9 will be explained. This
portion reveals that the application thermal energy con-
ditions for obtaining a foaming height of 0.35 mm change
in accordance with the status of the heat storage tem-
perature of the heater block.
[0041] As has been explained above, the thermal print-
er 100 according to this embodiment forms a stereoscop-
ic image by applying heat to the printing medium 30 hav-
ing the surface evenly coated with the foaming capsules
which foam when heated. More specifically, the thermal
printer 100 includes the feed roller 20, tension roller 21,
conveyance roller 22, and discharge roller 23 for feeding
the printing medium 30 into the apparatus and conveying
the printing medium 30, the conveyance guide 40 which
is formed into a convex shape whose apex is the image

formation position where heat is applied to the printing
medium 30, and regulates the position of the conveyed
printing medium 30, the thermal head assembly 11 which
is installed such that the thermal head distal end portion
11c contacts with the printing medium 30 conveyed by
the conveyance roller 22 from below the image formation
position, and forms a stereoscopic image by applying
heat to the printing medium 30, and the tension roller 21
which is installed on the upstream side of the image for-
mation position in the conveying direction of the printing
medium 30, and pushes the conveyed printing medium
30 toward the thermal head distal end portion 11c by
giving tension to the printing medium 30. In this arrange-
ment, the thermal printer 100 applies thermal energy from
the lower surface of the printing medium 30 coated with
the foaming capsules, thereby forming a continuous
straight line or curved line or an arbitrary area as a solid
body. More specifically, the thermal printer 100 controls
the thermal energy for stereoscopic image formation by
using information such as the line width and continuity
of a stereoscopic image to be formed, the line widths of
nearby stereoscopic images, and the distance between
the nearby images. In addition, the thermal printer 11
measures the heat storage state of the thermal head by
the temperature sensor 11b, and corrects and controls
the above-described application thermal energy by using
the measured value. This makes it possible to form a
stereoscopic image by foaming having an intended
height.
[0042] Also, this embodiment uses the thermal head
technique used in an ordinary thermal head printer. Ac-
cordingly, the main constituent elements of the apparatus
are the thermal head for applying the thermal energy, the
conveyance roller mechanisms for conveying the printing
medium 30, the setting unit and discharge unit for the
printing medium 30, and the control units for controlling
the thermal head and rollers. Consequently, a small-
sized, low-noise, and inexpensive apparatus can be pro-
vided.
[0043] Furthermore, the thermal printer 100 is a mech-
anism which does not include any platen roller, and caus-
es the conveyance roller mechanisms (the tension roller
21 and conveyance roller 22) arranged before and after
the thermal head to convey the printing medium 30 in
tight contact with the thermal head. Since, therefore, the
conventional thermal printer platen mechanism which in-
terferes with the formation of a stereoscopic image by
foaming is not used, it is possible to form a dot, a straight
line, a curved line, and an arbitrary area as solid bodies.
[0044] Also, in the system which conducts the thermal
energy to the foaming capsules through the paper thick-
ness from the lower surface of the printing medium 30,
heating must be continued for 50 to 80 msec per dot for
the printing medium 30 having a paper thickness of, for
example, 0.2 mm, so the thermal head itself stores heat.
In this embodiment, therefore, this heat storage state is
measured by the temperature sensor 11b attached to the
thermal head and used in control. More specifically, the
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thermal printer 100 uses, as control elements, the meas-
ured value of the heat storage state, and image-related
information such as the line width and continuity of a ster-
eoscopic image to be formed, the line widths of nearby
stereoscopic images, and the distance between the im-
ages, and performs control such that the formed stereo-
scopic image has the intended height. In addition, if the
heat storage state of the thermal head increases, control
is so performed as to reduce the thermal energy gener-
ated by the micro heating elements of the thermal head.
This makes it possible to prevent destruction caused by
extreme heat storage by the thermal head, and reduce
the power consumption.

