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Robot Control Program Generation for Cell Production
System Based on 3D Simulation

YOSHIDA Hiroshi

In recent years, product lifespans are becoming shorter due to technological innovation, and it requires manufac-
turing facility to quickly support new product types. In response to this request, design information of products
and manufacturing facilities are comprehensively managed using PLM (Product Lifecycle Management) informa-
tion platform. Generate manufacturing work instructions for each product type, and issue work instructions to
manufacturing workers. On the other hand, labor shortage is another serious problem and robotic automation is
being attempted at manufacturing sites. Cell production lines run by trained workers can flexibly change the pro-
cess by changing work instructions. But in the case of equipment automated by robots, it is necessary to change
or modify the control programs.

In this paper, we propose a method to generate robot control program which instructs a robot assembly work-
cell to execute the assembly process for a specific item, using 3D simulation and product’s Bill of Material
(BOM)/BIll of Process (BOP) information on the PLM information platform. We have obtained a desk calculation
result that the man-hours required to modify manufacturing facility to adapt to newly derived items can be
reduced by 11% with this method.
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Development of Tuning Technology for Servo Driver
Parameter Based on Stability Analysis and Simulation

HARADA Hiroyuki, EGI Mamoru, FUJIOKA Takumi and KAIDA Sota

In order to meet the diversifying needs of today’s consumers, there is a growing effort to realize variable-type,
variable-volume production at a cost no less than that of mass production. To this end, it is necessary to shorten
tact time and start-up time for individual manufacturing equipment. In particular, the servo drivers, which are
important parts of manufacturing equipment, are expected to achieve maximum manufacturing equipment perfor-
mance in a short period of time. However, most servo parameters tuning method based on time response do not
quantitatively evaluate the stability of the control system. Therefore, there is a problem that the achievable perfor-
mance of the manufacturing equipment, such as achievable positioning time and tracking error, cannot be fully
realized, or that the control system becomes unstable due to slight changes in the operating environment such as
individual differences in manufacturing equipment or workpiece changes.

To address this problem, we have developed an auto-tuning method for servo parameters that can bring out the
maximum performance of manufacturing equipment in a short time without the need for a tuning expert by con-
ducting a frequency analysis of the control system including manufacturing equipment and quantitatively evaluat-
ing the stability based on stability margins. For stability analysis, we utilized simulation as well as actual manu-

facturing equipment to reduce the number of vibration tests, thereby minimizing tuning time and manufacturing

equipment damage. By utilizing simulation, about 400 combinations of servo parameters, such as notch filters,

Contact : HARADA Hiroyuki hiroyuki.harada.2@omron.com
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competence of their manufacturing equipment.
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can be evaluated in a single vibration test, making it possible to realize achievable performance in a few minutes,
which is difficult to reach even for tuning experts due to the limited tuning time.
This method eliminates the need for on-site operators to set difficult tuning completion conditions and reduces

tuning time from several days to a few minutes. As a result, customers can concentrate on building the original
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. G,Ljo]
Plant[ jo]= C.[jo]* Nf[jo]* Tf[ jo] v

—FE Plant[jo] B3R ENIE, & & 3ZLREW~ v 7O
IXENCDOWC ERROFHEZSICGUY 7 4 — F Ny 2574
v EREE L EREAN — T TRIEBUSERE Gl jo] &R
T2, TDTA VPO T A v e— 2 2 PRT 52 LT
WM~y T7HFRT 5 2 e TE 5,

Perform vibration test
on the manufacturing
equipment with known
servo parameters.

Calculate the frequency
transfer function of the
velocity closed-loop
by FFT analysis.

Calculate the frequency
transfer function of the
velocity open-loop.
Refer to Eq. (1).

[Calculate the frequency|
transfer function of the|
control target.
Refer to Eq. (2).

Change the servo
parameters.

Draw a Bode diagram of
the velocity closed loop.

Search for peak gain (=
stability) of the Velocity|
Closed Loop.

tability analysis
completed for all
parameter sets?

Draw a stability map.

K8 vIal—YavaFRALAREEYy 7k 7 0 —

—Command Velocity
----- Actual Velocity

Velocity [rpm]

Time [s]

9 EEHIEIL— TIRER

30 (30)

3.2.3 REEBORKIL

322 CE 74— 2754 vEEHLZGEDRE
Y~y Z7OEH R RT3, HE AL — 7 OWEIRICIT
ZOMIC ) v FTANRRIANT T ANRSFET S, &
NODT 4 NZANT A= ROFHED BA 1T, LEMEE 72
bHEEHEFROKE SIckEdEEST L, chiTid
Y= RNT X — XA D, R — PR EEE L
L7 ANZNT A= RZDERBELEEBEL T/, D7
O, PR DA 2> & T I IEL AT A 2 L IERS 7
Botz, RIBETFETER, 7402172 —2icbvIa
L—yavEEHLTWS, Thick > T, @AW T
A= ZDMAEDLRHIC O WTLREEZTHN L, Kb LEMHE
WA 5 7 4 VERT XA =2 EEIRLTnw5,

3.24 Y—FRNRFxA—2BENAE7O—
K10y —F A7 2 —20HFHE 70 —%23, B
B oRNIZ, RO L HICkRD,

(a) B — 7 O RBEBENFERICEIEY T2 —
vaVvEERLCRE,~ Yy TE2FRT 5,

(b) —¥HHEE L PR I > T, BEL—T D
T A—=FNy 074 VERRET %,

() WTERIRELEZZ 4= F v 2754 vEHvTH
FEEREE IR A L . REE~y 7D
WEEWET 5,

(d) 7y F 740237 2—=2 (RLREBEL EZX. Q
fH) 2EHEFT 5, YA T AT Y XLt -
T, BEBBPBRARKERD ) v F T4 NEANT A —
2R RET 5,

(&) /v F 7 ANLRNT A= DEHECRIEMHEEATHIC
fERKL T, MIKR->THEZ 4 —Fy s
TAvomEERAE L, REHEBEZIEKTCE RITH
B, S TFTANEZAT A= EMEEL, fLEAL—
TDT 4= KNy I 74 v oPREICHED,

