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RECORDING-MATERIAL TYPE
DETERMINATION APPARATUS AND
METHOD AND IMAGE FORMING
APPARATUS

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

Notice: More than one reissue application has been filed
for the veissue of U.S. Pat. No. 6,801,727. The reissue appli-
cations ave (1) veissue application Ser. No. 11/104,643 filed
on Apr. 13, 2005 (the present application) and (2) 12/203,
464 filed on Sep. 3, 2008, which is a continuation of reissue
application 11/104,643.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a recording-material type
determination apparatus, recording-material type determina-
tion method, and 1image forming apparatus such as a copier
or laser printer which controls 1imaging conditions using the
recording-material type determination apparatus.

2. Related Background Art

An i1mage forming apparatus such as a copier or laser
printer comprises a latent-image bearing member which
bears a latent 1image, a developing apparatus which visual-
1zes the latent image as a developer image (developed
image) by applying developer to the latent-image bearing
member, transierring means which transfers the developer
image formed by the developing apparatus to recording
material conveyed 1n a predetermined direction, and a fixing,
apparatus which fixes the developer image on the recording
material by applying heat and pressure to the recording
material under predetermined fixing conditions aiter the
developer 1image has been transterred to the recording mate-
rial by the transferring means.

Conventionally, such an 1mage forming apparatus controls
to set fixing conditions (e.g. fixing temperature and convey-
ing speed of the recording paper passing through the fixing
apparatus) according to user settings after the user sets a size
and type (also called a paper type) of the recording paper,
which 1s recording material, on a control panel or the like

installed, for example, on the image forming apparatus main
body.

Alternatively, an 1mage forming apparatus incorporates a
sensor for determining recording material and controls
developing conditions, fixing conditions or transier condi-
tions variably according to the type of recording material.

In the latter case, in particular, Japanese Patent Applica-
tion Laid-Open No. 11-27103, for example, proposes a tech-
nique for picking up a surtace picture of recording material
using a CCD sensor, converting i1t into fractal dimension
information, and thereby detecting the surface flatness of the
recording material.

However, the image forming apparatus has the following
problems.

1) When calculations are performed using fractal
dimensions, picture mformation is binarized according to a
certain threshold and the number of black pixels 1s counted
based on the binarized information. Then, the picture infor-
mation 1s visualized roughly and binarized similarly and the
number of black pixels 1s counted again based on the bina-
rized information. This process 1s repeated several times,
taking a very long calculation time.
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Therelore, especially it surface flatness varies widely
within one sheet of recording material, video 1images of a
plurality of points on the recording material need to be
detected. In such a case, 1t takes time to detect the surface
flatness of the recording material, reducing the throughput
(the number of prints per unit time) of the image forming
apparatus

2) The calculation method, 1f implemented by a hardware
circuit, will increase the scale of the circuit, reducing the
cost-elfectiveness of the image forming apparatus signifi-
cantly.

3) Furthermore, 11 implemented by a software, the calcu-
lation method, which binarizes captured images and per-
forms calculation, binarizes the, resulting 1mages and per-
forms calculation, and so on, requires a memory (RAM) to
buifer the captured images and the images resulting from
calculations. Especially 1f a sensor with increased pixel
counts 1s used to mmprove detection accuracy, the bufler
memory will increase 1n size, reducing the cost-eflectiveness
of the image forming apparatus significantly.

SUMMARY OF THE INVENTION

The present invention has been made in view of the above
circumstances. Its object 1s to provide a recording-material
type determination apparatus and recording-matenal type
determination method which can determine the type of
recording maternial (1.e., determine the flatness of recording
material) using simple calculations as well as to provide an
image forming apparatus capable of obtaining stable image
quality independent of the type of recording material using
the apparatus and method.

Another object of the present invention 1s to provide a
recording material type determination apparatus comprising;:
a light emit unit, adapted to illuminate a surface of recording
material; a read unit, adapted to read an illuminated region
on the surface of the recording material as a video 1mage; a
first calculation unit adapted to calculate information about
depth of 1rregularities in the surface of the recording material
based on video information read by the read unit; a second
calculation unit adapted to calculate information about spac-
ing of irregularities on the surface of the recording material
based on the video information read by the read unit; and a
determination unit adapted to determine a type of recording
material based on calculation results produced by the first
calculation unit and the second calculation unit.

