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Acquisition of Automatic Design Technology of Mechatronics Control through Reinforcement Learning
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Abstract

As"A digital company with insight into implicit challenges”,
Konica Minolta contributes to society by continually present-
ing customers’ problems and solving them through applica-
tion of technology with value.

Several decades from now, due to an aging society, we will
face a serious social problem that has been defined in terms
of a shortage of working people due to a reduction in the
population in an aging society. In order to solve this type of
social problem, we believe it is necessary to continually pro-
vide in a timely manner mechatronics products providing
customers with an easy environment to workin. Conventional
control software design means are not capable of meeting
the requirements to achieve this, so it is thought to be indis-
pensable that we acquire automatic design technology that
uses new methods.

As afirst step of a mechatronics product on which an auto-
matic design technology is acquired, we applied reinforcement
learning to paper conveying control of MFP (Multi-Function
Peripherals), and we checked whether automatic design
would be possible. As a result, we confirmed with simulation
that it was possible to design, by using reinforcement learn-
ing, an aimed operation corresponding to an object.

In this paper, we introduce what we studied before the
application.

-What kind of method is reinforcement learning?

-How should we define conditions/rewards in paper con-

veying control in order to apply reinforcement learning?

- Results of applying reinforcement learning to paper con-

veying control

In the future, we will perform confirmation using an actual
device and expand the range of control to which reinforce-
ment learning is applied to other control functions of MFP
(color printing control, fusing control), and would like to
apply automatic design technology to all types of control
throughout the MFP. In addition, we intend to expand the
applicable range of reinforcement learning, and build an
office space that can be controlled in the best manner,
depending on the objects of the workers.
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Fig. 1 The framework of reinforcement learning.

Reinforcement learning is a method of learning, through trial and
error, an appropriate control method for controlling a control
object. Learning is controlled by three blocks (brain, agent, and
environment). Action value is calculated from a reward obtained
as a result of action of an arbitrary action. By repeatedly carrying
out this process, a control method capable of achieving the final
goal is learned.

FEF3ODTay ZiIckoCHlHENGE, 1oHIZ,
FEZHET 245 E (Agent), 20HIZ, #H L 74
HOBIE L 72wk 2B D 2% B35S (Environment), 3
SHIIE, FEL T R 2AE - L T K
(Brain) T& %, Fig. 1 il EE 0EHy —7r v
Azt %,

ot (t=0) K,

D2EEE (Agent) 1Z, B t O Hl#HIR £ (Environment)
DIRFEs, ZHUS L, UEM (Brain) IC{mi#d 3,

@uam I, IR SR AE s RFIEIT R B a, %
BEOBIRFIE (FRER) 12 wTvEL, ¥H
HANBET S,

@ EFE, BT L N S odh{Ea o CEIfET 2

I ICHIBERI RN R T 2, R %2 7 HlfH SR

Fa IO EFEET B,

50 KONICA MINOLTA TECHNOLOGY REPORT VOL.17 (2020)



EEBWIL ATy 7% (RZlt+1) 12,

@ EEEFE, W1 OFIEN RO IREEs 1 &, HlHS
ROIRFE s W ICHITEa 12 TEITE L 225558, xR
ZHMITIG U 72 REICER T 2 2 L3 TE LD
WG R EeD E M R Z UG § %,

O EEH I, RO 2B A2 W R R D
Bl RORES, HEHNROEEa, FAIt+1RED
T R IR 1, IRFES FIC B {Ea, % 175 72 BRI
S U 72 MiE R 1, 2 M AMEE T 2,

©ufa I, BUS L 72 2B w2 YT, RZtR Ol
N RORE s K12, BhfEa, %247 9 FTBffifiE % HE
L, adlEd 2%,

DOO~O©% FIZICRED K LT L, HfNRo
IRIGITIE U 72 dpcil 22 B 1F % AT B 12 FE D T
LTWw{,

LRl — 7 v AR TITEbiE & S HA D, D
ToxFig.2 2 HVCHEET 2,

Q(s,a)=Q(s,a)+n* (RM+ ymax Q(sM,a)—Q(st,a‘))

n: Learning coefficient
y : Time discount rate

Fig. 2 The formula for action value calculation.

Q(sy, a,) is the action value when an action ‘a; is taken in a state “s,”
at time “t”. Ry, is the reward for the action. The action value has
the following characteristics. The higher the reward for the action
is, the higher the action value is evaluated. In addition, when it is
highly valuable to reach the next state, the action value is evalu-
ated to be high, and when it is valueless to reach the next state,
the action value is evaluated to be low.
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Fig. 3 The configuration of the control object, using simulation.
The motor and the clutches are controlled at arbitrary timing to
drive the rollers so that paper can be conveyed from the paper
supply tray and be ejected outside the machine.