B fE74—=F RNy 2754 vEEBELEZGHEOME
N—TDOREMN~ v TERFERT 5,

K11 i — 7 oRE~y 7283, fiELr—7
DHIESIIMN B ILGI S 4 v oBRmDTLIRITD Y T L
o TWwb, WEL—TLRKIC, 2—FPEE L 723%
IS > CERER L REEDO FL—F A 72K Y,
YIfiiB7 4 = F N0 75 A Vv ERET L LB TE S,
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(a) Generate
Velocity Loop
Stability Map.

(b) Select Velocity
Proportional gain
and Velocity Integral
gain according to
the Tuning Level.

(c) Re-Generate
Velocity Loop
Stability Map.

(d) Try to expand
Stable Region by
modifing notch
filter parameter.

‘e) Can the
Stable Region be
expanded?.

(f) Select Position
Proportional gain
according to the
Tuning Level.

®10 $—HK<5 A~ DEBHET O—

K1l [BL—TLREMEYY T

3.3 FAREENMEEEE OINH

APREFHRIE, HEEINIR L Z O F TR R i3S
EI—FRANTRA—REPRET D, HED T 4 — Fy 7]
EER 7R CRE 2 IR S 2 0 ¢, BEIRIHEN T
H Y BT IC L E IR EOIRIE S mm AN T H
b, O LHhb, EHEPEXETEIFHHASCFEE) LK
T2 ) A7 I3hE N,

LAl 324 D% —F T 2 —XHEHHTE 7 v — TR
L7zlY, KiEtE~y 7OKEZ X VPO LT 5720
WCIMRBBEZ VB LFEMBL T3, b L, IREBIEDOE
ICEE OB E IR 2 BB 2 & R mICEE 2 )
VERIF N IC R 28200 H 5, 12 1T E# (w/o offset
cancel) T, —M% 7z EIEBURNTH O MIRE S HIE %2 =3,
Wit & & b I INIRE B % F 51 3 % SweptSine IKJE CTH 5
2, B ARAE S IRF I E > BB L <L E S (X
13 DFEHR © wlo offset cancel) ,

LEWMNTE > S 2L =2 a VRIGN L 72— R B 74 /087 A — & TR O S

50
—w/o offset cancel
0 (—F———F———F—F— T = w/ offset cancel
---offset cancel signal
30
T 20
Z 10
2
E 0
= -10
20
-30
-40
0 0.5 1 15 2 25 3 3.5 4 45
Time [s]
12 {EEKEXKRZES L7 SweptSine K
4
35 —w;/o offset cancel
----- w/ offset cancel
3
= 25
E 2
c
£ 15 -
wv a
8 1 """‘-‘aﬂ.b
or T
-0.5

0 0.5 1 1.5 2 2.5 3 35 4 4.5
Time [s]

13 SweptSine FIAJIFDAIEZ1L

T, AREEFECE. MR T AE 2 RGO E
ISR 0 & U 7o BARIYICIX, SweptSine D INHRHIH
KX YVELMEA 7Y PEXF Y vEeLT 5 X5 K
IR # BEE L7z, X 12 1T 58 (w/ offset cancel) T
JE B IE %% % BB L 7= SweptSine 12, X 13 12 fifp (w/
offset cancel) T* D & X D ELEE FNFINRT,

HET IMMEAKEZREOREFEEZUTICRT, 3R
DX CHRIEE Vo AR 0 Wi & L CHES
AR R 2 EF T B,

Ve SIN O (3)

H/EHTD SweptSine B IC X o THE LU B EA 7Y + &
L, IR 2T, 0 32 &, BET 2 EEKEFREO®
FREIT(DRD k5 cke 3,

Vinas [, sin(e,0) di = V;—"’L“"{l —cos(o T ) =L (4)
FIEAEREC 7 B Z L BT, EURNEA 7 2y b
RO T D BB 3 RE LKL ERT 5,
o0& FEET 5 IEHKBUL AR T, & %25 D
T AP 0, 2GR E B,

T
T ©

G)HXz @ HMRAL TEIT 2 &, (6) KD DIRIE Ve

w; =
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HENTE S,
L

VLmax_Finv (6>
B)., OXEQ)XICRATZ L, EETZIELKIZ(T)
Hens,

oL . (=&

27;v“n(ﬂmtj @
4, ERHER

4.1 FEBRICKE RS E 2 @R L =0E

B L 726 E 2 AT 5 2 L o REZ R T
2o, (ERO R OR/IMEE BIE 3 E & . HuEiEait
MEOR/MEE BIETHBEZEM L, HIHFhE0EWIC X
2 EHEREDZZ IR L 72, A& OERTIIR 14 1ICRF
M AMRE, REOERRTIIM 15 1TRFR—rhalx
ZTNENHA W, L 720, £ 7 VB 5EH i E
(Model Following Control) & 100% 7 4 — F 7 + 7 — Fifil
& (100% Feed Forward) @ 2 5 TH %,

®M15 F—rhl (BRPNE~DBRBEDLE)

32 (32)

16 1R 7S D8 IC X B L8 koo RS 0 i v %R
T DT, BHIGREEIC BT P v 2 AR % 2 7
WA CER AR o0 HE#LEY 52 Tw 2, £ 11
FEEEEE R T, =7 VBREHIE <. BEREE & NERTE
SllcTREEFeAET 2, FDO—/T, A== a—} %
Mz cernc, HE~ODFA -V E2HOLE D, F
72 bPA 7N ZIGICTE 20 CIRAKEEEZ KE (ET
L2 EWAERICAR S, ZOME, 100%7 4 —F7 47—
F il & o LT, Mo BB % 1% © &
T3,