Yet another object of the present invention 1s to provide a
recording-material type determination apparatus compris-
ing: an mput unit adapted to input a video 1mage of a surface
of recording material; a first calculation unit adapted to cal-
culate information about depth of 1rregularities 1n a surface
ol the recording material based on video mformation mnput-
ted 1n the mput unit; a second calculation unit adapted to
calculate information about spacing of irregularities on the
surface of the recording material based on the video infor-
mation inputted 1n the input unit; and a determination unit
adapted to determine a type of recording material based on
calculation results produced by the first calculation unit and
the second calculation unit.

Yet another object of the present invention 1s to provide a
recording-material type determination method comprising: a
read step of reading a surface of recording material as a
video 1mage; a first calculation step of calculating informa-
tion about depth of 1irregularities 1n the surface of the record-
ing material based on results of the read step; a second cal-
culation step of calculating information about spacing of
irregularities on the surface of the recording material based
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on the results of the read step; and a determination step of
determining a type of recording material based on calcula-
tion results produced in the first calculation step and the
second calculation step.

Yet another object of the present invention 1s to provide an
image forming apparatus comprising: a conveyor adapted to
convey recording material; an 1mage forming unit which
forms an 1mage on the recording material conveyed by the
conveyor; a light emit unit, adapted to illuminate a surface of
recording material; a read unit, adapted to read an 1llumi-
nated region on the surface of the recording material as a
video 1mage; a first calculation umt adapted to calculate
information about depth of 1irregularities in the surface of the
recording material based on video information read by the
read unit; a second calculation unit adapted to calculate
information about spacing of irregularities on the surface of
the recording material based on the video information read
by the read unit; a determination unit adapted to determine a
type of recording material based on calculation results pro-
duced by the first calculation unit and the second calculation
unit; and a controller which controls 1mage forming condi-
tions of the image forming unit based on the type of record-
ing material determined by the determination unit.

Other objects, features and advantages of the present
invention will become readily apparent from the following
detailed description taken 1n conjunction with the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing configuration of a first
example;

FIG. 2 1s a diagram showing schematic configuration of
an 1mage sensor;

FIGS. 3A, 3B, 3C, 3D, 3E and 3F are diagrams showing
surface 1mages of recording materials;

FIG. 4 1s an explanatory diagram of first calculation
means;

FIG. 5 1s an explanatory diagram of second calculation
means;

FIG. 6 1s a block diagram showing circuit configuration of
a CMOS area sensor;

FIG. 7 1s a diagram showing determination results of
recording materials;

FIG. 8 1s a sectional view showing schematic configura-
tion of a second example;

FI1G. 9 1s a control block diagram of the second example;
and

FI1G. 10 1s a control block diagram of a third example.

DESCRIPTION OF THE PR
EMBODIMENTS

L1

FERRED

A preferred embodiment of the present invention will be
described 1n detail below citing examples of a “recording-
material type determination apparatus”™ and “1mage forming,
apparatus.” Incidentally, the present invention can be 1mple-
mented not only as apparatus, but also as methods, being
backed up by the description of the examples.

EXAMPLES

Example 1

FIG. 1 1s a block diagram showing configuration of a
“recording-material type determination apparatus” accord-
ing to a first example.
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4

First, with reference to FIG. 1, description will be given of
a control circuit block which performs first calculation and
second calculation and determines the type of recording
material.

In the figure, reference numeral 701 denotes a CPU which
serves as a determination part, 702 denotes a control circuit,
703 denotes a CMOS area sensor, 704 denotes an interface
control circuit, 705 denotes a calculation circuit, 706 denotes
a register A which stores results of calculation on the amount
ol irregularities in the surface of recording material carried
out by first calculation means (means of calculating the
depth of 1rregularities in the surface of recording materal),
707 denotes a register B which stores results of calculation
on the edge amount of irregularities 1n the surface of record-
ing material carried out by second calculation means (means
of calculating the spacing of irregularities on the surface of
recording material), 708 denotes a control register. Refer-
ence numeral 709 denotes a ROM (memory part) which pre-
stores programs to be executed by the CPU 701 as well as
reference imformation about various recording materials
(described later).

