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Robot Collision Avoidance Technology at Manufacturing
Sites that Applies Al Prediction Technology for Walking
Trajectories

NING Xiaoguang

In order to enable humans and robots to work in the same shared space at manufacturing site, robot trajectory
planning technologies have been developed for robots to avoid collisions with humans during operation.
However, by the conventional technologies, since the operation must be temporarily stopped before the robot
performs the collision avoidance, the robot frequently stops when it comes into close contact with a person, and
the productivity is significantly reduced.

In this research, as one of the technologies necessary to solve the above problem, we are working on an inno-
vative technology for predicting the position of the human body in a few seconds ahead at the manufacturing site.

This time, a novel method has been proposed by applying an Al-based human walking trajectory prediction
technology to the prediction of the human body position at the manufacturing site, and evaluated the performance
using one case at the manufacturing site. As a result, the proposed method is able to predict the body position 4
seconds ahead in a processing time of 0.4ms, and a technical issue has also been identified. In addition,
comparative evaluation experiments revealed that this method has better prediction accuracy and a processing

speed of 10 times or more faster than the orthodox time series analysis method.
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AN T =2 EBRCET 2T A% (kta) D
Fa—=v /i
AEECIZ. ki [1,100] o#BIC 14 A T, al
[0.04s, 4s] DHIFHIC 0.04s HIATF 2 —=v 7 L 7=,
AT =20 (L b)) ORE
KEECIZ, PR T — 208 () %30, 50, 100
D3R —vic, F— 2B O (b) % 0.04si
FRE LT, [ bOAFICI Y, FHIFTRERR (x
b) % 1.2s, 2s. 4s & L 7=,

5.2 FHEAE

ARt O EEREREGIC 5T, 1 ADEZEE AR 0 B A4
THUE ISR - €. FLE OB %2 30 BV IRd, Z ORI,
AB O FHIY 27 4 (F4) 12X Y, (F¥E o0
7 — 2 %HUG L, 30 MWD 20 [DF — 2 %2 EEHT —
ZELTH, FEB2¥EEE3, BVo 10 o7 —2%
i T — 2 & LW, FuE IR L <, 1.2s, 25, 4s
Stk LEEME PRI L. LT ok T, FRITERETEE
TRl L7z SWEDYE - FHIlH T — 2 08K 2 10w T,

- TIHI LIRS o FAM 5 ik
FhET BRI, R0 FRILEE OS5 (K5 0k 2
vav C) OFEKRMEL—-T T LICEHT 5, 20
IR o Fo K % TR R & 3 5,

- IR RS o ST S R
FHEICH LT, DRSS S h a2 L
Iy FEAEEATE & TR AR O A B2 R L.
K% FHIFEEEE S & 35, RFERTIZ, B
[PEE +30] 2 AfEE T 5,
L—H¥2F X FOFHIEHEHE S D2 IC X 2 BN K E
{, v HoFHlIE S 2% %K 5 O IT— NI 36 T
i35 2 &b, [THIBERERZ] 1ICBAL T 36 T
S LT B,

53 ERER
3.1 ffi, 3.2fIICEEHE L 22 TR ICHE .
WEREARIICE LD D,

A 17> 7o

# 3 DBT FEDFHlfER

1.2 132 0.1 304 0.2 131 0.2 150 0.2 110 0.1 279 0.2
2 130 0.2 416 0.3 113 0.3 153 0.2 112 0.1 303 0.1
4 151 0.3 544 0.2 123 0.2 184 0.2 109 0.2 345 0.4
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FRIBEEEGE A2 C 0w T, PRI R VI EFEN K E
(B 2560% <, 1.2s T oEE ORAGREL 304mm
LY AW BEEICH L CTIRTREESH 2, 458 E T
FHlS 254 O RKMFAH 544mm & 72 Y WHE #2 TIEE
L7zZ L ZERTE T,

TRV IC D v T, &2 TOERT — 2 T O YRR
B lms LFIC72 ), mAMED 0.4ms TH 5 Z & AT
oo HEED 40ms %27 V7 L. KFEO TS 27 LK
T 40ms [EH] 0 HGE FHELER 2SA[RECTH 2 Z L 2300 - 72,