1900 = = 250
— —Command velocity (Model Following Control)
— --Command velocity (100% Feed Forward)

1700 ——Actual veloity (Model Following Control) L 200

=== Actual velocity (100% Feed Forward)

1500 ~ = Actual torque (Model Following Control)

= - -Actual torque (100% Feed Forward) + 150
\

il r—— i —— \ N\ ooo-Terpe mie 210006 | 00
E_HOO 3 o p——— e i o = | g
2 900 - g
§ N e e e\ A /,--1—\7;--..-'..-.—_-, 0 g
<L 700 " ' =

N '
k! t r =50
500 s \\. =
300 [rHHfmmmmmmme s D o e e + -100
\ Over shoot
100 |/ \(affects abrasion)l -150
3 ' P
-100 : | -200
0 50 100 150 20q 250
Time [ms]

11% reduction of positioning time

16 FIEEDEWNIC L 2B RD O LK

F1 EREM GIEEEOEWIC L 2 MER S RHE O HE)
SHER | 1

BARRE (E7I/LBREHIE) | 1070 rpm

BAEE 100% 74— K7+

7 — Kl H400 rom

DR R 50 msec

HEN R 3 revolutions

b o HAHIR +100% (£0.318 N.m)
Advanced Auto-Tuning D% |

P Middle

17 1 HI R E 0B I X 3 HAZEE ~ 0Bt 7
ZRTHOT, AEHIE L OREX 200f5EKL b 0%
HESE N L 23812 oR L Twb, X 18 ihai
FEDEA L 72 B RIBIEIS OIKKTH 3, £ 2 ICER
b K 3 it G o HAEIE & o FERRE, KA
EEEINZIRT, K325, HEED OHEE L 72 405
b2 %74 —=F747—=FT522%100%7 4 —F7 %
7 — PRS0 A, &7 BRI 0 42%8 5658
ERNI W LN DB, 2D EH o, BIEFEICNS
20— X7 4N RZNRNR B B T IVBHERIEE L, B



LT 1T 32

EWLEEEHERO 7 7Y 7 —v a VI3 L Twirn Z

LB,

40

—Error*200+command (Model Following Control)
==-Error*200+command (100% Feed Forward)

30 — -Command

20

-10

Y-axis position [mm]
o

-20

-30

-40

-40 -20 0 20 40
X-axis position [mm]

17 SIEBEDEZVIC L 5 BRIENDERERED LR

-22

—Error*200+command (Model Following Control)
0% -=-Error*200+command (100% Feed Forward)
— -Command

-23

-235

'
n
N

-24.5

Y-axis position [mm]
N}
[9,]

<285

-26

-26.5

=2

-10 -5 0 5 10
X-axis position [mm]

18 FIEEEDEVICL 2 BRNEBE~DBRBREDLER (K
17 DRI A & LK)

%2 EBREHF HHEBEOEVICK 2 BEHNE~DEBHEED

#)
SHER I
F=E 25 mm
BENRE 2m rad/s

Advanced Auto-Tuning O @ E Middle

BEWBHTE Y T a b= a Y ZIE LY — R F 74 23085 A — & FPEEART o5

&3 FHHBEDEVICL 2 BEINENDERERE

) — . 100% 7 4 — F
THIE & DRE | BT ILVEHE “ s
BHiZ9E & DFEE 7T ILIEHEH 5 T — R
FigRE 1.1 um 0.7 um
RARGRE ‘ 4.1 um ‘ 2.4 um

4.2 REMBITICEDCHZRDHR

19 ICHER D R E R IB IC D 7 A4 v il%E 5 ik
(Easy Tuning) & . ATk (Advanced Auto-Tuning) IZ X %
FEOE e o LL RS SR % 7R 97, Easy Tuning @ il filFE, H
ERCGERR IS F 7+ ML L, 20FN [£F0
BREHIEL, [50ms] &3 2, AFECORBHEMIZ, 67
i R EA . FAESRE 1L TMiddle] & L7z, Z ofth
DERRGAFIFER 4 IR L, HlfifEEzE b5 dET LB
PEREE CE I R v, AFETE 74— FANY 7 RD%
EEAEREMCTHOL 2030, 74 —FNXv o754 vk b
A CHlEwIEZILKT %, 2D & T, Easy Tuning
XL T 90% b 0 BE5E R 0 BN AT 2 726

500 — - 500
—Position error (Advanced Auto-Tuning)
---Position error (EasyTuning)
400 - - Velocity command - 400
S_ 300 + 300 =
5 =y
g 200 90% reductionof [ 200 %
S | settling time 2
8 100 - 100 ~
o
0| VS ——amea 0
Settling time
-100 - . -100
450 500 550 600

Time [ms]

19 REMMBITOEEICL 2 TEBO LR
LEMREN A L : EasyTuning, REMMITH Y : Advanced Auto-
Tuning

K4 EBRFH (REEBNTOEEICL 2EERHEOLLE)

PV | &
RAIRE 500 rpm
DRLER FF ] 50 msec
BEnEEak 3 revolutions

20 IC Easy Tuning & A F7% (Advanced Auto-Tuning) IZ
X 2 WuEBREED B R GREM) 2R3, AFETO
HEE 91 [HoEBAEEERL ), WA [Middle] &
Lize ZOMOFEREMFIZ. R2IRLZDDLFAKTH
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%, ARFEFETIE, FIEEEC 100%7 4 — F 747 — Fil
HHED IR I N B 720, WEICHIEIEZ 7 4 V2 Y
VTR, £ 4—-F 77 —=FbbAsick
DIENE L HEEMECHES 2 2 L PHEICR %, B
I, LB % E BRI EEM U 72 28 & HIHAR IR & & AR R
THILT, HEETMCEINEVLRBELZICHLTD
EH I EEEDMT 2 5. % DOFfER, Easy Tuning I3 L
T 98% b DWLEERERZE DB AT 2 720