Operation will be described next. When the CPU 701
istructs the control register 708 to operate the CMOS area
sensor 703, the CMOS area sensor 703 starts picking up
(taking) a picture of the recording material. In other words,
the CMOS area sensor 703 starts to accumulate charge.

The CMOS area sensor 703 1s selected at SL__select sent
by the interface control circuit 704, SYSCLK 1s generated at
a predetermined time, and digital image data picked up 1s
transmitted by the CMOS area sensor 703 using an SL__out
signal.

The imaging data recerved via the interface control circuit
704 1s calculated by the calculation circuit 703 1n the control
circuit 702 using a first calculation method described later
and the results are stored 1n the register A 706 as the amount
of 1rregularities 1n the surface of the recording material.

The imaging data recerved via the interface control circuit
704 and calculated by the calculation circuit 705 1n the con-
trol circuit 702 using a second calculation method described
later 1s stored in the register B 707 as the edge amount of
irregularities 1n the surface of the recording material. The
CPU 701 judges the type of recording material based on the
values of the two registers A and B.

Next, the CMOS area sensor 703 serving as an i1mage
sensor will be described with reference to FIG. 2.

In the figure, reference numeral 30 denotes a sensor unit,
31 denotes a recording-paper convey guide, 32 denotes
recording material, 33 denotes an LED serving as lighting
means, 34 denotes a CMOS area sensor, and 35 and 36
denote lenses.

Light from the LED light source 1lluminates the surface of
the convey guide 31 or the surface of the recording material

32 via the lens 35.

Reflected light from the recording material 32 is collected
via the lens 36 and 1s focused onto the CMOS area sensor 34
to allow a surface 1image to be read from the recording-paper
convey guide 31 or recording material 32. At this time, the
LED 33 1s placed 1n such a way that its light will fall on the
surface of the recording material at an oblique angle as
shown 1n the figure.

Reference numerals 43 to 45 1n FIGS. 3A to 3F denote
images resulting from digital processing of surface images
read by the 8x8 pixels CMOS area sensor 34 from the
recording material. The digital processing consists of con-
verting analog output of a sensor part of the CMOS area
sensor 34 mto 8-bit pixel data by means of A/D conversion.
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Reference numeral 40 denotes recording material A,
so-called rough paper, whose surface fibers are relatively
rough. Reference numeral 41 denotes recording material B,
so-called plain paper, which 1s 1n common use. Reference
numeral 42 denotes an enlarged view of a surface of record-
ing material C, so-called gloss paper, whose fibers have been
compressed adequately. These 1mages, after being read by
the CMOS area sensor and subjected to digital processing,

result 1n the 1mages 43 to 43.

In this way, surface images vary with the type of recording
material. This 1s caused by differences 1n surface conditions
of paper fibers. Specifically, raised fibers cast shadows when
the paper surface 1s 1lluminated at an oblique angle whereas
smooth fibers do not. The video images 43 to 45 are obtained
as a result of this phenomenon.

Next, with reference to FIG. 4, description will be given
ol how the calculation circuit 705 as first calculation means
calculates the depth of irregularities 1n the surface of record-
ing material (hereimnaiter referred to simply as the amount of
irregularities). In FIG. 4, reference numeral 50 denotes an
image obtained by digitally processing a video 1mage of the
surface of the recording material.

Analog data outputted from the sensor part of the CMOS
area sensor 1s converted into 8-bit pixel data by means of
A/D conversion. The 8-bit data 1s determined 1n proportion
to the brightness of the image.

Reference numeral 51 denotes the darkest part 1n the first
line of the 8x8 pixels. Its value 1s ‘80’h 1n the example of
FIG. 4. Reference numeral 52 denotes the brightest part 1n
the first line of the 8x8 pixels. Its value 1s ‘10’h in the
example of FI1G. 4. The difference between the two values 1s
‘80°’h—-°10"h="70"h.

Thus, the difference (contrast) between the maximum
value and minimum value 1n the first line 1s *70°b.

Similarly, reference numeral 53 denotes the darkest part 1n
the second line. Its value 1s ‘80°b. Reference numeral 54
denotes the brightest part in the second line. Its value 1is
‘20°h. The difference 1s ‘80°h-°20"b="60"h.