SHOYGEDT=DIT, EERT — 2 EHWCREEICHNT 5
PO T %I LT, RAKCKWBED 1 H A 7 0H7-0D
{FIEEE e ARHE IR 2R3, IR & i 2 i h
DB E LC, WUE #2132 13 4 2 4B 72 0 DIk [EEAS
% #6Z1H A4 2B 0 OEIERFAE W C & 235
Hofe, THICXY, FHNRPLED 1 94 7 vH7h D
IR - {7 IR RERE 23 T M BE AR 2 1 B R 5. 2 T B ]
BEVED D B 2 L B Do 72,

x4 HTRPEL YA 7 LHTY) OFIEREIF & K

f=1k[E%% BEHEIERRE [s]
1 4 8
2 6 12
3 3 6
4 4 8
5 2 4
6 4 40

5.4 fERFEL DLLER
DBT % 7= R 9E O Pl FiE 0 FlIFE R & g3 2 7=
WiT, 5.1 DR THIS L 72 6 - OHE O RER UL AR

ATIIED AT FREN 2 8 L 7 8E8gcon R v b ERME L

DIEZHNF — 2 2 HWT, 5.2 DI EICHE > T, A—V

Ny 7 Z I R R AT T & T 72 Tl & ST %2 1T - 72

=YV Py o7 2AhFiELE LT, ARIMA €74 & LSTM
ZERAL T,

ARIMA & 7 v ix, H BRI BT 70 0l
T, HEHECRERVIBITICH O 2 REBEW AR FETH
%%, Z[alE Python ® Darts 74 77 U Rl L 7z, HZ
EFENTHATRED 7z (R OB X &Y o2 E 3R % HIE
WAL, Tl Z4T 5 72,

LSTM % Long short-term memory D¢, RNN O —Fffi ¢
YO ERMRFCHISETE 2 X5 1C L0 2 K TH 27,
4 [a]1% Python ® Darts 74 77 VY i L7z, $EEOT
HIAH[EETH 5 72, DBT & R ICFETLEEX &Y
% 1 DOEEBCHEHCTHIL 72,

3o0FiE (ARIMA E5 4, LSTM, DBT) Ic kb, 6
D DB IS 2 TRIERRER 7= & WUERIRR ] o RIS SR & R
51C/RT,

PREfEF B LT3, 1313 DBT < LSTM < ARIMA T
BB EDMERTE -, PUE #4 1T\ T DBT DA
ZNLSTM X 0 #F L (KL, oI 5Tl LSTM &
RIS TR K T & 23900 o 72,

WLBRIEERT I BE L <1k, DBT < LSTM < ARIMA T» %
T AW TR TE, DBT @ FHILE X LSTM X b
10 5L B 2 & 2393 Do 72,

6. LIV

AWMFETIE, RL—X7 ANm Ry MMEZREREEZ KBS 2
Te®IC, ARERALE T HI B o M REFR IR & Bl % E £
L., RO BE2EME L 52 2_—21C, AlIC
X 2 HATHGE O T B % BHEBE o AREALE T8I G
M4 2 FRzRELE,

&5 3 ODOFHFEDEER

38 #1 38 #2 38 #3

ARIMA | 620 54.1 612 41.3 296 42.7 | 232 30 178 51.2 432 40.3
1.2 | LSTM 135 9.3 309 8.9 131 8.9 | 253 7.9 126 7.9 278 7.9
DBT 132 0.1 304 0.2 131 0.2 | 150 0.2 110 0.1 279 0.2
ARIMA | 781 62 787 42.8 365 1100.2| 219 25 218 519 555 52.0
2 LSTM 137 13 436 12.8 99 12.8 | 278 11.3 128 11.3 312 11.2
DBT 130 0.2 416 0.3 113 0.3 ] 153 0.2 112 0.1 303 0.1
ARIMA | 901 48.5 900 42.7 366 43.7 | 224 40.2 148 42.9 770 32.8
4 | LSTM 145 22.9 589 22.8 104 229 | 350 20.3 118 20.2 369 20.2
DBT 151 0.3 544 0.2 123 0.2 | 184 0.2 109 0.2 345 0.4
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U 7RSS T 4 v ORI X Y 2 0 FikoshiR %3
fili L7z, #HEE LT, 0.4ms DYLINIRAC 4s Jo D ARERNL
ERTHIFRETH V| mA D THIFERER 2% 544mm TH
Do hoTe, i, WIEFHHERIC X Y. RAFLIX
A=V F v 7 AR FE L) FRBERAEALCE
D, AP A 10 f5LA B0 & & A3 o T,