<Second Embodiment>

[0045] The second embodiment of the present inven-
tion will be explained below with reference to Fig. 2. Fig.
2 shows an arrangement example of a thermal printer
200 according to this embodiment. In the second embod-
iment, a component and control different from the first
embodiment will be explained. Note that the same refer-
ence numerals as in the first embodiment denote the
same components, and an explanation thereof will be
omitted.
[0046] As shown in Fig. 2, the thermal printer 200 ac-
cording to this embodiment includes a soft sponge-like
support roller 26. The support roller 26 is placed in the
same position as that of a platen roller used in a conven-
tional thermal printer, that is, in a position facing a thermal
head assembly 11.
[0047] An operation of forming a stereoscopic image
by the thermal printer 200 according to this embodiment
will be explained. Control different from the abovemen-
tioned first embodiment is the control of a tension roller
21. After a thermal energy applying operation is started,
a thermal head distal end portion 11c must always be in
tight contact with the printing medium lower surface in
order to conduct the thermal energy from the printing
medium lower surface to a foaming layer 30a on the print-
ing medium upper surface. In this embodiment, however,
unlike the abovementioned first embodiment, the tension
roller 21 need not function to give tension to the printing
medium 30 after having transferred the printing medium
30 to a conveyance roller 22. That is, control such as
reverse rotation need not be performed.
[0048] Instead, this embodiment includes the support
roller 26 so that the printing medium lower surface comes
into tight contact with the thermal head distal end portion
11c. Since the support roller 26 is made of a soft sponge-
like material, the support roller 26 has a small micro-area
pushing force and hence does not interfere with the foam-
ing phenomenon. However, the support roller 26 can
press a whole portion of the printing medium 30, which
faces the thermal head distal end portion 11c. Even when
there is no tension function of the tension roller 21, there-
fore, it is possible to maintain the tight contact between
the printing medium 30 and the thermal head distal end

portion 11c. Note that the present invention is not limited
to this, and that portion of the support roller 26, which
contacts with the printing medium 30, need only be
formed by a soft material which does not crush the foam-
ing portion, so the material is not limited to sponge.
[0049] As has been explained above, the thermal print-
er 200 according to this embodiment uses the support
roller 26 formed by a soft material having a relatively low
pushing force, instead of the conventional platen roller,
and pushes the printing medium 30 against the thermal
head distal end portion 11c by this support roller. As a
consequence, the same effects as those of the afore-
mentioned first embodiment can be obtained. Note that,
in another example which does not form an embodiment
of the invention but is useful for understanding the inven-
tion, a conveyance guide 40 as a conveyance path need
not be formed into a convex shape because the printing
medium 30 is pushed by the support roller 26.
[0050] The present invention can provide a small-
sized, low-noise, and inexpensive image formation ap-
paratus capable of forming a stereoscopic image of an
arbitrary continuous straight line or curved line by using
a thermal head, and provide a control method and pro-
gram of the apparatus.

Claims

1. An image formation apparatus (100) for forming a
stereoscopic image by applying heat to a printing
medium (30) having an upper surface evenly coated
with foaming capsules which foam when heated, the
apparatus comprising:

a plurality of conveyance rollers (20, 22, 23) con-
figured to feed the printing medium into the ap-
paratus and to convey the printing medium;
a conveyance guide (40) that is formed into a
convex shape whose apex is an image formation
position where heat is applied to the printing me-
dium, and is configured to regulate a position of
the conveyed printing medium;
a thermal head (11) that is installed such that a
distal end portion contacts with a lower surface
of a printing medium conveyed by the plurality
of conveyance rollers (20, 22, 23) from below
the image formation position, and is configured
to form a stereoscopic image on the upper sur-
face of the printing medium by applying heat to
the lower surface of the printing medium; and
a tension unit (21) that is positioned on an up-
stream side of the image formation position in a
conveying direction of a printing medium, and is
configured to push the conveyed printing medi-
um toward the distal end portion of the thermal
head (11) by giving tension to the printing me-
dium.
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2. The apparatus according to claim 1, further compris-
ing control means (50) for controlling the tension unit
(21) to contact with and give load to the printing me-
dium, when the printing medium is conveyed to the
image formation position by the plurality of convey-
ance rollers (20, 22, 23).

3. The apparatus according to claim 2, wherein
the tension unit is a tension roller (21) configured to
convey the printing medium to the image formation
position, and
when the printing medium is conveyed to the image
formation position by the plurality of conveyance roll-
ers (20, 22, 23), the control means (50) is configured
to perform control to give torque to the tension roller
(21) such that the printing medium is pulled in a di-
rection opposite to the conveying direction.

