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Abstract

Konica Minolta develops a wide range of electrophotogra-
phy products from OP (Office Printing) to PP (Production
Printing).

Stable paper conveyance and image quality are deeply
related to paper properties, and refined control for each indi-
vidual sheet is necessary. Therefore, using a wrong sheet can
result in a paper conveyance malfunction (jamming) and
poor image quality (customer dissatisfaction).

At present, “basis weight” and “paper type’, which are closely
related to paper properties, need to be set by a customer.

In this development, to improve operability with regard to
paper settings, we developed an intelligent media sensor,
which is a general name of: a paper property sensing tech-
nology based on an optical technology which is our core
technology; and an estimation technology including a basis
weight conversion algorithm that selects an appropriate
conversion formula according to a paper type and a paper
type determination algorithm using machine learning.

In the beginning of the technical development, we investi-
gated the problems in costomers’ workflow, and basis
weight, surface properties, paper thickness and envelope
detection were set as goals of a sensing technology that can
resolve the problems. Further, basis weight detection com-
monly used in OP and PP was developed by a joint develop-
ment and was mounted on OP and PP.

As a result of improvement of operability, the automatic
detection function becomes a default feature, making it no
longer necessary for a customer to do paper setting and thus
saving a ten and several seconds in operation time com-
pared with conventional methods. For PP, it has become pos-
sible for an inexperienced user to determine a variety of
paper properties with prospective paper types and basis
weights being displayed on the control panel.
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Fig. 1 Difference in paper setting items between OP and PP.
For OP, a customer is necessary to make a paper selection such as
thin paper, plain paper, thick paper 1 to 4, and envelope, each of
which is associated with the basis weight table. For PP, in order to
get the highest image quality on various types of paper, it is nec-
essary to set items of control and adjustment items related to
paper properties.
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Table 1 Degree of contribution of each physical property value for deter-
mination of paper type determination.

Contribution for

Physical quantity paper type discrimination

Density 100
Smoothness 81
Coefficient of friction 36
Whiteness 9
Stiffness 8
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Table 2 Sensing items and sensing methods for OP and PP.

Sensing item Sensing method OP PP
Basis weight Optical v Vv
Surface properties Optical N
Paper thickness Rotary encoder Vv
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Fig. 3 Paper type determination based on basis weight difference IR-B
and reflectance G.
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Wavelength dependence of correlation value between transmit-
tance and basis weight for plain paper and coated paper.
Because a high correlation between transmittance and basis
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PD e
Transmitteddight -

LED for transparent
measurement
(Near infrared)

weight is exhibited with respect to blue B (A= approx. 450 nm)
and near-infrared IR (A= approx. 800 nm) regardless of paper type,
the transmittance is measured in these two wavelength ranges to
estimate basis weight in optical measurement of basis weight.
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Fig. 4 Configuration of basis weight sensor.
Three types of LEDs are disposed, and transmittance is calculated
by detecting transmitted light of IR and B by means of photodi-
odes disposed on the opposite side of paper with the paper
between the photodiode and the LED. Reflectance is measured
by measuring reflected light G from the paper surface.
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Fig. 5 Circuit configuration for optical basis weight detection.
The circuit is equipped with a light quantity adjustment function
with PWM control of LEDs and with a switching function of an
amplification gain for light reception signals, so that the measure-
ment accuracies of transmittance and reflectance are improved.
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Fig. 6 Configuration of surface property sensor.
In accordance with “Paper and board--Measurement of 75 degree
specular gloss--Converging beam method (JIS P 8142/1SO 8254)’,
LEDs were set at 75° and in order to measure diffused light and
regularly reflected light, photodiodes are disposed at a position
of 75° and 30° on the light receiving side. The blue lines represent
the light lays emitted for lighting simulation.
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Fig. 7 Lighting simulation results of the surface property sensor for
gloss paper and matte paper.
With respect to gloss paper, there is a difference of approximately
1 digit in the received light amount between the 75° and 30° sen-
sors; however, with respect to matte paper, there is almost no dif-
ference in the received light.
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Fig. 8 Detection results of the surface property sensor.
It was confirmed that, similar to the simulation results, the output
of the 75° PD sensor (regularly reflected light) was higher with

respect to gloss paper than other paper types and that the surface
property sensor could be used for paper type determination.

4.2 HEHIRIY R T LB

Fig. 9 ISR > 2 5 & %R $, HUEHEISZ, B
A 2 TR U ZfREE 7 v 27 XA 2L 72,
TNIYRNIE, TYT AT AL A EREROEMDS
MR OREE &, B A DM AAARNEZ B L GEE
L7e, HRloRFIE, %, Rk GEREDE, 88K
) ofttic, PEEe vy —ToHEE V2, SRR
73 X LECTIE, BT — 4 ICPPCfifl S s
FHH, S0 EMHHL, N7 o& L LTEHE H
HREZNMW L 727 — % ZEH &7,

Z OREFRHEI 7L Y R 42 FveT TR FEE XSy
DA OHEA 2T BN L itz Rn T 5, £
7o, BT AMEEPHEER (R— =T u 7 7 N) &
HE T — % & OB % B 2 2w B2 £RT 5,

PERR L 72 CREHB 7 L 2 R 6% b7 — 5 0
IEZRIZBW A EE/BF SN, D 5%IBIL T e
e Ehn, BRI gL 5 7,

Paper sensing Bacis Processing Calculation
weight O .
Algorith
Transmittance (IR,B) % @ gorithm
Reflectivity (G) —— Output
Density (Display on the

Paper thickness

1
@

operation panel)
Paper type

—>| | Paper type and
basis weight.
@ Sensing data
Database Candidate
- [ = paper profile.
- Paper profile \
L —

Paper profile

Surface properties | |
(75° PD, 30° PD)

Fig. 9 Paper type determination system.

Property values of 50 types of paper are learned as teaching data
by means of machine learning to construct a paper determination
algorithm. To the paper characteristic determining algorithm, the
densities measured by various sensors, the output of the surface
property sensor, and the output of the basis weight sensor are
input, so that candidates of classifications of basis weight corre-
sponding to individual paper types are output.
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Fig. 10 Layout of optical basis weight sensor, and rollers on paper feed-
ing path of OP machine.
The roller provided on a basis weight sensor section narrows the
paper feeding path, so that the path and the position of the
paper being conveyed is stabilized.
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Fig. 11 Screen for setting type of paper in paper cassette.
Automatic paper type detection is set as default on the control
panel. After a paper type is detected, the detected paper type is
automatically displayed.
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Fig. 12 Layout of inline-type optical basis weight sensor, paper thick-
ness sensor, and surface property sensor for PP machine.
The paper type and basis weight of the fed paper are deter-
mined with the three types of sensors disposed on the convey-
ance path.
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Fig. 13 Application example of offline-type paper type detection system
for PP machine.
Basis weight can be easily measured by inserting paper in the
arrow direction.
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Fig. 14 Configuration of offline-type paper type detection system for PP
machine.
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Fig. 15 Operation of push-up mechanism and opening and closing oper-
ations of shutter of the offline-type paper type detection system
for PP machine.

Detection window

Fig. 16 opening and closing operations of the offline-type paper type
detection system.
A temporal change in measurement value is corrected with a

’ Unit reference plate ‘

unit reference plate on the rear side of the shutter being regu-
larly measured.
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