Fig. 3 DEIEMEZFHT %2, ©—% — (Motor) 23T
BOMECTEHE L T 284, %277 v F (Clutch A,
B, C) »3iffikRETH 254, %2 —7— (Roller A, B,
C) BE——DMELFAUBECHEIT S, HfhL
4 (Feeder) 3v—5—ALt 77y FAZNLTE—
Y —DREN N EIG L, T—8 =D EREPRERIC Y T v
F Az % & RO Z BT 5, MGkl 72 A
X, =y 7L Twiu—7=2E L Twuiud, HARE
MdhH7h oRETHEI NG, €E—F—, K7 7vF%
R4 v 7IcTHfllTs itk ha—F —»8K
BL, G LA 2o KOS S du b~ & IR E Bk
W22 Lnfie s,

4.2 L SHEIEFBICHEIEEIEEZRS
HRHEEFIE O B 192 & st A B3I A 2 WIHE %
T 5, HEHSETEO HIND S, R4 v kb
mEOHRICY A=V %5222 7, @QFrEREN
THIE DB % B ~PEE T 2 2 & 2Lyl ot ide
ZZWHHELTHitB L 2, @ - @D F £TlE, #igk
NBRTH 2720, AL T 2 ETED LS IR
BBIC 2 2 EDHMNZER L T 200 EM440 L TER
L7z, UTICEENZIREZRT,

OHMIZI A= %5225 2 L0375\,
I REANCoX PO AMALHEL 2w
I REEANCTHoX PO AMEES 2HETE s 2 L
QP E RN THIE OB E B ~PEH T %
II. Az~ cE s L
IV. FrEmicHe ol cE s 2 &

ERdoo@lbz iz THEE#E T3 LT, BN
Ziize 9 2 L ASAIHE &OHIWT L 7,

4.3 HIENROIREE EEEDRET

BURMIHIEEGT 2 oti, SN ROWREES, FrE DORESs
RFICIN S EifEa%z & X 9 BERICT 20 OBE 217
7o HIRUCE T O BLRGIENE, BLRARRE 2 R TR
Fig. 4 D &9 ikt #1roC, HAMEZIES Y2 ¥
LIV REGT 5,

Paper position [mm]
A

Next paper front
P
Paper exit roller raperrear \\

Paper front
Paper exit sensor ~5

Paper pre exit roller
Fuser roller

Slope = Paper trans speed

Image transfer roller Paper inclination correction time

-~ Check/point (Paper interval > 0)
— | >

Registration roller
Paper pass time

Image sync sensor

() Reach time variation

Paper feed roller
PN
Feed interval time

» Time [ms]

Fig. 4 A paper conveyance timing diagram in the case of conveying A4
size paper.
The diagram illustrates when and where the top end and the tail
end of A4 size paper should be located to convey the paperin a
targeted manner.
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Table 1 The relationship between the action pattern and the rollers’
states.

Action pattern Roller A Roller B Roller C
Type 1 Rotation Rotation Rotation
Type 2 Rotation Rotation Stop
Type 3 Rotation Stop Rotation
Type 4 Rotation Stop Stop
Type 5 Stop Rotation Rotation
Type 6 Stop Rotation Stop
Type 7 Stop Stop Rotation
Type 8 Stop Stop Stop
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Fig. 5 Paper skew correction control.
Paper skew correction control controls an action to correct the
paper skew when it reaches the roller B.
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Fig. 6 The transition of the action value.

The vertical axis represents the action value in an action that
enables the paper to pass through the roller C in the state where
the paper is one step before the roller C. The horizontal axis repre-
sents the number of steps in one trial. When a state where no
reward was given continued for a while after a reward value was
given for a good action in step 61, the action value once raised by
a given reward decreased, and the good action was not memo-
rized. From such a result, we determined that it was necessary to
increase the number of timings at which a reward was given so
that a good action was kept memorized.
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Fig. 7 The transition of the number of ejected paper sheets at the time
of learning.
@®: First curriculum
@: Sixth curriculum
®:Tenth curriculum
@: Diagram of the superposition of ®, ®, and ®
The horizontal axis represents the number of learning trials (epi-
sodes), and the vertical axis represents the number of ejected
paper sheets per minute (PPM). One episode takes one minute,
and 10,000 episodes repeated in succession constitute one cur-
riculum. By continuously carrying out the learning, the number of
ejected paper sheets increased and became close to the target
number (35 PPM).
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Fig. 8 A space where mechatronics products can be most appropriately
controlled depending on the objects of working people.
Taking the office environment as the control object, in order to
reach the goal of providing an environment where workers and
mechatronics products can comfortably work, the way how the
workers and the mechatronics products in the space are con-
trolled is automatically configured by performing trial and error
and giving rewards depending on objects.
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