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(54) IMAGE FORMING APPARATUS

(57)  An image forming apparatus (100) includes a
plurality of temperature-influence members (25a, 25e,
26a), a first-point temperature acquisition unit (103), a
second-point temperature estimation unit (120), and a
controller (110). The plurality of temperature-influence -

members (25a, 25e, 26a) have influence on a tempera- [_—_}

ture of a recording medium (S) on which an image is r l o ==-‘
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FIG.1

0000 o

13332

formed. The first-point temperature acquisition unit (103)
is configured to detect or estimate a temperature of the
recording medium (S) at a first point. The second-point
temperature estimation unit (120) is configured to esti-
mate a temperature of the recording medium (S) at a
second point, based on a detection result of at least one
of a temperature of the recording medium (S) at a point
different from the second point and a temperature of a
member (25a) or atmosphere. The controller (110)is con-
figured to control the plurality of temperature-influence
members (25a, 25e, 26a), based on an acquisition result
from the first-point temperature acquisition unit (103) and
an estimation result from the second-point temperature “L
estimation unit (120).
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The presentinvention relates to animage form-
ing apparatus.

2. Description of the Related Art

[0002] Conventionally, animage forming apparatusin-
cluding a plurality of temperature-influence members
having influence on the temperature of a recording me-
dium on which an image is formed, has been known.
[0003] For example, Japanese Unexamined Patent
Application Publication No. 2015-75693 discloses an im-
age forming apparatus in which a toner image formed on
a sheet (recording medium) is subjected to fixing
processing by heat and pressure with a heating roller
(temperature-influence member) and a pressing roller in
a fixing device, and additionally the sheet having risen in
temperature through the fixing device is subjected to
cooling processing, in contact with a cooling member
(temperature-influence member). In the image forming
apparatus, in accordance with the temperatures of both
faces of the sheet just after cooling, acquired by temper-
ature sensors (temperature detection units) that detect
the respective temperatures on the front and back sides
of the sheet just after cooling, the revolutions per minute
of a fan that blows air on the heat sink of the cooling
member are changed, so that the temperature of the cool-
ing member is controlled.

[0004] At the time of control of the temperatures of a
plurality of temperature-influence members included in
an image forming apparatus, preferably, for each tem-
perature-influence member, a temperature detection unit
detects, in practice, the temperature of a recording me-
dium at a proper point, and then the temperature of each
temperature-influence member is controlled on the basis
of the corresponding detection result. However, due to
various causes, such as the space of installation and the
environment of installation for temperature detection
units and the reduction in cost due to omission of tem-
perature detection units, in some cases, it is difficult to
install a temperature detection unit that detects in prac-
tice the temperature of a recoding medium, at a proper
point for each temperature-influence member that is a
target to be controlled in temperature.

SUMMARY OF THE INVENTION

[0005] Accordingtoan aspect of the presentinvention,
an image forming apparatus includes a plurality of tem-
perature-influence members, a first-point temperature
acquisition unit, a second-point temperature estimation
unit, and a controller. The plurality of temperature-influ-
ence members have influence on a temperature of a re-
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cording medium on which an image is formed. The first-
point temperature acquisition unit is configured to detect
or estimate a temperature of the recording medium at a
first point. The second-point temperature estimation unit
is configured to estimate a temperature of the recording
medium at a second point, based on a detection result
of at least one of a temperature of the recording medium
at a point different from the second point and a temper-
ature of a member or atmosphere. The controller is con-
figured to control the plurality of temperature-influence
members, based on an acquisition result from the first-
point temperature acquisition unit and an estimation re-
sult from the second-point temperature estimation unit.
[0006] According to an aspect of the presentinvention,
even for a temperature-influence member for which it is
difficult to detect in practice the temperature of a record-
ing medium at an optimum point with a temperature de-
tection unit, temperature control can be performed with
an estimate for the temperature of a recording medium
at the point.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007]

FIG. 1 is a schematic view of the configuration of a
printer according to an embodiment;

FIG. 2 is a schematic view of a fixing device in the
printer;

FIG. 3 is a schematic view of a cooling device in the
printer;

FIG. 4 is a control block diagram regarding temper-
ature control of a fixing belt, a pressing roller, and a
cooling roller in the embodiment;

FIG. 5 is a flowchart of a flow of temperature control
of the fixing belt, the pressing roller, and the cooling
roller in the embodiment; and

FIG. 6 is a graph of the relationship between brands
of recording sheets and target values for fixing tem-
perature.

[0008] The accompanying drawings are intended to
depict exemplary embodiments of the present invention
and should not be interpreted to limit the scope thereof.
Identical or similar reference numerals designate identi-
cal or similar components throughout the various draw-
ings.

DESCRIPTION OF THE EMBODIMENTS

[0009] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the present invention.

[0010] As used herein, the singular forms "a", "an" and
"the" are intended to include the plural forms as well,
unless the context clearly indicates otherwise.

[0011] Indescribing preferred embodiments illustrated
in the drawings, specific terminology may be employed
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for the sake of clarity. However, the disclosure of this
patent specification is not intended to be limited to the
specific terminology so selected, and it is to be under-
stood that each specific element includes all technical
equivalents that have the same function, operate in a
similar manner, and achieve a similar result.

[0012] An embodiment of the present invention will be
described in detail below with reference to the drawings.
An electrophotographic printer as an image forming ap-
paratus according to an embodiment of the present in-
vention, will be described below.

[0013] First, the basic configuration of the printer ac-
cording to the embodiment will be described.

[0014] FIG. 1 is a schematic view of the configuration
of the printer according to the embodiment. In the figure,
aprinter 100 includes: a sheet feeding unit (sheet feeding
table) that supplies a sheet feeding path with recording
sheets as recording media housed inside; and a printer
unit mounted on the sheet feeding unit. The indices Y,
M, C, and K denoted at the ends of reference signs in
the figure represent, respectively, members for yellow,
magenta, cyan, and black.

[0015] In the vicinity of the center of the printer unit, an
endless intermediate transfer belt 10 that is stretched
around a plurality of supporting rollers 14, 15, 15’, 16,
and 63 and is endlessly movable clockwise in the figure
is provided. A belt cleaning device 17 abuts on, from the
belt front-face side, a part stretched around a cleaning
backup roller in the entire region in the circumferential
direction of the intermediate transfer belt 10. The belt
cleaning device 17 removes transfer residual toner re-
maining on the front face of the intermediate transfer belt
10 having passed through a secondary transfer nip to be
described later.