4. The apparatus according to claim 3, wherein the ten-
sion roller (21) is positioned below a distal end por-
tion of the thermal head (11).

5. The apparatus according to any one of claims 1 to
4, further comprising a support roller (26) that is
placed in a position facing a distal end portion of the
thermal head and is configured to contact with the
upper surface of the conveyed printing medium and
to push the printing medium toward the distal end
portion of the thermal head (11), a portion of the sup-
port roller (26) which contacts with the upper surface
of the printing medium being formed by a material
which does not crush a foaming portion of the printing
medium.

6. The apparatus according to claim 5, wherein the ma-
terial is sponge.

7. The apparatus according to claim 2 or 3, wherein in
synchronism with a timing at which the printing me-
dium is conveyed to the image formation position,
the control means (50) is configured to calculate a
heating time corresponding to a foaming height of
each pixel in image formation data to be formed, and
to perform heating control on a plurality of micro heat-
ing elements formed in the thermal head (11) in ac-
cordance with the calculated heating time.

8. The apparatus according to claim 7, wherein the con-
trol means (50) is configured to form an image by
performing heating control on the plurality of micro
heating elements for each line in a main scanning
direction.

9. The apparatus according to claim 7 or 8, further com-
prising a plurality of temperature sensors (11b) con-
figured to sense heat storage states of the plurality
of micro heating elements of the thermal head (11),
wherein the control means (50) is configured to cor-

rect a heating control time corresponding to the im-
age formation data based on sensing results from
the plurality of temperature sensors (11b).

10. The apparatus according to any one of claims 1 to
9, wherein the conveyance roller (22) of the plurality
of conveyance rollers (20, 22, 23), which is posi-
tioned on a downstream side of the image formation
position in the conveying direction, is configured to
convey the printing medium by contacting with two
end portions of the printing medium in a sub-scan-
ning direction without contacting with a foamed por-
tion where an image is formed.

Patentansprüche

1. Bilderzeugungsvorrichtung (100) zum Ausbilden ei-
nes stereoskopischen Bildes durch Anwenden von
Wärme auf ein Druckmedium (30), das eine obere
Oberfläche aufweist, die mit Schäumkapseln gleich-
mäßig beschichtet ist, die beim Erwärmen schäu-
men, wobei die Vorrichtung Folgendes umfasst:

eine Vielzahl von Transportrollen (20, 22, 23),
die konfiguriert sind, um das Druckmedium in
die Vorrichtung einzuführen und das Druckme-
dium zu transportieren;
eine Transportführung (40), die zu einer konve-
xen Form ausgebildet ist, deren Spitze in einer
Bilderzeugungsposition liegt, wo Wärme auf das
Druckmedium angewandt wird, und konfiguriert
ist, um eine Position des transportierten Druck-
mediums zu regulieren;
ein Thermokopf (11), der so installiert ist, dass
ein distaler Endabschnitt eine untere Oberfläche
eines Druckmediums berührt, das durch die
Vielzahl von Transportrollen (20, 22, 23) von un-
terhalb der Bilderzeugungsposition transportiert
wird, und konfiguriert ist, um ein stereoskopi-
sches Bild auf der oberen Oberfläche des Druck-
mediums durch Anwenden von Wärme auf die
untere Oberfläche des Mediums auszubilden;
und
eine Spanneinheit (21), die auf einer stromauf-
wärtigen Seite der Bilderzeugungsposition in ei-
ner Transportrichtung eines Druckmediums po-
sitioniert ist und konfiguriert ist, um das trans-
portierte Druckmedium zu dem distalen En-
dabschnitt des Thermokopfs (11) hin zu schie-
ben, indem dem Druckmedium Spannung ver-
liehen wird.

2. Vorrichtung gemäß Anspruch 1, die ferner ein Steu-
erungsmittel (50) zum Steuern der Spanneinheit (21)
beinhaltet, um das Druckmedium zu berühren und
diesem Spannung zu verleihen, wenn das Druckme-
dium durch die Vielzahl von Transportrollen (20, 22,
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23) zur Bilderzeugungsposition transportiert wird.