Reference numeral 55 denotes the darkest part in the
cighth line. Its value 1s ‘80°h. Reference numeral 56 denotes
the brightest part in the eighth line. Its value 1s ‘10°h. The
difference 1s ‘80°h-°10"h="70"h.

The difference between the maximum value and mini-
mum value 1s added for each line and the resulting value for
all the lines 1s defined as the result of the calculation carried
out by the first calculation means on the amount of irregu-
larities 1n the surface of the recording matenal.

Next, with reference to FIG. §, description will be given
of how the calculation circuit 705 as second calculation
means calculates the spacing of irregularities on the surface
of the recording material (edge amount).

Reference numeral 50 denotes an 1mage obtained by digi-
tally processing the surface of the recording material. Refer-
ence numeral 60 denotes an 1mage obtained by binarizing
8x8 pixels picked up at the next sampling time using, as a
threshold, an average calculated from the image 50 picked
up beforehand at the previous sampling time.

Edge numbers obtained as a result of binarization are as
tollows. Retference numeral 61 denotes the edge number 1n
the first line, which 1s ‘05’h 1n this example. Reference
numeral 62 denotes the edge number 1n the second line,
which 1s ‘03°h 1n this example.

Similarly, reference numeral 63 denotes the edge number
in the eighth line, which 1s ‘03’h 1n this example.

The edge number 1s counted for each line and the resulting
value for all the lines 1s defined as the result of the calcula-
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6

tion carried out by the second calculation means on the edge
amount on the surface of the recording material.

Incidentally, the edge amount of irregularities 1s inversely
proportional to the spacing of irregularities and in this
example, information about the spacing of irregularities 1s
obtained by calculating the edge amount.

The CMOS area sensor 703 will be described with refer-
ence to FI1G. 6.

FIG. 6 1s a block diagram showing configuration of the
CMOS area sensor 703. In the figure, reference numeral 601
denotes a CMOS area sensor part where, for example, sen-
sors for 8x8 pixels are arranged 1 a matrix. Reference
numerals 602 and 603 denote vertical shift registers, 604
denotes an output buifer, 605 denotes a horizontal shift
register, 606 denotes a system clock, 607 denotes a timing
generator.

Operation will be described next. When an SL__select s1g-
nal 613 becomes active, the CMOS sensor part 601 starts
accumulating charge based on recerved light. Next, when the
system clock 606 1s generated, the vertical shift registers 602
and 603 sequentially select columns of pixels to be read
based on the timing generator 607 and put the data in the
output butler 604 in sequence.

The data placed 1n the output builer 604 1s transferred to
an A/D converter 608 by the horizontal shiit register 605.
After digital conversion by the A/D converter 608, resulting
pixel data 1s controlled with predetermined timing by an
output interface circuit 609 and outputted as the SL_ out
signal 610 during a period when the SL__select signal 613 1s
active.

On the other hand, a control circuit 611 can control A/D
conversion gain variably using an SL_ 1n signal 612. For
example, 11 contrast of an 1image 1s not available, the CPU
701 can pick up the 1image always using the best contrast by
changing gain.

Next, with reference to FIG. 7, description will be given
of how the CPU 701 determines the type of recording mate-
rial based on two register values.

FIG. 7 1s a diagram showing distribution of recording
maternals together with video images of their actual surfaces,
wherein the horizontal axis represents the value of the regis-
ter A, 1.e., the result of calculation carried out by the first
calculation means on the amount of irregularities 1n the sur-
face of the recording material while the vertical axis repre-
sents the value of the register B, 1.e., the result of calculation
carried out by the second calculation means on the edge
amount of 1rregularities 1n the surface of the recording mate-
rial.

Retference numeral 801 denotes gloss paper, 802 denotes
plain paper, 803 denotes rough paper, and 804 denotes OHT.

As shown 1n the figure, in the case of the gloss paper 801,
which has high surface tlatness, the value of the register A 1s
small and the value of the register B 1s large.

In the case of the plain paper 802, the value of the register
A 1s larger than that of the gloss paper 801 and the value of
the register B 1s smaller than that of the gloss paper 801 as
can be seen from the video image of 1ts surface.

Similarly, the rough paper 803 has a larger register A
value than the plain paper 802 and a smaller register B value
than the plain paper 802.