[0016] In the entire region in the circumferential direc-
tion of the intermediate transfer belt 10, the region be-
tween the driving roller 14 that is a supporting roller and
the supporting roller 15, extends substantially horizon-
tally. Then, a tandem image forming unit 20 is disposed
above the region. The tandem image forming unit 20
keeps four image formation units 18Y, 18M, 18C, and
18K for yellow, magenta, cyan, and black disposed along
the belt front face, opposed to the belt front face.
[0017] An optical writing device 21 is provided as a
latentimage writing unitabove the tandem image forming
unit 20. The image formation units 18Y, 18M, 18C, and
18K in the tandem image forming unit 20 include, respec-
tively, drum-shaped photoconductors 40Y, 40M, 40C,
and 40K as latent image bearers for formation of latent
images in yellow, magenta, cyan, and black. The surfac-
es of the photoconductors 40Y, 40M, 40C, and 40K are
charged uniformly by charging devices 60Y, 60M, 60C,
and 60K, respectively (e.g., -650 V). After that, the sur-
faces of the photoconductors 40Y, 40M, 40C, and 40K
each are optically scanned by the optical writing device
21 that drives a light source on the basis of image data.
Optically irradiated portions, on the surfaces of the pho-
toconductors 40Y, 40M, 40C, and 40K, caused by the
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optical scanning decrease in potential, resulting in elec-
trostatic latent images (e.g., -50 V) .

[0018] The electrostatic latent images formed on the
surfaces of the photoconductors 40Y, 40M, 40C, and 40K
are developed by developing devices 59Y, 59M, 59C,
and 59K, resulting in Y, M, C, and K toner images, re-
spectively. As necessary, the developing devices 59Y,
59M, 59C, and 59K are supplied with Y, M, C, and K
toners from toner bottles 50Y, 50M, 50C, and 50K, re-
spectively. Inside the developing devices 59Y, 59M, 59C,
and 59K, respectively, stirred are Y, M, C, and K devel-
opers including Y, M, C, and K toners mixed with mag-
netic carriers, respectively. The Y, M, C, and K toners in
the Y, M, C, and K developers are negatively charged by
friction (e.g., - 30 nC/g). Inside the developing devices
59, 59M, 59C, and 59K, respectively, disposed are de-
veloping rollers for Y, M, C, and K. The developing rollers
for Y, M, C, and K each have part of the circumferential
face thereof exposed outward through an opening pro-
vided at a casing. The exposed parts of the circumferen-
tial faces of the developing rollers for Y, M, C, and K are
opposed to the photoconductors 40Y, 40M, 40C, and
40K. The Y, M, C, and K developers drawn by the devel-
oping rollers for Y, M, C, and K are conveyed to devel-
oping regions opposed to the photoconductors 40Y, 40M,
40C, and 40K, along with rotations of the rollers. In each
developing region, developing potential for causing neg-
ative toner to move from the roller side to the latentimage
side acts between the electrostatic latent image on the
corresponding photoconductor 40Y, 40M, 40C, or 40K
and the developing roller to which a developing bias is
applied (e.g., -500 V). Due to such developing potential,
the Y, M, C, and K toners on the developing rollers for
Y, M, C, and K separate from the magnetic carriers to
transition to the electrostatic latent images on the photo-
conductors 40Y, 40M, 40C, and 40K. This arrangement
causes the electrostatic latent images on the photocon-
ductors 40Y, 40M, 40C, and 40K to be developed by the
Y, M, C, and K toners, resulting in Y, M, C, and K toner
images.

[0019] Underthe photoconductors40Y,40M,40C, and
40K, disposed are primary transfer rollers 62Y, 62M,
62C, and 62K that press the intermediate transfer belt
10 to the photoconductors 40Y, 40M, 40C, and 40K. This
arrangement results in formation of primary transfer nips
for Y, M, C, and K at which the photoconductors 40Y,
40M, 40C, and 40K abut on the intermediate transfer belt
10. On the peripheries of the primary transfer nips for Y,
M, C, and K, primary transfer electric fields are formed
between the primary transfer rollers 62Y, 62M, 62C, and
62K to which a primary transfer bias is applied and the
electrostatic latent images on the photoconductors 40Y,
40M, 40C, and 40K.

[0020] Afterreceivingimagedata, the printer 100 caus-
es a driving unit to rotation-drive the driving roller 14, so
that the intermediate transfer belt 10 endlessly moves
clockwise in the figure. Simultaneously, the image for-
mation units 18Y, 18M, 18C, and 18K are driven, resulting
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in formation of Y, M, C, and K toner images on the pho-
toconductors 40Y, 40M, 40C, and 40K. The toner images
are primary-transferred, in superimposition, on the front
face of the intermediate transfer belt 10 at the primary
transfer nips for Y, M, C, and K. This arrangement results
in formation of a four-color superimposed toner image
on the front face of the intermediate transfer belt 10.
[0021] Note that, forformation ofa monochromeimage
in black on the intermediate transfer belt 10, movement
of the supporting rollers 15 and 15’ other than the driving
roller 14 enables separation of the photoconductors 40Y,
40M, and 40C for yellow, magenta, and cyan from the
intermediate transfer belt 10.

[0022] The surfaces of the photoconductors 40Y, 40M,
40C, and 40K having passed through the primary transfer
nips for Y, M, C, and K, each have transfer residual toner
having not been primary-transferred to the intermediate
transfer belt 10, adhering thereto. Such transfer residual
toner is removed from the surfaces of the photoconduc-
tors 40Y, 40M, 40C, and 40K by drum cleaning devices
61Y,61M, 61C, and 61K, and then the removed toner is
conveyed to a waste-toner bottle.

[0023] The surfaces of the photoconductors 40Y, 40M,
40C, and 40K after cleaning are charged uniformly again
by the charging devices 60Y, 60M, 60C, and 60K.
[0024] The printer 100 selectively rotates one of sheet
feeding rollers 42 above the sheet feeding table 200 in
the sheet feeding unit. This arrangement causes a re-
cording sheet to be fed from one of a plurality of sheet
feeding cassettes 44 provided in tiers inside a paper bank
43. Then, a separation roller 45 that separates recording
sheets one by one, sends a recording sheet to a sheet
feeding path 48. After that, a conveyance roller 47 con-
veys and enters the recording sheet to the sheet feeding
path 48 in the printer unit. The recording sheet having
entered the sheet feeding path 48 in the printer unit hits
against and stops at the registration nip between a pair
of registration rollers 49.

[0025] A secondary transfer device 22 is disposed be-
low the intermediate transfer belt 10. The secondary
transfer device 22 keeps a secondary transfer roller 16’
abutting on a part stretched around the secondary trans-
fer opposing roller 16 as a supporting roller, in the entire
region in the circumferential direction of the intermediate
transfer belt 10, resulting in formation of a secondary
transfer nip.