60
—Error*100+command (Advanced Auto-Tuning)
-=-Error*100+command (EasyTuning)
- -Command

40 -:- Max_error*100+command (EasyTuning)

20

Y-axis position [mm]
&

-20

48 98% reduction of following error
-60
-60 -40 -20 0 20 40 60
X-axis position [mm]
20 ZEMBITOEEICL S BEHIE L DBHRRED IR

RIEEMBNTA L ¢ EasyTuning, LEMMRENTH Y  Advanced Auto-
Tuning

4.3 FRERFBFEERROHR

(] 21 iC. SweptSine DIIRIETZIC L W 2E U 2 (& A 7
Y bEFy v T 2EERIEREOEENREERT,
AL T (Advanced Auto-Tuning) Tix, FEET £ T
IC% W d 40 MIFRE o B NIRRT 5, ) —
FeyF10mm OF—rhnloge, RIERFHFCID
A, PR T £ 0IC 35 mm FLEE O EEB ) ATEE
T2, —f. AREFECE, 1 RoMRHE coRAB
Bt 2.5 mm, 39 BFIIRZONMEDO A 7€ v b =iZFEH
fET08mm ICHIZ b, TDT & iF, HE A BHE R
BN TR T 2 Y X7 2 ONS Kz b, A
REFEIA L =20 LENEHEBRICERTE 2 2 L
EEKRT 5,

34 (34)

40
35 —w/o offset cancel
30 (simulated position)
----- w/ offset cancel
= 25 (actual position)
E20
=
o
=15
I
&
10
5 n "
PR (TN VAU WY WV VO GO V| G W WO G W Al cons Ao
-5
0 20 40 60 80 100 120 140
Time [s]

K21 fIBA 7ty b¥v > L ESOEEICLIBHEOLK

5. 30

PR DRERIGE R ICFE S =R T 2 — xFc
. T RFEREEESE LN R 572 D REIEEREE
DEALTCHBEN AL EIC o720 T 2L WS ERD 3,
CORBEHICR LT, $—FR T X — 2O EHMHFR %
e g2 e KRB ZI8ET 572 1) THEO RN
BEZEHE Y —R AT A — 2T HEEREL 72,

AREFECH, ZEEZEOHEROLEREICD VT,
JEEEEIT RN 2 W CEBMICEHIE 3 5 2 & T, EHE
BEELZTEMD P L —FA 72N> T3, REMMEITIC
X, FHA TRy Iab—vavERIERL, EEOM
IREIE A BT 2 2 & TR OHIR & HEE L2 -2 D
A >77, YIalb—YavaiEftaszec, /v
FTIANRBEDI =K AT XA =2 DfHAAEDLREITD N
T, — B DOIHREIE TR 40058 b Dz IGEIc &2 b, 3
BOHEMERCTH o T HFEIFH OFIF 2> & BEHE L v
TAERE % $05 CHRERATREIC L 72, THIC, JERERNT iR
B THRIC X Y 208 o B FHiFH 2 20 mm DAPICHIH] L,
AEREIC X BEENEY R 2 LB AL — 2 D LA
HOBRICERACTE 72, MW, KEEICODWTT7 4 —F Ny
ITAVEERETIEEEy T LR XL 72,
TNIC & o T, FEIIATRE A flHHE O R L LE T DR R
FEDERH I E © & | B AR PERE 208\ R fot 1T
% L DREGEE, HEE O BT o S BT IS 3 %
TR CTE B,

Sk, LR ORENBITE Y I 2L —v 2 VEIGHAL
T =R ETANNT A= 2PREF L% HBOE— 20
BB IR & S B IR L. MICHARER T 7Y &7 —
vavoiERER - TWw L,

SE 3k

) Arav, “b—FRE—2 BT 5720 0HEH%EEE X O
7, B 64098864, Oct. 24, 2018.

2) Airwmy, JUIREEE G T A — ZPE S, ROV



BRI 34T 130 EMMTE Y T aL—v a VEIEHLEY =R F 74 NIRRT X =%

T A= ZPGET 07T L) RS 64601385, Jan. 30, 2019.
3) Aim v, FIEREEE,” R 71197604, Aug. 17, 2022.
4) A Lwm v, BOEXREE, R 711976145, Aug. 17, 2022.
5) S. Manabe and Y. C. Kim, Coefficient Diagram Method for Control
System Design, Springer, 2022.
6) WFJE, & LB PO - %) FRED 7= 0 Ol L, FALH
kR A4t 2008, pp. 185-198.

BEHERN

JiH %47 HARADA Hiroyuki
AVEANY TAA— A= ay EY R R
S o= —

ARG P o4 7 HER ARG
5 2 FAFH

R AL

UEZIE £

MK 5F  EGI Mamoru

AVERAP) TN =P A= a v BV R A
F o= —

M ERT P oA 7 HEHR AR
5 2 FAFERR

LA e

Bl (BEARERE - Bmi 127 - i)