3. Vorrichtung gemäß Anspruch 2, wobei die Span-
neinheit eine Spannrolle (21) ist, die konfiguriert ist,
um das Druckmedium zur Bilderzeugungsposition
zu transportieren, und
wenn das Druckmedium durch die Vielzahl von
Transportrollen (20, 22, 23), zur Bilderzeugungspo-
sition transportiert wird, das Steuerungsmittel (50)
konfiguriert ist, um eine Steuerung durchzuführen,
um der Spannrolle (21) Spannung zu verleihen, so-
dass das Druckmedium in eine der Transportrich-
tung entgegengesetzte Richtung gezogen wird.

4. Vorrichtung gemäß Anspruch 3, wobei die Spann-
rolle (21) unterhalb eines distalen Endabschnitts des
Thermokopfs (11) positioniert ist.

5. Vorrichtung gemäß einem der Ansprüche 1 bis 4,
die ferner eine Stützrolle (26) beinhaltet, die in einer
Position platziert ist, die einem distalen Endabschnitt
des Thermokopfs zugewandt ist, und konfiguriert ist,
die obere Oberfläche des Druckmediums zu berüh-
ren und das Druckmedium zu dem distalen En-
dabschnitt des Thermokopfs (11) hin zu schieben,
wobei ein Abschnitt der Stützrolle (26), die die obere
Oberfläche des Druckmediums berührt, durch ein
Material ausgebildet ist, das einen Schäumabschnitt
des Druckmediums nicht eindrückt.

6. Vorrichtung gemäß Anspruch 5, wobei das Material
Schwamm ist.

7. Vorrichtung gemäß Anspruch 2 oder 3, wobei in Syn-
chronisation mit einer Zeitvorgabe, mit der das
Druckmedium zur Bilderzeugungsposition transpor-
tiert wird, das Steuerungsmittel (50) konfiguriert ist,
um eine Erwärmungszeit zu berechnen, die einer zu
erzeugenden Schäumhöhe von jedem Pixel in Bil-
derzeugungsdaten entspricht, und um eine Erwär-
mungssteuerung an einer Vielzahl von Mikroerwär-
mungselementen, die in dem Thermokopf (11) aus-
gebildet sind, in Übereinstimmung mit der berech-
neten Erwärmungszeit durchzuführen.

8. Vorrichtung gemäß Anspruch 7, wobei das Steue-
rungsmittel (50) konfiguriert ist, um ein Bild durch
Durchführen einer Erwärmungssteuerung an der
Vielzahl von Mikroerwärmungselementen für jede
Zeile in einer Hauptabtastrichtung auszubilden.

9. Vorrichtung gemäß Anspruch 7 oder 8, die ferner
eine Vielzahl von Temperatursensoren (11b) bein-
haltet, die konfiguriert sind, um Wärmespeiche-
rungszustände der Vielzahl von Mikroerwärmungs-
elementen des Thermokopfs (11) zu erfassen,
wobei das Steuerungsmittel (50) konfiguriert ist, um
eine Erwärmungssteuerungszeit entsprechend den

Bilderzeugungsdaten basierend auf Erfassungsres-
ultaten von der Vielzahl von Temperatursensoren
(11b) zu korrigieren.

10. Vorrichtung gemäß einem der Ansprüche 1 bis 9,
wobei die Transportrolle (22) der Vielzahl von Trans-
portrollen (20, 22, 23), die auf einer stromabwärtigen
Seite der Bilderzeugungsposition in einer Transpor-
trichtung des Druckmediums positioniert ist, konfi-
guriert ist, um das Druckmedium durch Berühren von
zwei Endabschnitten des Druckmediums in einer
Unterabtastichtung ohne Berühren eines ge-
schäumten Abschnitts, wo ein Bild ausgebildet wird,
zu transportieren.

Revendications

1. Appareil de formation d’image (100) pour former une
image stéréoscopique grâce à l’application de cha-
leur à un support d’impression (30) ayant une surfa-
ce supérieure qui est revêtue uniformément de cap-
sules de moussage qui moussent lorsqu’elles sont
chauffées, l’appareil comprenant :