[0026] The pair of registration rollers 49 starts rotation-
drive with timing enabling the recording sheet to be su-
perimposed on the four-color superimposed toner image
on the belt at the secondary transfer nip, to send the
recording sheet to the secondary transfer nip. In the sec-
ondary transfer nip, due to the effects of a secondary
transfer electric field and nip pressure, the four-color su-
perimposed toner image on the intermediate transfer belt
10 is secondary-transferred to the recording sheet, re-
sulting in a full-color image.

[0027] The recording sheet having passed through the
secondary transfer nip, is sent to a fixing device 25, so
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that the full-color image is fixed on the front face of the
recording sheet. The recording sheet having risen in tem-
perature through the fixing device 25 is sent to and cooled
by a cooling device 26. After that, the recording sheet is
discharged outside through a pair of discharging rollers
56 and then is stacked on a sheet ejection tray 57.
[0028] Note that, in double-sided print mode in which
images are formed on both faces of a recording sheet, a
recording sheet having a toner image fixed on afirst face
of both faces thereof passes through the cooling device
26, and then is sent to a resending device 28, instead of
being sent to the pair of discharging rollers 56. Then, the
resending device 28 resends the recording sheet turned
over, to the sheet feeding path 48. Then, the recording
sheet is sent from the sheet feeding path 48 to the sec-
ondary transfer nip and then a four-color superimposed
toner image is secondary-transferred to a second face
thereof. After that, the recording sheet is discharged out-
side through the fixing device 25 and the pair of discharg-
ing rollers 56.

[0029] The intermediate transferbelt 10 having passed
through the secondary transfer nip, enters the primary
transfer nips for Y, M, C, and K after the belt cleaning
device 17 removes transfer residual toner adhering on
the surface of the intermediate transfer belt 10. The toner
housed inside the belt cleaning device 17 is collected
into a waste-toner bottle by a conveyance unit.

[0030] FIG. 2 is a schematic view of the fixing device
25 in the present embodiment.

[0031] As illustrated in FIG. 2, the fixing device 25 in-
cludes a fixing belt 25a as a heating member that is a
temperature-influence member, a heating roller 25b, a
fixing roller 25¢, a fixing heater 25d as a heating unit
provided at the heating roller 25b, a pressing roller 25e
as a pressing member that is a temperature-influence
member, a pressing heater 25f as a heating unit provided
at the pressing roller 25e, a pressing-roller fan 25¢g that
cools the pressing roller 25e, and a temperature sensor
25h as a temperature detection unit.

[0032] Under a certain tension, the fixing belt 25a is
stretched around the fixing roller 25¢ and the heating
roller 25b. The fixing belt 25a is an endless belt and has
adouble-layered structure in which an elastic layer, such
as a silicon rubber layer (300 to 500 pwm), is formed on
a base material, such as nickel, stainless steel, or poly-
imide. The fixing roller 25c includes silicon rubber formed
on a metallic cored bar. The heating roller 25b is an alu-
minum or iron hollow roller and is provided internally with
the fixing heater 25d.

[0033] Temperature control of the fixing belt 25a is per-
formed by control of turning on and turning off energiza-
tion to the fixing heater 25d of the heating roller 25b. Note
that the fixing device 25 is not limited to the heaters 25d
and 25f as heating units, and thus may be provided with
differentheating units enabling temperature control, such
as a lamp and an electromagnetic induction heating de-
vice (IH heater).

[0034] The pressing roller 25e is located below the fix-
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ing belt 25a, and presses rotatably against a part of the
fixing belt 25a that winds around the fixing roller 25c. The
pressing roller 25e is an aluminum or iron hollow roller
and is provided internally with the pressing heater 25f.
Temperature control of the pressing roller 25e is per-
formed by control of turning on and turning off energiza-
tion to the pressing heater 25f of the pressing roller 25e.
[0035] The pressing force of the pressing roller 25e is
given by a pressing spring as an urging unit that biases
the shaft portion of the pressing roller 25e toward the
fixingroller 25¢c. Changing the angle of rotation of a press-
ing cam causes displacement of a supporting member
supporting the pressing spring, so that the amount of
compression of the pressing spring can be changed.
Therefore, control of the angle of rotation of the pressing
cam causes change of the urging force of the pressing
roller spring, so that the pressing force of the pressing
roller 25e (nip pressure at a fixing nip) can be changed.
[0036] Pressing between the pressing roller 25e and
the fixing belt 25a causes formation of a fixing nip. Pas-
sage of a recording sheet S through the fixing nip causes
the toner image on the recording sheet S to be fixed on
the recording sheet S by heat and pressure.

[0037] FIG. 3isaschematic view of the cooling device
26 in the present embodiment.

[0038] As illustrated in FIG. 3, the cooling device 26
includes a cooling roller 26a as a cooling member, a con-
veyance belt 26b abutting on the cooling roller 26a such
that a cooling nip is formed, two supporting rollers 26¢
and 26d around which the conveyance belt 26b is
stretched, and guide rollers 26e and 26f disposed up-
stream and downstream of the cooling roller 26a in the
sheet conveyance direction.

[0039] The cooling device 26 according to the present
embodiment has a water-cooling type, in which a coolant
made of liquid, such as water, or gas (cooling water is
used in the present embodiment) is circulated to cool the
cooling roller 26a. A chiller (cooling-water circulation de-
vice) 269 adjusts the temperature of the circulating cool-
ing water with a refrigerator and a heater, resulting in
temperature control of the cooling roller 26a. Note that
any configuration or technique may be adopted to the
cooling device 26 as long as a recording sheet S can be
cooled by a cooling member and the temperature of the
cooling member can be controlled.

[0040] The printer 100 according to the present em-
bodiment includes a sheet-feeding temperature sensor
101 that detects the internal temperature of the paper
bank 43, a pre-fixing temperature sensor 102 that detects
the temperature of the recording sheet S (recording sheet
S just before fixing) between the secondary transfer de-
vice 22 and the fixing device 25, and a post-fixing tem-
perature sensor 103 that detects the temperature of the
recording sheet S (recording sheet S just after fixing)
between the fixing device 25 and the cooling device 26
(first point). In addition, the present printer 100 includes,
as a temperature detection unit, a fixing-belt temperature
sensor 25h that detects the temperature of the fixing belt
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25a. Furthermore, additional temperature sensors may
be provided, such as temperature sensors that detect
the temperatures in the vicinity of developing devices
59Y, 59M, 59C, and 59K, and a temperature sensor that
detects the temperature in the vicinity of the pair of dis-
charging rollers 56.