R T3 FUJIOKA Takumi
AVEAR)TLF — b A= av BV AR
F o= —

B EEART K74 7EEL AR
% 2 BFEER

HT A

HEH 5K KAIDA Sota
AVERARN) T F = A= a vV EY AR
PN —

BmFEERT P4 7HER AR
% 4 BAFEER

HT T

RLAGHOBE MDA L, B FEL LTV 5B HY LT,

AR BT D R
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RERSZTOREBFEERICKEITFSAVETH
KU 7 MNRAFEDRSE

NI/ F Xl

AR IR 7 o BTV Factory Automation (FA) fHIKO#LERS ICEWTH, WEAREZ FHlT 2720 1C
BERANZ BT 2 BHEZ T2, L LAaRb, ESORESRI-CEERMOEMIC X ). FA BLEHY;
Tlx, Man (A). Machine (H#). Material (#1F}), Method (J5i%) @ AM ZBOSEESBEINL T %, ZHFETIC
HEEINRERMNET A ZZ 0L EEMN LT 356, MRS RET 2, 2 LTI~y ENS &, B
AN REOWIMC DA 5,

REBAM A EATIC AT T — 2 LR OGRS, AMAB 72 i X > GEAR O B> b2k T 22 L %2
YEZFFY 7 EER, RERITFEEREEFHCCIOEBICLZ2a vy FY 7 FEMKEL TRz, L L
T, BAISERTL T W, MHERH - 7,

Ak, REBAFREFEL C. BROBFMAIET L ERAGT 22tk ), HEAROTHIE AMETIC X 5
ave 7P FY) 7 MEMEGYLT 2 FERRET 5, ZOREOFM L, BUEHS Cfif & 1 3 AR E F
WTHREE L 72,

Proposal of Concept Drift Detection in Factory
Automation (FA) Domain

KAWANOUE Shinsuke

In recent years, with trend of machine learning, there has been an increase in application of anomaly detection
using machine learning to predict product defects in Factory Automation (FA) domain. However, due to the
diversification of products and efficiency of manufacturing processes, frequency of 4M (Man, Machine, Material,
Method) variations has increased. If the anomaly detection model, which was operational before the variation,
continues to be used, false detection happens. And they can lead to an increase product defect.

This phenomenon, where relationship between input data and inference results changes during operation of
anomaly detection from the time of learning, is referred to as concept drift. Previously, the concept drift by
variations have been measured using means such as averages. But these methods have been problematic due to
delayed detection and issues with real-time performance.

This paper proposes a method that integrates multiple anomaly detection models by considering causal
relationships, thereby achieving both the prediction of product defects and the detection of concept drift caused
by 4M variations. Furthermore, the effectiveness of the proposed method was verified using an injection molding

machine utilized in manufacturing sites.

1. FAHZ LXez0ic, PEORRE I RUVF — X L 7= BEH

AR B D KT vy, Factory Automation (FA)  HIZSEH XN 3B 2 &A%\, ALauvicknTdh, Al

EMOEERE Ic B Th, B EEAV T, MEAR  fivy A -t A-vavavie—-7) 2#RLTE
TS 2EHIBHEMLCw 3, BERG IR ELR 0, BEEEIOINEL vy v v T2 AL LT

FHBA (T 2 L AR o T B,
Contact : KAWANOUE Shinsuke shinsuke kawanoue@omron.com Lo Lans, WES oL %KL 2 8lE i o 8L I
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X v, FA H & B © 1k, Man (A), Machine (B ).
Material (#1#}). Method (J7i£) D 4M ZEB) D SHIE 2338 Nl

LT3, BHEICHEEI N -EERANTTAEZZD0T F
HEHLTWw 256, BRIz KET 5, 2L CZh~oxf
WpsEEN D & WEARREORINC D225,

HERAZERRICAN T — & & HEimiE R o BR 2,
IMEE R LIk > CERAToFER»rbE (LT 22 L %
ave 7P RY 7R LIRS, Ch~OREE LT, ek
B ETE e, EER O HUUE IO LR L 7z S % 5T
i3 282 AL AFE BLbhT&z, LiL, 2h
LOTHEIFVTARA LELEAR XL, TEHOMER
Hol,

Afaciy, REEFREZEEL <, BEAROERK L 7 5
EEEEL., TN OEBICHEL 5 2 5 AM ZB) O L HEE
PRET 5, TNTNOEERD» L ER I N2 EBORT
MAETVERAET A2 EICk by, BFARROFPIRE 4AM
FEcksaye 7 FY 7 MaHEH T 3 FiELRE
T2, Ao, BEFHEICL T, ZNTHOERZ A
TE 3 &R ALERIGCHM & 12 SRR % VT
k3%,

2. ReE

KRETIE, SRV AT LORBIEEFIAL 725 2 T,
RN RO BB 2T BIC T ET 2a v 7 P 7
L IO WTCEIHT 5,

21 WHRVRAT LA

ML 7 P I o v, K 1IN T B,
Fyn
‘ )5 -
| l x?l)l_
F

i

.

= | L <
| 25 2—Hiik

1 Syt

FHHATIR . TN I T AR L 7281 (K1 ok
) ZEEromETE (M1 0k) HFNICHET 2 C
& T, WHERIBIRD 7T 2 F v 7 ER R >0 KB ICE
HETEZY, T, WHORNIFICH MR EES 3 C
ET, HMEOEFEICHICTE 2 2 L FHE R B, L
Ladb, Ml AREEHRER A7) 2 —IcBlig0 &2
&, BESSHAIC D C B I N A WRHIC AR L
b, TORRMDBFET ZREEWAMT 2201, ET
I, HHER COERAERT 2, FEINLLEW

BLEBIS CORMAEERICE T 5 a2 7 b FY 7 MRAITEORE

BB 5E. ARAFAET ZHIIC, SMETELHER L
EONKREERT L ENTE S,

2.2 B

BN R OER & 7 228803, BiffiicR Lz 1<
i, BHNE A & 70 RS T 5, fERIE. H D5
HEFTRELEZARICOWT, IREROEEEIC X 355
JEOEWERZEIRL, BEBRAET VERBEL < KA
FROTRZERL WY, BERMZEET 204
TH¥EETANRMEECE 3720, RRT— 2 D47l
BB CIANGTFETH S, ZOFREZMAL TV B4 LA
uy il chi AlEEH~ v AF—FF A—avay b
0 — 7 & RO TF L% Vv CEE A% Fi L 725 %
X 2 12w,