On the other hand, since OHT 1s transparent, the black
convey guide located below the OHT produces a dark image.
Consequently, the values of both register A and register B
are small and OHT occupies the position shown in FIG. 7.

Prescribed reference information about the amount of
irregularities and the edge amount of irregularities of each
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recording material 1s prestored 1n the ROM (memory unit)
709 shown 1n FI1G. 1. The CPU 701 reads the value stored 1n
the resister A and value stored in the resister B 1n sequence
by sending a read signal to the control register and then
determines the type of recording material by comparing

these values with the reference information stored in the
ROM (memory unit) 709.

In this way, the CPU 701 can detect surface
characteristics, etc, of various recording materials by com-
paring the value of the register A, 1.e., the result of calcula-
tion carried out by the first calculation means on the amount
of irregularities in the surface of the recording material and
the value of the register B, 1.e., the result of calculation car-
ried out by the second calculation means on the edge amount
of irregularities on the surface of the recording material with
the information stored 1n the ROM (memory unit) 709. Thus,
it can determine recording material by distinguishing among
gloss paper, plain paper, rough paper and OHT.

In particular, the use of the edge amount of 1rregularities

makes 1t possible to distinguish between the gloss paper 801
and OHT 804.

Example 2

FIG. 8 1s a sectional view showing configuration of an
“1mage forming apparatus” according to a second example.
The recording-material type determination apparatus used 1n
this example 1s the same as the first example, and thus its
description will be quoted.

In FIG. 8, reference numeral 101 denotes an 1mage form-
ing apparatus; 102 denotes a paper cassette; 103 denotes a
paper feeding roller; 104 denotes a transierring-belt driving,
roller; 105 denotes a transferring belt; 106 to 109 denote
yellow, magenta, cyan and black photosensitive drums; 110
to 113 denote transierring rollers; 114 to 117 denote yellow,
magenta, cyan and black cartridges; 118 to 121 denote
yellow, magenta, cyan and black optical units; and 122
denotes a fixing unit.

Using an electrophotographic process, the image forming
apparatus according to this example transiers yellow,
magenta, cyan and black images onto recording paper by
superimposing them and thermally fixes the toner images by
a fixing roller under temperature control.

The optical units for imndividual colors scan the respective
photosensitive drums by exposing their surface to a laser
beam to form latent 1mages. These scanning operations for
forming 1mages are synchromized so that images will be
transierred from preset positions on conveyed recording
paper.

Furthermore, the image forming apparatus comprises a
paper feeding motor which feeds and conveys recording
paper which 1s a recording material, transferring-belt driving,
motor which drives the transferring-belt driving roller,
photosensitive-drum driving motor which drives the photo-
sensitive drums for color ks and transferring roller, and
fixing-roller driving motor which drives the fixing roller.

Reference numeral 123 denotes an 1image sensor which
illuminates the surface of recording paper being fed and
conveyed, collects and focuses the light reflected from the
surface, and thereby detects an 1image of a specific area on
the recording paper.

A control CPU (not shown) mounted on the image form-
ing apparatus fuses and fixes the toner 1mages on the record-
ing paper by giving a desired quantity of heat to the record-
ing paper using the fixing unit (part) 122.

Next, operation of the control CPU will be described with
reference to FI1G. 9.

10

15

20

25

30

35

40

45

50

55

60

65

8

FIG. 9 shows composition of units (parts) controlled by
the control CPU. In the figure, reference numeral 10 denotes
a CPU; 11 denotes a CMOS sensor; 12 to 15 denote optical
units which are equipped with a polygon mirror, motor and
laser, and paint desired latent 1images by scanning the sur-
faces of photosensitive drums with a laser; 16 denotes a
paper feeding motor which feeds recording paper; 17
denotes a paper feeding solenoid used to start a paper feed-
ing roller for feeding recording material; 18 denotes a paper
detecting sensor which detects whether or not recording
material 1s placed 1n position; 19 denotes a high voltage
power supply which controls primary electrification,
developing, primary transfer and a secondary transier bias
needed for an electrophotographic process; 20 denotes a
drum driving motor which drives the photosensitive drums
and transferring roller; 21 denotes a belt driving motor
which drives the transierring bell and fixing unit roller; and
22 denotes a fixing unit and low voltage power supply unit
which monitors temperature and keeps fixing temperature
constant using a thermistor (not shown) under the control of
the control CPU. Besides, reference numeral 24 denotes a
ROM (memory unit) which prestores programs to be
executed by the CPU 10 as well as reference information
about various recording materials.