[0041] Next, as a feature according to the present in-
vention, temperature control of the fixing belt 25a, the
pressing roller 25e, and the cooling roller 26a that are
temperature-influence members having influence on the
temperature of a recording sheet S, will be described.
[0042] FIG. 4 is acontrol block diagram in temperature
control of the fixing belt 25a, the pressing roller 25e, and
the cooling roller 26a.

[0043] Temperature controlinthe presentembodiment
is performed by a temperature control unit 110 as a con-
troller. The temperature control unit 110 controls the tem-
peratures of the fixing belt 25a, the pressing roller 25e,
and the cooling roller 26a, on the basis of a detection
result from atleast one temperature sensor of the various
types of temperature sensors 25h, 101, 102, and 103
installed in the present printer 100 and an estimation re-
sult of the temperature of the recording sheet S down-
stream of the cooling device 26 in the sheet conveyance
direction (second point) from a post-cooling temperature
estimation unit 120. An estimation program that a com-
puter device executes in the post-cooling temperature
estimation unit 120 will be described later (pre-trained
model).

[0044] Temperature control of the fixing belt 25a s per-
formed by control of turning on and turning off energiza-
tion to the fixing heater 25d. Temperature control of the
pressing roller 25e is performed by control of turning on
and turning off energization to the pressing heater 25f
and control of the revolutions per minute of the pressing-
roller fan 25g. Temperature control of the cooling roller
26a is performed by control of the chiller 26g.

[0045] Inthe embodiment, too low temperatures of the
fixing belt 25a and the pressing roller 25e cause a defect,
such as toner offset in which toner adheres to the fixing
belt 25a. Moreover, too high temperatures of the fixing
belt 25a and the pressing roller 25e cause a defect, such
as hot offset in which toner adheres to a conveyance
member (e.g., the pair of discharging rollers 56) down-
stream of the fixing device 25 in the sheet conveyance
direction or blocking in which a recording sheet stacked
on the sheet ejection tray 57 sticks to the subsequent
recording sheet. Moreover, too low or high temperatures
of the fixing belt 25a and the pressing roller 25e cause
no acquisition of the original color development, resulting
in a defect, such as deterioration in image quality.
[0046] Therefore, the temperatures of the fixing belt
25a and the pressing roller 25e require controlling in a
proper temperature range. The proper temperature
range varies depending on the temperature-related con-
ditions of the recording sheet S (e.g., the sheet temper-
ature before fixing and the heat capacity and thermal
conductivity of the recording sheet S).
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[0047] Asabove, eveninacase where the proper tem-
perature range varies, for performance of favorable fixing
processing, favorably, the temperatures of the fixing belt
25aandthe pressing roller 25e are controlled on the basis
of the temperature of the recording sheet S just before
fixing and the temperature of the recording sheet S just
after fixing.

[0048] That is, the temperatures of the fixing belt 25a
and the pressing roller 25e are set higher with a lower
temperature of the recording sheet S just before fixing,
so that favorable fixing processing can be performed.
Moreover, favorably, control is performed such that the
temperatures of the fixing belt 25a and the pressing roller
25e are adjusted lower with a higher temperature of the
recording sheet S just after fixing. As above, favorably,
the temperatures of the fixing belt 25a and the pressing
roller 25e in the fixing device 25 are controlled on the
basis of the temperature of the recording sheet S just
before fixing and the temperature of the recording sheet
S just after fixing.

[0049] Thus, accordingto the presentembodiment, the
pre-fixing temperature sensor 102 that detects the tem-
perature of the recording sheet S just before fixing and
the post-fixing temperature sensor 103 that detects the
temperature of the recording sheet S just after fixing are
provided. On the basis of detection results therefrom, the
temperatures of the fixing belt 25a and the pressing roller
25e in the fixing device 25 are controlled.

[0050] Meanwhile, too high temperatures of the fixing
belt 25a and the pressing roller 25e are likely to cause
blocking or the like as described above. According to the
present embodiment, the cooling device 26 cools the re-
cording sheet S after fixing, so that blocking or the like
is inhibited from occurring. Note that, in a case where the
temperature of the cooling roller 26a is too high because
the cooling capacity of the cooling roller 26a is insuffi-
cient, sufficient cooling cannot be performed to the re-
cording sheet S, and thus blocking cannot be sufficiently
inhibited from occurring. Moreover, constantly cooling
the cooling roller 26a at the maximum cooling capacity
is unfavorable from the viewpoint of energy saving.
[0051] Therefore, the temperature of the cooling roller
26a requires controlling in a proper temperature range
(namely, the cooling capacity is controlled in a proper
range). The proper temperature range varies depending
on the temperature-related conditions of the recording
sheet S (e.g., the sheet temperature before cooling and
the heat capacity and thermal conductivity of the record-
ing sheet S). As above, even in a case where the proper
temperature range varies, for performance of favorable
cooling processing with minimum necessary energy, fa-
vorably, on the basis of the temperature of the recording
sheet S just before cooling (temperature of the recording
sheet S just after fixing) and the temperature of the re-
cording sheet S just after cooling, the chiller 26g is con-
trolled to control the temperature of the cooling roller 26a.
[0052] Thus, preferably, atemperature sensor thatde-
tects the temperature of the recording sheet S just after
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cooling is provided. On the basis of a detection result of
the sheet temperature after cooling and a detection result
from the post-fixing temperature sensor 103, the chiller
26g is controlled to control the temperature of the cooling
roller 26a. However, according to the present embodi-
ment, a branch to a conveyance path to the pair of dis-
charging rollers 56 and a conveyance path to the resend-
ing device 28 is located just downstream of the cooling
device 26 in the sheet conveyance direction. Thus, a
proper space in which the temperature sensor is installed
cannot be ensured.

[0053] Thus, accordingtothe presentembodiment, the
post-cooling temperature estimation unit 120 estimates
the temperature of the recording sheet S downstream of
the cooling device 26 in the sheet conveyance direction
(second point). On the basis of an estimation result there-
from, the chiller 269 is controlled to control the temper-
ature of the cooling roller 26a.

[0054] FIG. 5 is a flowchart of a flow of temperature
control of the fixing belt 25a, the pressing roller 25e, and
the cooling roller 26a in the present embodiment.
[0055] First, simultaneously with powering on the print-
er 100, the temperature control unit 110 acquires tem-
perature detection results (actual measured values) from
the sheet-feeding temperature sensor 101 inside the pa-
per bank 43 and the fixing-belt temperature sensor 25h
(S1). The temperature control unit 110 sets a target value
for the temperature of the fixing belt 25a (fixing-temper-
ature target value) Ty, taking into account the temper-
ature detection result from the sheet-feeding tempera-
ture sensor 101 (S2). The temperature control unit 110
controls the fixing heater 25d such that the fixing-belt
temperature T4, that the fixing-belt temperature sensor
25h detects is identical to the fixing-temperature target
value Ty, (S3).