AFHEO PRI CB L <, BEEER T3 e H
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T, Bl Z I EFE B O IR 0BT 25 LK O TEEIRED B
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25T LIk o TAIDHIMIREE 2 L L, Tl
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A L= ANmaRy MMEZEEEEERE L, Ktk e AR
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V7 NI —MiEeRbUIREREREAT LA
D FE

hET gz

V7P —RNTOY AT LEFEICX YV EMEABREE LT 2 2 &, REMEER MR L 7085 3 i@ L
Bl 2 EEEOE WL e AT LR L 2O THRET 5,

BER T AL 20 BERLE LOHHictiy, 2= VicsT s —@Eory by — (V7 x5 —) HRE
EloTw3, V7 FPZI7—IC XY PEEAE) IREIN T E T — 2B —RicEEbs T, v AT A
D—IRRFIECY AT L E Y VR &R TENDE D 5, PFEFREETE O X 5 I 24 R E L Sl a8 %
BO O I B »Td, 20X 5 n—K7a s 27 AMEIETH K RFIRBESRET 5,

— 5, FERELEREE R SIS R X T w» 3% 4 PLC (Programable logic controller) (%, 224l i B 4
53 RCOPERER P A2 ) BN L CHOZW 2T, BEAEBELZRE L ZE6RE S ICEE Z{F1E
T2XcHlffld s, 200, V7 rZI—iiR LT T —2{LIARET S L, e PLC REELZFEIESET
LE I enb, REMRIIHER L o DN fF 1k 240 2 R FEE % fkfe 3~ 2 KAk o b T v %,

COFREICH LT, e EERY Vv AL =Py 2 TIEZ R L CLeREL MR T 2 e R 2T T
37, V7 b2 79—tk 37— 2L RIHL T, T5ICTF— 2 DEEEIT ) HEE D EI T 2 HfT 2K L 72,

Kifilid, DY 727 —c k37— 2L 2B L CF— 2 DEEET I HEEO Bk FRK L. Z o
DOREHERICOVWTE & D 3,

Development of Highly Reliable Safety System with
Enhanced Tolerance against Soft-Error

HIGUCHI Toshiyuki

We report on the development of a highly reliable safety system that ensures that the equipment continues to
operate while maintaining the safety function without making an emergency stop due to the system error caused
by the soft error.

As semiconductor devices become more highly integrated and miniaturized, transient bit errors (soft errors) in
memories are a problem. If data stored in the semiconductor memory is temporarily modified due to a soft error, a
short time breakdown or a system down may occur. In equipment that operates 24 hours a day and handles expen-
sive materials in a semiconductor manufacturing factory, temporary stoppage can cause excessive profit loss.

On the other hand, Safety PLCs (Programable logic controller), which are often used in semiconductor manu-
facturing equipment, perform self-diagnosis on all semiconductor integrated circuits and memory circuits related
to safety control, and immediately stop the equipment when abnormal operation is detected. Even if data is gar-
bled due to a soft error, the safety PLC will stop the equipment. Therefore, there is a need for measures to main-
tain productivity while maintaining safety functions and suppressing unnecessary outages.

In response to this issue, we has realized the technique not only the function of detecting random hardware
failures that impair safety and maintaining the safety state, but also the function of detecting data corruption due
to soft errors and recovering data.

This paper describes the specific measures for the function of recovering data by detecting data corruption due
to the soft error, and the verification results of the effect.

Contact : HIGUCHI Toshiyuki toshiyuki.higuchi@omron.com
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1. AW Z

TGN I 5 MR > O AMER#ELZ HI e L%
VAT LD BT, K% 4 PLC (Programable
logic controller) 23 £ & T\ 3, £ 4 PLC & |3, IEC
61508" %R & ¥ 2 EEL B O A2 IS L 7= &4
Hliflo7onoayvyite—La=y s CThs, (FEZEDOLE
ZHEMRT 2720 ICKEPLC BFIHEI NS 2 &5 6, M
i D fE bR 7R BE % %4 PLC R il X v M © %
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O PLC I L C&et: & FEE 2 RERICmED T b,
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HHEL LT3, 2070, KEBO T 07T Lk E#ic
LIRS 2 P8R T N 4 A3 PLC I3 EEI TV 5,
%4 PLC 13, RAGIHENICEIE 3 2 37X C o PR LR
e A= Y BEICH L CHOBM 21T, B R EE 2 M)
HLZGAERELICEBEYFIET 2 X 5 ICHflfls 2,

AR O PERT N 4 2 O E RIS X ORHIHE I,
AEVICEFZ—@Eory by — (V7 b2 T—) A
FHEINTWS, V7 b2 o—lF, Bz aki T dHiR
FPETOMERICE o THEL S, T2, Wl BYICX 2
7= 2T, MR L o AHHIHIEEE 7 &2 & HFEIC
RGAL 7 A Xic X 27— 2T b FRICHEE o T
Tw3, ThoDy 7 b I—icX b, PEE 22 ) I
FINTBET — 20 —FicHEftbs e c, v 27
LD —FH 7238 EEC v AT L2 Y v BT R TN
BB, HHEAELE TS0 X 5 24 BiREREE) L & 7 b
BHEIY 5 FFicBWTIiZ, 2D X5 KLy 2T
LFIETHBRAFRIBR LI TS 5720, T OXHEH
kwobnTwnz,