Reference numeral 23 denotes an ASIC which controls
the speed of motors 1n the CMOS sensor 11 and optical units
12 to 15 as well as the speed of the paper feeding motor
under 1nstructions from the control CPU 10.

-

Io control the speed of the motors, tack signals from a
motor (not shown) are detected and acceleration signals or
deceleration signals are output to the motors such that the
interval between the tack signals has a predetermined dura-
tion. Thus, 1t 1s advantageous to implement the control cir-
cuit as a hardware circuit using the ASIC 23 1n that control

loads on the CPU 10 can be reduced.

Upon recerving a print command from a host computer
(not shown), the control CPU 10 makes the paper detecting,
sensor 18 judge whether or not recording material 1s present.
If paper 1s present, the control CPU 10 drives the paper
teeding motor 16, drum driving motor 20, belt driving motor
21 and paper feeding solenoid 17 to convey the recording
material mto position.

When the recording material 1s conveyed to the CMOS
sensor 11, the control CPU 10 instructs the ASIC 23 to make
the CMOS sensor 11 pick up an 1mage (taking a picture of a
surface). Consequently, the CMOS sensor 11 picks up a sur-
face 1mage of the recording material.

In so doing, the ASIC 23 sets SL__select (see FIG. 1)
active, outputs a predetermined SYSCLK pulse at a prede-

termined time, and captures imaging data outputted from the
CMOS sensor 11 using SL._ out.

The gain of the CMOS sensor 11 1s set as follows. When
the control CPU 10 sets a predetermined value 1n a register
in the ASIC 23, the ASIC 23 sets SL__select active, outputs a

predetermined SYSCLK pulse at a predetermined time, and
sets the gain of the CMOS sensor 11 using SL 1n.

The ASIC 23 comprises circuits which serve as the first
calculation means and the second calculation means
described 1n the first example and calculation results pro-
duced by them are stored 1n registers in the ASIC 23.

The CPU 10 reads the registers in the ASIC 23, deter-
mines the type of the recording material which has been fed,
and variably controls developing-bias conditions of the high
voltage power supply 19 according to the determined type.

For example, 1f the recording material used 1s so-called
rough paper whose surface fibers are relatively rough, the
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CPU 10 sets the developing bias to a lower value than 1n the
case of plain paper to prevent scattering of toner by reducing
the amount of toner sticking to the surface of the recording
material. This 1s done to solve the problem of degradation in
image quality caused by toner scattering from paper fibers
especially 1n the case of rough paper whose surface tend to
collect a large amount of toner.

Also, the CPU 10 determines the type of the recording
material which has been fed, and variably controls transier
conditions of transferring means according to the deter-
mined type.

Also, the CPU 10 determines the type of the recording
material which has been fed, and variably controls tempera-
ture conditions of the fixing unit 22 according to the deter-
mined type.

Especially 1n the case of OHT, this 1s effective 1n dealing
with the problem that low fixability of the toner sticking to
the recording material lowers the transparency of OHT.

Furthermore, the CPU 10 determines the type of the
recording material which has been fed, and variably controls
the conveying speed of the recording material according to
the determined type. The variable control of the conveying
speed 1s achieved as the CPU 10 sets the value of a speed
control register 1n the ASIC 23.

Especially in the case of OHT or gloss paper, this 1s effec-
tive 1n increasing the fixability of the toner which sticks to
the recording material, improving gloss, and thereby
improving image quality.

Thus, according to this example, the ASIC-based hard-
ware circuit performs first calculation and second calcula-
tion based on the surface image of the recording material
picked up by the CMOS area sensor, and the CPU vanably
controls the developing conditions and transier conditions of
the high voltage power supply, controlled-temperature con-
ditions of the fixing unit, or conveying speed of the record-
ing material based on the calculation results.