une pluralité de rouleaux de transport (20, 22,
23) configurés pour faire avancer le support
d’impression dans l’appareil et pour transporter
le support d’impression ;
un guide de transport (40) qui est formé en une
forme convexe dont le sommet est une position
de formation d’image où la chaleur est appliquée
au support d’impression, et est configuré pour
réguler une position du support d’impression
transporté ;
une tête thermique (11) qui est installée de telle
sorte qu’une partie d’extrémité distale entre en
contact avec une surface inférieure d’un support
d’impression transporté par la pluralité de rou-
leaux de transport (20, 22, 23) à partir du des-
sous de la position de formation d’image, et est
configurée pour former une image stéréoscopi-
que sur la surface supérieure du support d’im-
pression en appliquant de la chaleur sur la sur-
face inférieure du support d’impression ; et
une unité de tension (21) qui est positionnée sur
un côté amont de la position de formation d’ima-
ge dans un sens de transport d’un support d’im-
pression, et est configurée pour pousser le sup-
port d’impression transporté vers la partie d’ex-
trémité distale de la tête d’impression (11) en
donnant une certaine tension au support d’im-
pression.

2. Appareil selon la revendication 1, comprenant en
outre un moyen de commande (50) pour commander
l’unité de tension (21) pour qu’elle entre en contact
avec et donne une certaine charge au support d’im-
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pression, lorsque le support d’impression est trans-
porté jusqu’à la position de formation d’image par la
pluralité de rouleaux de transport (20, 22, 23) .

3. Appareil selon la revendication 2, dans lequel
l’unité de tension est un rouleau de tension (21) con-
figuré pour transporter le support d’impression jus-
qu’à la position de formation d’image, et
lorsque le support d’impression est transporté jus-
qu’à la position de formation d’image par la pluralité
de rouleaux de transport (20, 22, 23), le moyen de
commande (50) est configuré pour réaliser une com-
mande afin de donner un certain couple au rouleau
de tension (21) de telle sorte que le support d’im-
pression soit tiré dans un sens qui est opposé au
sens de transport.

4. Appareil selon la revendication 3, dans lequel le rou-
leau de tension (21) est positionné en dessous d’une
partie d’extrémité distale de la tête thermique (11).

5. Appareil selon l’une quelconque des revendications
1 à 4, comprenant en outre un rouleau de support
(26) qui est placé dans une position faisant face à
une partie d’extrémité distale de la tête thermique,
et est configuré pour entrer en contact avec la sur-
face supérieure du support d’impression transporté
et pour pousser le support d’impression vers la partie
d’extrémité distale de la tête thermique (11), une par-
tie du rouleau de support (26) qui entre en contact
avec la surface supérieure du support d’impression
étant formée par une matière qui n’écrase pas une
partie moussante du support d’impression.

6. Appareil selon la revendication 5, dans lequel la ma-
tière est de l’éponge.

7. Appareil selon la revendication 2 ou 3, dans lequel
en synchronisme avec une minuterie suivant laquel-
le le support d’impression est transporté jusqu’à la
position de formation d’image, le moyen de comman-
de (50) est configuré pour calculer un temps de
chauffage correspondant à une hauteur de moussa-
ge de chaque pixel dans des données de formation
d’image destinées à être formées, et pour réaliser
une commande de chauffage sur une pluralité d’élé-
ments de micro-chauffage formés dans la tête ther-
mique (11) en conformité avec le temps de chauffage
calculé.

8. Appareil selon la revendication 7, dans lequel le
moyen de commande (50) est configuré pour former
une image en réalisant une commande de chauffage
sur la pluralité d’éléments de micro-chauffage pour
chaque ligne dans un sens de scannage principal.

9. Appareil selon la revendication 7 ou 8, comprenant
en outre une pluralité de capteurs de température

(11b) configurée pour détecter des états de stockage
de chaleur de la pluralité d’éléments de micro-chauf-
fage de la tête thermique (11),
dans lequel le moyen de commande (50) est confi-
guré pour rectifier un temps de commande de chauf-
fage correspondant aux données de formation
d’image sur la base de résultats de détection en pro-
venance de la pluralité de capteurs de température
(11b).

10. Appareil selon l’une quelconque des revendications
1 à 9, dans lequel le rouleau de transport (22) de la
pluralité de rouleaux de transport (20, 22, 23), qui
est positionné sur un côté aval de la position de for-
mation d’image dans le sens de transport, est con-
figuré pour transporter le support d’impression en
entrant en contact avec deux parties d’extrémité du
support d’impression dans un sens de sous-scan-
nage sans entrer en contact avec une partie mous-
sée où une image est formée.
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