M2 Ekoro 7k, BRERNOEE TS BEEE R
Aa7 T, Y077 7 ZRERAE T VKT 2 HHA
BDO12THb, COETAIZERFEED L W EE 0.555
ELT, BBERRO PR ZERmT 5, X2 £ ohHi
2. BB Y 0 BEBRABRIFOLNTH A, Lk
2#%FD 114 v 2y UL, WiIcLEWEEZBL Y
5, Zhid, 114 v 2y PRI CAEL T 3 80 RI
BEHL 7072720 Th b, fEfe LT, MALEHOR
WRETICHRAMTE RnwZ itk b, BRELFEROARR
BT 37201003, 114> 2y F OFECTHYEEZ T3 2
ERMBICR BN, ZDXAIVISTEFEETL LD
WA KRV, 2Dk, RIIICE > TRAREZRAITE
BROWEEAEEMECCLE S, BISETHE A RIFRCHA L T
BrEdscicky, MEAREOEMAHATN S,

DLEA S, RFETiE, BEIARR O FIRIEA 0@ ic Al
REBELZRAT 2 2 HE T3,

;Il.l@l

23 REFERIIHIZEH

Al CR L7z & 9 ic, BERMZERPICANTT —x L
Hmws RO EE»r BTt av e 7 F
V7 FEMEE, ave T FY 7 MCiE, BRI
TET 2 b0L, ERNENT 200085 Y, kT
B ORIRAE 7 &0 AM BB FRETEH 0
CHEENG, NRE AT, ARMAEEZFC
o, AROFRRHDY T2 4 LEREREINS,

X o CTHIfI TR L 72 i i3, LG HI < o B % &
Mo, 2%k a vy 7 F F ) 7 P 2BAT 3 Fikic
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Feasibility Study for Embedded Al Using TensorFlow Lite
for Microcontrollers

KOGAWARA Toru and WATANABE Yasuhisa

In recent years, deep learning algorithms have been applied to sensing, and are contributing to the enhancement
of high-precision devices such as image sensors.

This study aims to apply deep learning algorithms to simple sensors that handle one-dimensional signals, with
the goal of improving their accuracy. Due to cost constraints to realize lower product prices, it is challenging to
implement large-scale algorithms into simple sensors; however, we aim to achieve this by utilizing embedded
deep learning platforms and applying model optimization techniques.

In this paper, we use a blood pressure monitor as a practical example of a simple sensor. First, we choose a
deep learning platform, and then we describe the method for integrating a pre-trained model into the blood pres-

sure monitor, as well as the techniques for model optimization. Finally, we evaluate the ROM and RAM capacity,
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accuracy, and execution time, demonstrating the feasibility of the proposed method.
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node {
input: "/fattention/Add_output_e”
input: “/attention/Constant_1_output 8"
input: "/attention/Constant_2_output_e”
output: "/attention/ATen output_@”
name: "/attention/ATen"
op_type: "ATen"
attribute {
name: “operator”
s: "unflatten”
type: STRING

ATen

1=-1

2 {2
operator = unflatten
overload_name =

protocZE iRt

attribute {
name: “overload name™
I
type: STRING

domain: "org.pytorch.aten”

) V
node {

input: “/attention/Add output 8"

input: "/attention/Constant_aAten_Reshape”
output: "/attention/ATen output_@"

name: “/attention/ATen_Reshape™

op_type: "Reshape”

initializer {
dims: 4
data_type: 7
name: “/attention/Constant_Aten_Reshape”

Reshape

raw_data: "¥846¥000¥eecxesey(LITAE)
} y
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A—7>iE# (OPC UA, PackML) Z;ERAUT:
EELEHDRIIA ADMILER

I EW, kG B2, PR ORGE, RIOR Bl

EFEDELEE IC BT, #iEnzo 07 —2 (FH) ZEELL. &KEteRrixit 35 2 & cEEEE BT
2EDOWY A FHEFTTITDIT WS, DT, flifEfIESHAEMEDBLO DDA R L <4 X (JhEM
i) 3. 2o HMOBEEIRICKA ZBIHTifibhTnd, 20T L IZHRMICEELLE KT 2 HETH D,
Z DML AHETH 5,

LR A AT 2 20 icHk 4 12, A — 7V EHECH 2 OPC UA (OPC Unified Architecture) '™ % PackML (Packag-
ing Machine Language)™® % i\ C., #UEHI CIEMOEE 27 (b)) Az av bu—7 FicsuCEHROE
LA ICERCTE 2R L, NAX A XBRERCTE 2EBOFELMAFBE Lz, 2nbic X b, HROFEHEL
ENAZZAZDBWN L, 20, RO DEEZERILL 7o,

AfE Tl LR Y fHADFEHNICOWTHHT 2, £, ZOMYHAICHE D Z, FKOIY #HA %D+ — 7
VEEHED AR P EFBEE NG R DT — AN AT S L2 IRET 5,

Realization to Achieve Both Standardization and
Customization with Open Standards
(OPC UA, PackML)

OGAWA Yoshiaki, TAKAHASHI Minoru, SAWADA Shigenori and UEKI Takuya

In recent years, many efforts have been made to increase productivity by standardizing manufacturing data (infor-
mation) and unifying the design and maintenance in the manufacturing industry. On the other hand, customization
(unique specifications or vendor-specific specifications) to create value and strengthen competitive advantage is
carried out in various aspects due to the importance of its purpose. However, this is contradictory to standardiza-
tion and the way to achieve both (standardization and customization) has become an issue now.