Example 3

FIG. 10 1s diagram showing composition of units con-
trolled by a control CPU 1n an “image forming apparatus”
according to a third example. The recording-material type
determination apparatus used in this example 1s the same as
the first example, and thus 1ts description will be quoted.

In FIG. 10, reference numeral 24 denotes a digital signal
processor. Reference numerals 11 to 22 denote the same
components as those described 1n the second example, and
thus description thereof will be omitted.

In this example, mstead of the control CPU described in
the second example, the digital signal processor (DSP)
directly controls the image forming apparatus including
motors as well as imaging information from the CMOS area
SENnsor.

Recently, the performance of DSPs has been improved
greatly. This has enabled real-time control including motor
control as well as high-speed arithmetic processing of 1imag-
ing information from CMOS area sensors, using a single

DSP chip.

The 1mage captured by the CMOS area sensor 11 1s pro-
cessed by the DSP 24 using the first calculation means and
the second calculation means. Consequently, the DSP 24
variably controls control conditions of the high voltage
power supply 19, fixing unit 22, drum driving motor 20 and
belt driving motor 21.

This makes 1t possible to simplity and downsize the con-
trol circuit of the image forming apparatus. Also, DSP-based
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software control makes 1t possible to adjust calculation
methods of the first calculation means and second calcula-
tion means flexibly.

For example, any contamination of the CMOS area sensor
11 or 1ts lens with dust or other foreign matter may degrade
the accuracy with which the surface characteristics of
recording maternial are detected based on results of calcula-
tions carried out by the first calculation means and second
calculation means.

The above problem can be solved by picking up an image
of the recording material as a reference 1mage before the
recording material passes through the CMOS area sensor 11
and subtracting the reference 1image from a surface image of
the recording material.

In this way, taking full advantage of the flexibility of DSP-
based control, image forming apparatus according to this
example can greatly improve the accuracy with which the
type and surface characteristics of recording material are
detected based on the calculations carried out by the first
calculation means and second calculation means.

As described above, the present invention provides a
recording-material type determination apparatus and
recording-material type determination method which can
determine the type of recording material using simple calcu-
lations as well as provides an image forming apparatus
capable of obtaining stable image quality independent of the
type of recording material using the apparatus and method.
Also, since the present invention determines the type of
recording material from two standpoints—mnamely, depth of
irregularities in the surface of the recording material and
spacing of irregularities on the surface of the recording
material, 1t can determine the type of recording material
more accurately.

The present invention has been described above citing a
tew preferred examples, but the present invention 1s not lim-
ited to these examples and i1t will be apparent that various
modifications and applications are possible within the scope
of the appended claims.

What 1s claimed 1s:

1. A recording-material type determination apparatus
comprising:

a light emit unit, adapted to illuminate a surface of record-

ing material;

a read unit, adapted to read an illuminated region on the

surface of the recording material as a video 1image;

a first calculation part adapted to calculate information
about depth of irregularities 1n the surface of the record-
ing material based on video iformation read by the
read unit;

a second calculation part adapted to calculate information
about spacing of irregularities on the surface of the
recording material based on the video mnformation read
by the read unit; and

a determination part adapted to determine a type of
recording material based on calculation results pro-
duced by the first calculation part and the second calcu-
lation part.

2. A recording-material type determination apparatus

according to claim 1, wherein the read unit 1s an area sensor
including a plurality of pixels.

3. A recording-material type determination apparatus
according to claim 1, wherein the read unit outputs a video
image of the surface of the recording material as digital val-
ues.

4. A recording-material type determination apparatus
according to claim 1, wherein the first calculation part quan-
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titatively determines the depth of irregularities 1n the surface
of the recording maternal by extracting a maximum value of
contrast difference among pixels 1 a specific pixel region,
from video imformation picked up by the read unit.

5. A recording-material type determination apparatus
according to claim 1, wherein the second calculation part

quantitatively determines the spacing of irregularities on the
surface of the recording material by binarizing video infor-

[

mation about pixels 1n a specific pixel region 1n video infor-
mation picked up by the read unit and counting edge num-
bers 1n a binarized image.

6. A recording-material type determination apparatus
according to claim 1, comprising:

a memory part adapted to [prestore] store reference infor-
mation about depth of wrregularnities and spacing of
irregularities for each type of recording matenal,

wherein the determination part determines the type of
recording material by comparing the calculation results
produced by the first calculation part and the second
calculation part with the reference information stored 1n
the memory umnit.