V7 I I—icXbey MR RBT 22, BXU
vy P NREEDOFEEL 72T — 2 DEEICO W TIlE, Error
Correction Code (LAF. “ECC” &t \w95) #HHIT B Lic
IYWEHRTEZ LA NSO TS, LiL, %
D X 5 7 ECCHEREIC X 2 W A2 L4 PLC IGHEM 3 % 729
ICiZ, BCCELEK - F = v 7T 28— Fy = 7%
WEINZAEY)LMPU IKAH L AN R bhnizoa
AbEERD, T, T4 RDOEFIC K Y REPLC DY
FREAIAT & A PEaTN % PRI U e i g & 3, 1D
IKZ D —Fvy = THIF TGN E & 7 5,

ZTT, V7 2TIREBRELEFTY 7 b T —iiif
PR % 12 2> 3 Z 4 PLC DRI ICIY #HA 72, V 7 b

22 (22)
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RAMT —&%Fzv7,

Clock Clock
™ |ls
°
o
ROM RAM i ROM
MPU A

1 MPURBICTOTF—4XF vy
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TTF—2DBEEZITIKEOERHD -0, UTD320Y
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L. SR & 75 2 2880 B -CfEF 3 2 Al i 2 B0kt
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ZOBEEIT) LR TE D, K2ICEKRT—40 3E[L
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ECC<>EITEHRTHLET,. EHABCIE
AEY EIZ3ELSND,

A.original
A.copy1
A.copy2

ECC<int> A, B, C;

A=B+C;

ECCRICERESN-EREMEAT HANIC. 32D T 405 BHIR
HEETV ELWT—22HESE D, FEGT—RITOVWTRE

LULMEICETES %,
B.original: 1 Load
] e
B.copy1: 1 oo Result data: 1
B.copy2: 0

X2 ZHT—203E{0NE

3 O@i"“ﬂ@ ) 1‘9‘ b\‘ﬁ‘h@i"‘ﬂ %4£ibﬁu‘i%él\
BT o—e32, M3 ICHERUBOENZ RS,

START
.Original ==
X.copy1

YES

.Original ==
X.copy2

YES v YES

X.copy2 = X.copy1 =

X.Original X.Original
YES

\ 4
X.Original = Critical
X.copy1 fault
\ 4
END

3 FHT — 403 ENE
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AE)EHOCTHFWEZETT2 70wy Hix, LY
AZENKT 5, LYRAZXI, BIECAE)ORET F L
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BT =R VLV AXICEHRE S 28E (PopifF),
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REyORAU4E
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k funcExit();
}

B4 REyIRAVEZOFHHL

23) 23



OMRON TECHNICS Vol.54 No.1 (#i#& 166 ) 2022

functionEntry():
RByY~BEESE T
T—4&3aE=

memory

\
copy2
Copy By
Compare

ot > C rglfect

Stack

{ (nowSP)
(prevSP)

K5 X&Zvon3EL

original

functionExit() :
BRI T 4L
OE—% HLERIEIE

3.3 AREICK P T 7 -REBETH

SI1MHICHEHOERT —2 D 3 EAWUHIZ, v s T L
DEITICK o TEB R FAHTERIC, ZoFiAaH LICEkY
TETFLADT—2IHMEEEND, 727, FERDH
AHEINZHEIZ, 7T LcikET 5, ZAalians
FEDOEWERICOWTIE, T—2DBEINIEEIS
{7, LaL, #AHINBBEOERWERKICONWT
k. T2 oBEINIEENDRLRY, 7 -0 RE
325 Z L TRAM hD 3HEALINEZEBDOT FLADI B
BEOTFLRCHRLTY 7 27 —2iE2 W55,

FDED, AL UVA—F VBIRY T —F VI THE
XN BB AR L D2 27 DETEIFM, FI—D
B A2 3T, FOED O N M AR AT AT &
I ARETT AL e LT,

X 6 1C 2 2 7 FATHER & & 3 —JLHEEE & FA sy H AL %
R, HAGHIMMEHOHE 1 ~FE 3T FLRE AL v A E
UOT7 FLAZRL, FEATFLREAY P FALDERH
F—&R, E2LEIT FLRAFav—0BERTF— 2 %2R T,