"9 and

In order to solve the issue mentioned above, open standards OPC UA (OPC Unified Architecture)
PackML (Packaging Machine Language)*™® have been used to develop a product that can easily standardize infor-
mation on the Controller which serves as an important hub (center) of information at the manufacturing site, as
well as several methods that can customize. These have made it possible to both standardize and customize the
information and to strengthen the separation of information.

The details of the above approaches are explained in this paper, which can be applicable to cases such as the

use of other open standards and individual customer support.
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Development of the Device Body Shape and Contact
Detection Function to Realize High-quality Waveform
Recording Effective for Diagnosis with the Portable
Electrocardiograph for Home Use

KODAKA Shinya and ONO Kenji

Traditionally, electrocardiograms (ECG) have mainly been taken using 12-lead ECG or Holter monitors in the
medical field. However, depending on the patient, symptoms do not always appear on the waveform, and there
are some patients whose symptoms cannot be detected by recording for a few seconds to a few days as with
conventional ECG. Portable ECG that can record at home when symptoms appear are becoming increasingly
important for patients and doctors who were previously unable to detect symptoms. But current portable ECG size
is too large to be carried in a pocket, etc. More miniaturization of portable ECG is required. For its realization, it
is effective to eliminate the display that previously showed waveforms on the device; however, this is expected to
result in a deterioration in waveform quality because the waveform display during recording, which was effective
in stabilizing recording posture, will be eliminated and it will be difficult to maintain a stable recording posture as
the device itself becomes smaller. This paper describes the results of our study on the no display ECG’s body

shape for recording high-quality waveforms and the contact detection function for stable contact resistance.
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Development of a Millimeter-Wave Radar Hood Having
Quantitative Snow Avoidance and Vehicle Detection
Accuracy

HINOUE Tomohiko, HAGIWARA Yoshiyuki and TANIMOTO Yudai

It is crucial to utilize an intelligent transport system that gathers vehicle information from sensors installed as part
of the road traffic infrastructure and uses this data for signal control and support for autonomous driving to ensure
safe and smooth traffic flow control. We have developed millimeter-wave radars for future traffic monitoring.
Millimeter-wave radars can gather vehicle information over a wider range compared to the other sensors. How-
ever, when snow accumulates on the radar’s emission surface, it causes the radio waves to attenuate, leading to a
decrease in detection accuracy. Therefore, we have developed a snow protection hood because we would like to
try spreading the millimeter-wave radars throughout Japan, including snowy regions. In this report, we quantified
the target amount of snow and wind for the design of the snow protection hood. Furthermore, we determined a
hood shape that would not affect vehicle detection accuracy by attaching the hood to the sensor, as confirmed
through electromagnetic field simulation. In conclusion, we would like to report those results that we have exper-

imentally confirmed the effectiveness in terms of both snow avoidance and vehicle detection.
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Development of One-component Epoxy Resin with
Short-time Curing and High Heat Resistance for
Mechanical Devices

OTANI Osamu, IMAIZUMI Toyohiro and FUKUHARA Tomohiro

As an adhesive for bonding dissimilar materials used in mechanical devices, one-component epoxy resins are
widely used from the viewpoint of their high strength and ease of use. We have also used one-component epoxy
resins for mechanical devices such as relays and switches. In recent years, from the viewpoint of eliminating
hazardous chemical substances, there has been a demand to improve the heat resistance of mechanical devices
due to the increase in mounting temperature due to the spread of lead-free solder mounting. On the other hand, as
environmental considerations increase, low energy consumption in the manufacturing process is required, and heat
curing at low temperatures and in a short time is required. In this study, the composition of the one-component
epoxy resin was adjusted based on the reaction mechanism of the main agent and the curing agent, and heat

resistance and low-temperature short-time curing were achieved. This paper reports on the technical contents.
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RENYIZPIRIAV N (VBM) K& BEEENE
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rai AL, pail A

Critical Chain Project Management (CCPM) (X, Ny 7 73 Y AV FiC k> T7 vy =7 b 23RN D HIE
DICHT XL 2RMET S, RENAT oY 22 b~=2 P AV FFED12THSE, L L, BoEHE
THEFEM: % oW %EFH% (Research and Development: R&D) 7’0 = 7 b2 CCPM %A+ 254, Ny 77 OE
K& FTECRUEESHL <. EAFHELEICL L OFRAMEL L WIRELDH 5, KL TlXZ 0%
fEd L, R&D 7B 27 P THNRNAE ANy 7723V AV I PEERTEZ 7027 b~V AV Fofilla e
LT, ANy 7 7<% 2 v} (Virtual Buffer Management: VBM) #4245 %, VBMIZ CCPM D X 5 ic 27 ) 7 4
ANF 2= VIHEINT XA %I T vy 27 b Ny 7727 HT 20 TERL, 7RV 27 FORTOXR
IEREICAN Yy 77 REET 2, 2hick Y, Ty s PREOEEEESE L. CCPM X 0 A7 WEFER CREE
B R A4 2 EH L 72, VBM X CCPM OFIH W 7oy = 7 ek wT, BIRREFRO—D L L
THIHATE 2522, A3 VBM O A I oW CEEINICEIAS %,

Virtual Buffer Management (VBM) for Effective Visibility
into Highly Variable Development and Reduce the Need
to Change Plans

TAKASE Shiho and NISHIYAMA Tetsuto

Critical Chain Project Management (CCPM) is one of the representative project management methods
characterized by completing projects efficiently and on time through buffer management. However, when
applying CCPM to R&D (Research and Development) projects with high variability and uncertainty, there are
challenges such as difficulty in grasping the situation due to large buffer fluctuations and the need for extensive
effort in plan adjustments. This paper proposes Virtual Buffer Management (VBM) as a project management
mechanism that can solve these challenges and implement effective buffer management even in R&D projects.
Unlike CCPM, which calculates project buffers based on tasks designated in the critical chain, VBM calculates
buffers based on all tasks in the project. This improves project status visualization and enables plan adjustments
with less effort than CCPM. VBM can be considered a viable alternative in projects where the use of CCPM is
challenging. This paper will explain the VBM mechanism in detail.
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Development of a Middleware for Rapid Prototyping of
Robots Based on Parallel Action Architecture