[0056] Printing starts (S4), and then the pre-fixing tem-
perature sensor 102 detects (actually measures) the tem-
perature of a recording sheet S before fixing, having a
toner image transferred thereto (S5). The temperature
control unit 110 verifies whether or not the sheet temper-
ature T, before fixing detected by the pre-fixing tem-
perature sensor 102 is in a target range (e.g., the range
between the target temperature T, - 5°C and the target
temperature Ty,4 + 5°C) (S6, S8). Then, in a case where
the sheet temperature T4 before fixing is below the
target range (Yes in S6), the fixing-temperature target
value Ty, is raised (S7). In a case where the sheet tem-
perature T4 beforefixing is above the targetrange (Yes
in $8), the fixing-temperature target value T, is lowered
(S9).

[0057] Next, the post-fixing temperature sensor 103
detects (actually measures) the temperature of the re-
cording sheet S after fixing (before cooling) (S10). Then,
the temperature control unit 110 verifies whether or not
the sheet temperature T, after fixing detected by the
post-fixing temperature sensor 103 is in a target range
(e.g., the range between the target temperature Ty, -
5°C and the target temperature T,» + 5°C) (S11, S13).
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Then, in a case where the sheet temperature T, after
fixing is below the target range (Yes in S11), the fixing-
temperature target value Ty,, is raised (S12). In a case
where the sheet temperature T, after fixing is above
the target range (Yes in S13), the fixing-temperature tar-
get value Ty, is lowered, the pressing-roller fan 25¢ is
turned on, or the lowering and the turning on both are
performed (S14). Note that, in a case where the pressing-
roller fan 25g has already been turned on, the revolutions
per minute of the pressing-roller fan 25g is raised.
[0058] Note that, according to the present embodi-
ment, exemplarily, on the basis of the sheet temperature
T.uro after fixing detected by the post-fixing temperature
sensor 103, the temperatures of the fixing belt 25a and
the pressing roller 25e are controlled. Alternatively, the
pressing force of the pressing roller 25e may be control-
led. Specifically, when the sheet temperature T, after
fixingis below the targetrange, control may be performed
such that the pressing force of the pressing roller 25e is
raised, instead of control of raising the fixing-temperature
target value Ty, ,. When the sheet temperature T, after
fixingis above the targetrange, controlmay be performed
such that the pressing force of the pressing roller 25e is
lowered, instead of control of turning on the pressing-
roller fan 25g.

[0059] Moreover, the post-cooling temperature esti-
mation unit 120 performs estimation processing of esti-
mating the temperature of the recording sheet S after
cooling. Then, the post-cooling temperature estimation
unit 120 calculates an estimate T3 for the sheet tem-
perature after cooling and outputs the estimate T3 to
the temperature control unit 110 (S15) . The temperature
control unit 110 verifies whether or not the sheet temper-
ature T3 after cooling estimated by the post-cooling
temperature estimation unit 120 is in a target range (e.g.,
the range between the target temperature T3 - 5°C and
the target temperature T, 53 + 5°C) (S16, S18). Then, in
a case where the sheet temperature T3 after cooling
is below the target range (Yes in S16), the setting tem-
perature of the chiller 26g is raised (S17). Then, the cool-
ing capacity of the cooling roller 26a is lowered to raise
the temperature of the cooling roller 26a, resulting in in-
hibition of consumption energy in the cooling device 26.
Meanwhile, in a case where the sheet temperature T3
after cooling is above the target range (Yes in S18), the
setting temperature of the chiller 269 is lowered (S19).
Then, the cooling capacity of the cooling roller 26a is
raised to lower the temperature of the cooling roller 26a.
[0060] Intemperature control according to the present
embodiment, the fixing temperature in the fixing device
25 (temperatures of the fixing belt 25a and the pressing
roller 25¢) is controlled on the basis of the sheet temper-
ature T, after fixing, and the cooling capacity in the
cooling device 26 (temperature of the cooling roller 26a)
is controlled on the basis of the sheet temperature T3
after cooling. This arrangement enables mutually inde-
pendent control of the fixing temperature of the fixing
device 25 and the cooling capacity of the cooling device
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26. Thus, for example, even in a case where the fixing
temperature of the fixing device 25 is controlled, the cool-
ing capacity of the cooling device 26 is prevented from
being insufficient or excessive. Conversely, even in a
case where the cooling capacity of the cooling device 26
is controlled, the fixing temperature of the fixing device
25 is prevented from being insufficient or excessive.
Therefore, the fixing device and the cooling device each
can be controlled properly.

[0061] As a specific example, for example, with a con-
figuration in which the sheet temperature T, after fixing
is not detected and is not estimated, when the sheet tem-
perature T3 after cooling is above the target range, it
cannot be discriminated whether the sheet temperature
Teur2 after fixing is above the target range or the sheet
temperature T, after fixing is in the target range. At
this time, control of lowering the fixing temperature of the
fixing device 25 enables adjustment of the sheet temper-
ature T3 after cooling into the target range. However,
if the sheet temperature T, after fixing is in the target
range, the fixing temperature is made inadequate. Thus,
poor fixing is likely to occur. Meanwhile, control of raising
the cooling capacity of the cooling device 26 enables
adjustment of the sheet temperature T, 5 after cooling
into the target range. However, if the sheet temperature
T.ur2 after fixing is above the target range, the fixing tem-
perature remains above the target range. Thus, poor fix-
ing is likely to occur.

[0062] Accordingtothe presentembodiment, whenthe
sheet temperature T, 5 is above the target range, it can
be discriminated whether the sheet temperature T, af-
ter fixing is above the target range or the sheet temper-
ature T, after fixing is in the target range. Therefore,
at this time, in a case where the sheet temperature T,
after fixing is above the target range, control of lowering
the fixing temperature of the fixing device 25 enables
adjustment of the sheet temperature T, after fixing into
the targetrange and adjustment of the sheet temperature
T.ur3 after cooling into the target range. Moreover, in a
case where the sheet temperature T, after fixing is in
the target range, control of raising the cooling capacity
of the cooling device 26 without lowering the fixing tem-
perature of the fixing device 25, enables adjustment of
the sheet temperature T3 after cooling into the target
range with retention of the sheet temperature T, after
fixing in the target range.