7. A recording-material type determination apparatus
according to claim 1, wherein the first calculation part and
the second calculation part consist of a DSP.

8. A recording-material type determination apparatus
according to claim 1, wherein the determination part deter-
mines that the recording matenal 1s plain paper.

9. A recording-material type determination apparatus
according to claim 1, wherein the determination part distin-
guishes whether the recording material 1s glossy paper or
plain paper.

10. A recording-material type determination apparatus
according to claim 1, wherein the determination part distin-
guishes whether the recording material 1s rough paper or
plain paper.

11. A recording-material type determination apparatus
according to claim 1, wherein the determination part distin-
guishes whether the recording material 1s OHT or plain
paper.

12. A recording-material type determination apparatus
comprising;

an input part adapted to input a video image of a surface of
recording material;

a first calculation part adapted to calculate information
about depth of irregularities 1n a surface of the record-
ing material based on video information mnputted 1n the
input unit;

a second calculation part adapted to calculate information
about spacing of irregularities on the surface of the
recording material based on the video mmformation
inputted 1n the input unit; and

a determination part adapted to determine a type of
recording material based on calculation results pro-
duced by the first calculation part and the second calcu-
lation part.

13. A recording-material type determination method com-

prising:

a read step of reading a surface of recording material as a
video 1mage;

a first calculation step of calculating information about
depth of irregularities 1n the surface of the recording
material based on results of the read step;

a second calculation step of calculating information about
spacing of irregularities on the surface of the recording
material based on the results of the read step; and

a determination step of determining a type of recording
material based on calculation results produced in the
first calculation step and the second calculation step.

14. A recording-material type determination method

according to claim 13, wherein, 1n the read step, an area
sensor including a plurality of pixels 1s used.
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15. An 1mage forming apparatus comprising:
a conveying part adapted to convey recording materal;

an 1mage forming part which forms an image on the
recording material conveyed by the [conveyor] convey-
ing part,

a light emit unit, adapted to illuminate a surface of record-
ing material;

a read umt, adapted to read an illuminated region on the
surface of the recording matenal as a video 1mage;

a first calculation part adapted to calculate information
about depth of 1rregularities in the surface of the record-
ing material based on video information read by the
read unit;

a second calculation part adapted to calculate information
about spacing of irregularities on the surface of the
recording material based on the video information read
by the read unit; and

[a determination part adapted to determine a type of
recording material based on calculation results pro-
duced by the first calculation part and the second calcu-
lation part; and]

a control part which controls image forming conditions of
the image forming part based on [the type of recording
material determined by the determination part] calcula-
tion results produced by the first calculation part and
the second calculation part.

16. An image forming apparatus according to claim 135,
wherein the image forming part comprises a developing part
which develops a latent image on an 1mage bearing member,
a transferring part which transfers a visible 1mage produced
by the developing part to the recording material conveyed by
the conveyor, and a fixing part which thermally fixes the
visible 1mage transierred to the recording material by the
transierring part.

17. An image forming apparatus according to claim [15]
16, wherein the image forming conditions controlled by the
[controller] control part include at least one of developing
conditions of the developing part, transfer conditions of the
transierring part and fixing temperature for the fixing part.

18. An image forming apparatus according to claim [15]
16, wherein an 1mage forming condition controlled by the
control part 1s speed at which the recording material passes
through the fixing part.

19. An image forming apparatus comprising:

a conveying part adapted to convey recording material;

an image forming part which forms an image on the
recovding material conveved by the conveying part;

a light emit unit, adapted to illuminate a surface of
recording material;

a read unit, adapted to read an illuminated region on the
surface of the recovding material as a video image;

a first calculation part adapted to calculate information
about depth of irregularities in the surface of the
recording material based on video information read by
the read unit;

a second calculation part adapted to calculate informa-
tion about spacing of irvegularities on the surface of the
recording material based on the video information read
by the read unit;

a determination part adapted to determine a tvpe of
recovding material based on calculation vesults pro-
duced by the first calculation part and the second cal-
culation part; and

a control part which controls image forming conditions of
the image forming part based on the type of recording
material determined by the determination part.
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