MATSUNAGA Daisuke, YAMAMOTO Tomoya, FUJII Haruka and KOJIMA Takeshi

To realize robots that can move flexibly in human environments and automate non-standard tasks, it is essential to
parallel process functions like recognition, planning, and control to enhance responsiveness. The parallel behavior
architecture addresses this need by executing high-level information processing in upper layers and motion
capabilities in lower layers simultaneously. This structure ensures that upper processing can influence lower
processing as needed, maintaining the responsiveness of the robot application.

The authors developed middleware for robotic technology to enable rapid prototyping of robots with such
architectures. This middleware provides functionalities that require expertise in implementing real-time processing
and parallel processing, thereby streamlining the development process. Additionally, using this middleware,
multiple robots with a parallel behavior architecture were developed in a short period of time.

This paper presents the specifications and advantages of the middleware, comparing it with existing solutions.

It also presents performance verification results and considerations regarding development efficiency using case

studies of the middleware and its development environment.
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Prompt Learning with One-Shot Setting based

Feature Space Analysis in Vision-and-Language
Models
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By leveraging few-shot data and labels, prompt learning acquires optimal
prompts that achieve strong performance on downstream tasks. However,
they often struggle when very limited data (e.g., one-shot) is accessible.
We tackle this difficult one-shot setting and present a novel prompt learn-
ing framework called the Image-Text Feature Alignment Branch (ITFAB).
ITFAB addresses misalignment in the feature space by bringing text fea-
tures nearer to the centroids of image features and separating text fea-
tures corresponding to different classes, thereby easing the acquisition of
effective prompts with very limited data. Under a one-shot condition, our
approach exceeds the performance of existing methods. It is also compat-
ible with modern prompt learning methods such as MapLe and
PromptSRC, enhancing their performance under a one-shot regime.
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Toward Al-Mediated Avatar-Based Telecommu-
nication: Investigating Visual Impression of

Switching Between User- and Al-Controlled
Avatars in Video Chat
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Telecommunications technology has advanced rapidly, enabling
Al-mediated communication. We envision users seamlessly switching
between user-controlled (directly mapped movements) and Al-controlled
avatars (autonomous actions) in daily interactions. For instance, users
may rely on Al-controlled mode during distractions. This study highlights
the importance of investigating auto-switching to enhance user experience
in Al-mediated communication. We conducted a crowdsourced video chat
experiment, analyzing how avatar switching affects visual impressions.
Results indicate improved impressions with appropriate switch settings,
emphasizing this research’s significance. To determine optimal settings,
we developed an adaptive experimental design tool using Bayesian opti-
mization, which we plan to release publicly.
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This study addresses the peg-in-hole assembly task using a soft wrist.
Rather than relying on fully observable setups and external estimators, we
use a partially observable formulation with deep reinforcement learning
from demonstrations. The robot learns to perform the task using only
haptic and proprioceptive signals and incorporates domain symmetry—via
data augmentation and auxiliary losses—to improve sample efficiency.
Simulation results with five different symmetric peg shapes demonstrate
that this method is comparable to or even outperforms state-based agents,
and it enables direct learning on a real robot within just 3 hours.
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Slicelt! - A Dual Simulator Framework for Learn-
ing Robot Food Slicing
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We present Slicelt!, a novel framework that enables robotic systems to
learn complex food-cutting policies through a high-fidelity simulation
environment. While autonomous cooking robots offer significant potential
for domestic automation, manipulating sharp implements presents unique
technical challenges in human-shared environments. This paper intro-
duces an innovative realZsim2real methodology for training robotic arms
to perform precise cutting tasks using compliance control. Our approach
leverages reinforcement learning (RL) to optimize forceful manipulation
policies, with particular emphasis on minimizing contact forces between
the knife, food materials, and the cutting surface. To address the inherent
risks and inefficiencies of real-world training, we propose the use of a
dual simulation architecture that combines a high-fidelity cutting simulator
with a robotic simulator. The system workflow encompasses four steps:
first, collection of a few samples of real-world data. Second, calibration of
our dual simulation environment. Third, learning the slicing policy in
simulation. Finally, zero-shot testing on the real robot. By enabling safe
and efficient learning of complex manipulation tasks in simulation, our
framework demonstrates a practical solution for developing robust robotic
cutting capabilities.
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This study introduces the Tactile Dipole Moment as a new method for
estimating tilt torques in gel-based visuotactile sensors. Unlike approaches
based on deep learning or detailed sensor modeling, the method lever-
ages electromechanical principles to analyze 2D marker displacement
vector fields. It demonstrates accurate torque estimation across various
tactile sensors and object geometries and proves effective in practical
applications such as USB stick insertion with a compliant robot arm.
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Swarm Body: Embodied Swarm Robots
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The brain’s plasticity enables the integration of artificial body parts,
allowing embodied systems to facilitate intuitive interactions. We propose
embodied swarm robots, where a collective of robots functions as
dynamic body parts. These robots can adapt their shape, density, and
mapping to body parts. We investigate swarm-specific factors affecting
embodiment, focusing on the hand, through VR and real-world robot
studies. Our study provides key design insights and applications for
embodied swarm robots. Through quantitative and qualitative analysis, we
identify an optimal system configuration to enhance embodiment. This is
the first work to explore these factors, offering essential considerations for
future developments of swarm robots.
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