[0063] Moreover, as another specific example, for ex-
ample, with a configuration in which the sheet tempera-
ture T3 after cooling is not detected and is not estimat-
ed, when the sheet temperature T, after fixing is above
the target range, it cannot be discriminated whether the
sheet temperature T3 after cooling is above the target
range or the sheet temperature T 5 after cooling is in
the target range. At this time, control of lowering the fixing
temperature of the fixing device 25 enables adjustment
of the sheet temperature T, after fixing into the target
range. However, if the sheet temperature T3 after cool-
ing is in the target range, the sheet temperature T3



13 EP 3 805 863 A1 14

after cooling lowers more than necessary, resulting in
excessive cooling capacity of the cooling device 26.
Thus, such a situation is unfavorable from the viewpoint
of energy saving.

[0064] Accordingtothe presentembodiment,whenthe
sheet temperature T, after fixing is above the target
range, it can be discriminated whether the sheet temper-
ature T3 after cooling is above the target range or the
sheet temperature T, after cooling is in the target
range. Therefore, at this time, in a case where the sheet
temperature T 5 after cooling is above the target range,
control of lowering the fixing temperature of the fixing
device 25 enables adjustment of the sheet temperature
Teurz after fixing into the target range and adjustment of
the sheet temperature T 5 after cooling into the target
range. Moreover, in a case where the sheet temperature
T.ur3 after cooling is in the target range, control of low-
ering the fixing temperature of the fixing device 25 ena-
bles adjustment of the sheettemperature T, after fixing
into the target range, and additionally control of lowering
the cooling capacity of the cooling device 26 enables
retention of the sheet temperature T3 after cooling in
the target range with inhibition of consumption energy in
the cooling device 26.

[0065] Furthermore, according to the embodiment, for
the temperature T, 5 of the recording sheet S after cool-
ing, used is an estimate from the post-cooling tempera-
ture estimation unit 120, instead of an actual measured
value from a temperature sensor. Thus, even under a
situation where the temperature sensor cannot be in-
stalled, the temperature control according to the present
embodiment described above is possible. Moreover,
even under a situation where the temperature sensor can
be installed, cost-cutting can be achieved without instal-
lation of the temperature sensor.

[0066] Next, estimation processing of estimating the
temperature T3 of the recording sheet S after cooling
in the post-cooling temperature estimation unit 120, will
be described. The post-cooling temperature estimation
unit 120 according to the present embodiment estimates
the temperature T 5 of the recording sheet S after cool-
ing with a model optimized by machine learning (pre-
trained model). However, the post-cooling temperature
estimation unit 120 is not limited to this, and thus may
estimate the temperature T3 of the recording sheet S
after cooling with a different method (method with a com-
puter program programmed by humans).

[0067] Note that manifold are factors having influence
on the temperature T3 of the recording sheet S after
cooling. Furthermore, such factors often influence each
other. Thus, use of an estimation program created by
machine learning (pre-trained model) is advantageous
to estimation with higher accuracy.

[0068] A method of creating a pre-trained model as an
estimation program that a computer device executes in
the post-cooling temperature estimation unit 120, will be
described. The pre-trained model in the present embod-
iment estimates the temperature of the recording sheet
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S (temperature T3 of the recording sheet S after cool-
ing) downstream of the cooling device 26 in the sheet
conveyance direction (second point), on the basis of var-
ious types of data, such as detection results from sensors
including the various types of temperature sensors in-
stalled in the printer 100, input information from a user
(operation information to an input panel 130), and pre-
determined setting values. Thus, according to the
present embodiment, the printer 100 as a test machine
is equipped with a measuring instrument that measures
(actually measures) the temperature T3 of the record-
ing sheet S after cooling. Created is a large amount of
data for learning including the various types of data, de-
scribed above, acquired in the printer 100 and a meas-
ured value from the measuring instrument. A model is
caused to learn with a data set for learning including such
a large amount of data for learning, resulting in creation
of the pre-trained model described above.

[0069] According tothe presentembodiment, used are
various types of data detected by, for example, the tem-
perature sensors 101, 102, and 103 that each detect the
sheet temperature, temperature sensors that detect the
temperatures of members or the temperature of atmos-
phere (e.g., the fixing-belt temperature sensor 25h, the
temperature sensors that detect the temperatures in the
vicinity of the developing devices, and the temperature
sensor that detects the temperature in the vicinity of the
pair of discharging rollers), and a humidity sensor that
detects humidity, installed in the printer 100.

[0070] Then, according to the present embodiment,
learning is performed by input of data for learning to a
mathematical model called a neural network, resulting in
calculation of an optimum model that estimates the tem-
perature T3 of the recording sheet S after cooling. In
machine learning, an algorithm automatically determines
parameters for the model such that the output to input
data is optimized.

[0071] Here, the sheet temperature as a target to be
estimated in the present embodiment is considerably in-
fluenced by the temperature-related characteristics of
the recording sheet S, specifically, the values of physical
properties, such as the surface property, material, basis
weight, and thermal conductivity of the recording sheet
S, and an environment-dependent value, such as water
content. Such influence is obvious from, as illustrated in
FIG. 6, the fact that the target value for the fixing tem-
perature (optimum fixing temperature) varies between
different brands of recording sheets S. For example,
coated paper is smaller in surface roughness than plain
paper and has difficulty in acquiring anchor effect. Thus,
a larger quantity of heat is required for fixing toner onto
a sheet. Moreover, synthetic paper, metallic paper, and
a plastic medium are smaller in surface roughness, and
thus a larger quantity of heat is required. Similarly, the
difference in surface-layer material or thermal conduc-
tivity, causes difference in the quantity of heat necessary
for fixing toner. Thus, in a case where the target value
for the fixing temperature is changed in accordance with
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types of recording sheets S, the temperature T, 5 of the
recording sheet S after cooling varies in accordance with
the changed target value.

[0072] Therefore, in a case where the target value for
the fixing temperature is changed in accordance with
types of recording sheets S, as data for learning for use
in machine learning, addition of the values of physical
properties of the recording sheet S, such as the surface-
layer material, basis weight, surface roughness, wetta-
bility, and thermal conductivity, enables higher-accuracy
estimation processing.

[0073] As above, according to the present embodi-
ment, exemplarily, with no temperature sensor that de-
tects the temperature of the recording sheet S (sheet
temperature T3 after cooling) downstream of the cool-
ing device 26 in the sheet conveyance direction (second
point), used is an estimate for the sheettemperature after
cooling, estimated by the post-cooling temperature esti-
mation unit 120. However, an estimate may be used in-
stead of a temperature sensor that detects the temper-
ature of the recording sheet S at a different point. For
example, a temperature sensor that detects the sheet
temperature T 5 after cooling is provided, and an actual
measured value may be used for the sheet temperature
T.urs after cooling. Meanwhile, with no temperature sen-
sor that detects the sheet temperature T, after fixing,
an estimate may be used as the sheet temperature T,
after fixing.

[0074] Moreover, according to the present embodi-
ment, exemplarily, the temperature of the fixing device
25 (temperatures of the fixing belt 25a and the pressing
roller 25e) is controlled on the basis of an actual meas-
ured value from the post-fixing temperature sensor 103
that detects the temperature of the recording sheet S
(sheet temperature T, after fixing) between the fixing
device 25 and the cooling device 26 (first point). Mean-
while, the temperature of the cooling device 26 (temper-
ature of the cooling roller 26a) is controlled on the basis
of an estimate for the temperature of the recording sheet
S (sheet temperature T3 after cooling) downstream of
the cooling device 26 in the sheet conveyance direction
(second point). However, targets to be controlled are not
limited to those members.

[0075] Forexample, a configurationin which atemper-
ature sensor that detects the temperature of the record-
ing sheet S (sheet front-face temperature after fixing) at
a point on the front side between the fixing device 25 and
the cooling device 26 (first point) is provided and the tem-
perature of the fixing belt 25a is controlled on the basis
of an actual measured value therefrom, and additionally,
with no temperature sensor that detects the temperature
of the recording sheet S (sheet back-face temperature
after fixing) at a point on the back side between the fixing
device 25 and the cooling device 26 (second point), the
temperature of the pressing roller 25e is controlled on
the basis of an estimate therefor can be adopted.
[0076] The descriptions given above are exemplary,
and a unique effect is provided by every aspect below.
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First Aspect

[0077] According to a first aspect, an image forming
apparatus (e.g., the printer 100) includes: a plurality of
temperature-influence members (e.g., the fixing belt 25a,
the pressing roller 25e, and the cooling roller 26a) having
influence on a temperature of a recording medium (e.g.,
the recording sheet S) on which an image is formed; a
first-point temperature acquisition unit (e.g., the post-fix-
ing temperature sensor 103) configured to detect or es-
timate a temperature of the recording medium (e.g., the
sheet temperature T, after fixing) at a first point (e.g.,
between the fixing device 25 and the cooling device 26);
a second-point temperature estimation unit (e.g., the
post-cooling temperature estimation unit 120) configured
to estimate a temperature of the recording medium (e.g.,
the sheet temperature T,.5 after cooling) at a second
point (e.g., downstream of the cooling device 26 in the
sheet conveyance direction), based on a detection result
from a temperature detection unit (e.g., the pre-fixing
temperature sensor 102, the post-fixing temperature
sensor 103, the fixing-belt temperature sensor 25h, or
the sheet-feeding temperature sensor 101) configured
to detect at least one of a temperature of the recording
medium at a point different from the second point (e.g.,
the sheet temperature T4 before fixing or the sheet
temperature T, after fixing) and a temperature of a
member (e.g., the fixing belt 25a) or atmosphere (e.g.,
inside the paper bank 43); and a controller (e.g., the tem-
perature control unit 110) configured to control the plu-
rality of temperature-influence members, based on an
acquisition result from the first-point temperature acqui-
sition unit and an estimation result from the second-point
temperature estimation unit. According to the present as-
pect, for control of the plurality of temperature-influence
members, used are the temperature of the recording me-
dium at the first point detected or estimated by the first-
point temperature acquisition unit and the temperature
of the recording medium at the second point estimated
by the second-point temperature estimation unit. Thus,
even in a case where itis difficult to install a temperature
detection unit configured to detect in practice the tem-
perature of the recording medium, at the second point
that is a point suitable for temperature detection, a tem-
perature-influence member proper to control on the basis
of the temperature of the recording medium at the second
point, can be subjected to the control.

[0078] Note that the temperature at the first point may
be estimated instead of being detected, similarly to the
estimation at the second point.

Second Aspect

[0079] Accordingtoasecondaspect,inthefirstaspect,
the plurality of temperature-influence members include:
a heating member (e.g., the fixing belt 25a) configured
to heat the recording medium to fix the image on the
recording medium; and a cooling member (e.g., the cool-
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ing roller 26a) configured to cool the recording medium
after fixing.

[0080] According to the second aspect, evenin a case
where it is difficult to install a temperature detection unit
configured to detect a recording-medium temperature
proper for control of either the heating member or the
cooling member, the either member can be controlled on
the basis of the temperature.

Third Aspect

[0081] According to a third aspect, in the second as-
pect, one of the first point and the second pointis a point
between the heating member and the cooling member
on a recording-medium conveyance path, and the other
is a point downstream of the cooling member on the re-
cording-medium conveyance path in a recording-medi-
um conveyance direction.

[0082] According to the third aspect, the heating mem-
ber and the cooling member each can be controlled on
the basis of the temperature of the recording medium at
a proper point.

Fourth Aspect

[0083] According to a fourth aspect, in any of the first
to third aspects, the plurality of temperature-influence
members include: a heating member (e.g., the fixing belt
25a) configured to heat the recording medium to fix the
image on the recording medium; and a pressing member
(the pressing roller 25e) configured to pinche the record-
ing medium between the heating member and the press-
ing member to press the recording medium. According
to the fourth aspect, even in a case where it is difficult to
install a temperature detection unit configured to detect
a recording-medium temperature proper for control of ei-
ther the heating member or the pressing member, the
either member can be controlled on the basis of the tem-
perature.

Fifth Aspect

[0084] According to a fifth aspect, in the fourth aspect,
one of the first point and the second point is a point on a
front side of the recording medium downstream of the
heating member in a recording-medium conveyance di-
rection, and the other is a point on a back side of the
recording medium downstream of the heating member
in the recording-medium conveyance direction.

[0085] According to the fifth aspect, the heating mem-
ber and the pressing member each can be controlled on
the basis of the temperature of the recording medium at
a proper point.

Sixth Aspect

[0086] According to a sixth aspect, in any of the first to
fifth aspects, the second-point temperature estimation
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unit is configured to cause a computer to execute an es-
timation program having learnt with a plurality of data for
learning including detection results from a temperature
detection configured to detect at least one of a temper-
ature of a recording medium at the point different from
the second point and a temperature of a recording-me-
dium contact member configured to contact with the re-
cording medium and detection results from atemperature
detection unit configured to detect a temperature of the
recording medium at the second point, to perform the
estimation.

[0087] According to the sixth aspect, even in a case
where manifold are factors having influence on the tem-
perature of the recording medium at the second point
thatis a target to be estimated and additionally the factors
influence each other, the temperature of the recording
medium at the second point can be estimated with higher
accuracy.

Seventh Aspect

[0088] According to a seventh aspect, the image form-
ing apparatus in any of the first to sixth aspects, further
includes an acquisition unit (e.g., the input panel 130)
configured to acquire temperature-related information re-
garding the recording medium (e.g., the values of phys-
ical properties of the recording sheet S), in which the
second-point temperature estimation unit is configured
to estimate the temperature of the recording medium at
the second point, based on also the temperature-related
information acquired by the acquisition unit. According
to the seventh aspect, the temperature of the recording
medium at the second point can be estimated with higher
accuracy.

Eighth Aspect

[0089] According to an eighth aspect, in the seventh
aspect, the second-point temperature estimation unit is
configured to cause a computer to execute an estimation
program having learnt with a plurality of data for learning
including detection results from a temperature detection
unit configured to detect at least one of a temperature of
arecording medium at the point different from the second
point and a temperature of a recording-medium contact
member configured to contact with the recording medi-
um, temperature-related information regarding the re-
cording medium, and detection results from a tempera-
ture detection unit configured to detect a temperature of
the recording medium at the second point, to perform the
estimation.

[0090] According to the sixth aspect, even in a case
where manifold are factors having influence on the tem-
perature of the recording medium at the second point
thatis a target to be estimated and additionally the factors
influence each other, the temperature of the recording
medium at the second point can be estimated with higher
accuracy.
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[0091] The above-described embodimentsareillustra-
tive and do not limit the present invention. Thus, numer-
ous additional modifications and variations are possible
in light of the above teachings. For example, at least one
element of different illustrative and exemplary embodi-
ments herein may be combined with each other or sub-
stituted for each other within the scope of this disclosure
and appended claims. Further, features of components
of the embodiments, such as the number, the position,
and the shape are not limited the embodiments and thus
may be preferably set. It is therefore to be understood
that within the scope of the appended claims, the disclo-
sure of the present invention may be practiced otherwise
than as specifically described herein.

[0092] The method steps, processes, or operations de-
scribed herein are not to be construed as necessarily
requiring their performance in the particular order dis-
cussed or illustrated, unless specifically identified as an
order of performance or clearly identified through the con-
text. It is also to be understood that additional or alterna-
tive steps may be employed.

[0093] Further, any of the above-described apparatus,
devices or units can be implemented as a hardware ap-
paratus, such as a special-purpose circuit or device, or
as a hardware/software combination, such as a proces-
sor executing a software program.

[0094] Further, as described above, any one of the
above-described and other methods of the present in-
vention may be embodied in the form of a computer pro-
gram stored in any kind of storage medium. Examples
of storage mediums include, but are notlimited to, flexible
disk, hard disk, optical discs, magneto-optical discs,
magnetic tapes, nonvolatile memory, semiconductor
memory, read-only-memory (ROM), etc.

[0095] Alternatively, any one of the above-described
and other methods of the present invention may be im-
plemented by an application specific integrated circuit
(ASIC), a digital signal processor (DSP) or a field pro-
grammable gate array (FPGA), prepared by intercon-
necting an appropriate network of conventional compo-
nent circuits or by a combination thereof with one or more
conventional general purpose microprocessors or signal
processors programmed accordingly.

[0096] Each of the functions of the described embod-
iments may be implemented by one or more processing
circuits or circuitry. Processing circuitry includes a pro-
grammed processor, as a processor includes circuitry. A
processing circuit also includes devices such as an ap-
plication specific integrated circuit (ASIC), digital signal
processor (DSP), field programmable gate array (FPGA)
and conventional circuit components arranged to per-
form the recited functions.

Claims

1. Animage forming apparatus comprising:
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a plurality of temperature-influence members
havinginfluence on atemperature of a recording
medium on which an image is formed;

a first-point temperature acquisition unit config-
ured to detect or estimate a temperature of the
recording medium at a first point;

a second-point temperature estimation unit con-
figured to estimate a temperature of the record-
ing medium at a second point, based on a de-
tection result of at least one of a temperature of
the recording medium at a point different from
the second pointand a temperature of a member
or atmosphere; and

a controller configured to control the plurality of
temperature-influence members, based on an
acquisition result from the first-point tempera-
ture acquisition unit and an estimation result
from the second-point temperature estimation
unit.

The image forming apparatus according to claim 1,
wherein

the plurality of temperature-influence members in-
clude:

a heating member configured to heat the record-
ing medium to fix the image on the recording
medium; and

a cooling member configured to cool the record-
ing medium after fixing.

The image forming apparatus according to claim 2,
wherein

one of the first point and the second point is a point
between the heating member and the cooling mem-
ber on a recording-medium conveyance path, and
anotheris a pointdownstream of the cooling member
on the recording-medium conveyance path in a re-
cording-medium conveyance direction.

The image forming apparatus according to any one
of claims 1 to 3, wherein

the plurality of temperature-influence members in-
clude:

a heating member configured to heat the record-
ing medium to fix the image on the recording
medium; and

a pressing member configured to pinch the re-
cording medium between the heating member
and the pressing member to press the recording
medium.

The image forming apparatus according to claim 4,
wherein

one of the first point and the second point is a point
on a front side of the recording medium downstream
of the heating member in a recording-medium con-
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veyance direction, and another is a point on a back
side of the recording medium downstream of the
heating member in the recording-medium convey-
ance direction.

The image forming apparatus according to any one
of claims 1 to 5, wherein

the second-point temperature estimation unitis con-
figured to cause a computer to execute an estimation
program to perform the estimation, the estimation
program having learnt with a plurality of data for
learning including detection results from a tempera-
ture detection unit configured to detect at least one
of a temperature of a recording medium at the point
different from the second point and a temperature of
a recording-medium contact member configured to
contact with the recording medium, and detection
results from a temperature detection unit configured
to detect a temperature of the recording medium at
the second point.

The image forming apparatus according to any one
of claims 1 to 6, further comprising:

an acquisition unit configured to acquire temper-
ature-related information regarding the record-
ing medium, wherein

the second-point temperature estimation unitis
configured to estimate the temperature of the
recording medium at the second point, based
on also the temperature-related information ac-
quired by the acquisition unit.

The image forming apparatus according to claim 7,
wherein

the second-point temperature estimation unitis con-
figured to cause a computer to execute an estimation
program to perform the estimation , the estimation
program having learnt with a plurality of data for
learning including detection results from a tempera-
ture detection unit configured to detect at least one
of a temperature of a recording medium at the point
different from the second point and a temperature of
a recording-medium contact member configured to
contact with the recording medium, temperature-re-
lated information regarding the recording medium,
and detection results from a temperature detection
unit configured to detect a temperature of the record-
ing medium at the second point.
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