SRORITH ’ [ szmms |
X Ta
/AR L HHIER o
BIATH WIBER e
) An
EHE £ EI7FLR | $27FLR | $87RLR
Al |int | 0x1000 0x1004 0x1008
B1 int 0x2000 0x2004 0x2008 e
An | char | 0x6000 0x6001 0x6002
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Consideration of Improve the Machining Accuracy by
Disturbance Correction Using Machine Learning

NAGABAYASHI Yosuke, FUJII Takashi and YAMAMOTO Shintaro

At the manufacturing site, it is required to improve the processing accuracy while maintaining and improving the
productivity. As a result, in recent years, variations and fluctuations in materials and machines at manufacturing
sites cannot be ignored.

At the manufacturing site, in order to suppress such disturbance effects, various control methods are devised
and production equipment is adjusted by field workers to prevent deterioration of processing accuracy.

Generally, feedback / feedforward control is used to suppress the influence of disturbance, but the effect of
feedback control may be insufficient because the correction is performed after the influence of disturbance
appears. Further, in the case of feedforward control that performs disturbance correction using a mathematical
model, there is a problem that the prediction error becomes large and the machining accuracy deteriorates in the
controlled object that depends on the usage environment.

Therefore, in this paper, we propose a method for improving processing accuracy by disturbance correction
using machine learning. Using the proposed method of bottom dead center correction control of the servo press, it
was confirmed that the machining accuracy was improved so that the MSE (Mean Squared Error) was 1/6 of the

conventional method.
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Realization of the High-Speed Robot Manipulation for
Variety Parts by Data Abstraction and Simplified Control

ABE Masayoshi, KAWAKAMI Shinji, KANAI Akinobu and SAITOH Yumi

In recent years, the labor cost of high-quality workers has been rising in Japan and other countries that have
shifted from manufacturing to services, and there is a growing need to automate robots in medium- to low-
volume production, which has been done mainly by hand. Therefore, we focused on the kitting process, which is
essential in the pre-assembly process of medium- and low-volume production, and examined the feasibility of a
robot technology that can (1) perform at a speed equivalent to or faster than that of a human, (2) adjust its
position and orientation, and (3) arrange various parts in a predetermined location, so that it can replace human
workers without reducing productivity.

Among the issues with the existing technology, the hardware issues were addressed by improving our existing
hand. In this paper, we define the abstract data required for robot task execution and an architecture that
automatically converts the sensor data acquired by the robot into abstract data for control, in order to solve the
software problem that requires support for various parts and increases the manpower required for programming.
This paper introduces a high-speed handling method using a robot that can complete tasks without increasing the
programming effort. We also report the construction of an actual kitting system using our method and the
achievement of (1) to (3).
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Efforts to Improve the Accuracy of Board Appearance
Inspection by Using a Multi Direction Imaging Method
and Automatic Optimization of Inspection Criteria

FUJII Shimpei and TANAKA Takashige

The wetting inspection of solder on components is the most important part of the board appearance inspection.
However, solder forms various shapes due to the shape of electrodes, pads, and lands, etc. In addition, it is diffi-
cult to correctly measure the solder shape due to phenomena such as shadows and secondary reflections caused by
the board design and various surrounding components. In addition, even if the solder shape can be captured cor-
rectly, it is necessary to combine the measured values at various points in order to set the inspection criteria for
determining good and bad solder. In this paper, we propose a method for automatically determining the inspection
criteria by using a hardware structure for the lighting and camera imaging systems that accurately captures the
solder wettability and eliminates the effects of design constraints such as secondary reflections and shadows, and a
combinatorial optimization method. As a result of verifying the effectiveness of the proposed method, it was
found that the proposed method improved the correctness of the inspection criteria by 4.9% and the incorrectness

of the inspection criteria by 3.4% compared to the conventional method.
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Fast 3D Object Position and Posture Recognition for Bin
Picking
HATTORI Kosuke

In the product assembly process, there is the work of supplying parts randomly stacked in a container to an auto-
mated machine. This is called bin picking. In response to the recent shortage of labor at manufacturing sites and
the increase in labor costs, automation of this work is required. By realizing bin picking using 3D sensors and
industrial robots, it is possible to manufacture a wide variety of products by the same system, and it is possible to
reduce the cost and time of the start-up of the production line. At this time, in order to realize the same speed as a
human, it is important to have a technology that can recognize the position and posture of a part in a three-
dimensional space with high speed and high accuracy. In this paper, we propose a three-dimensional object posi-
tion and posture recognition technology consisting of coarse search and fine alignment. In the coarse search, the
rough position and posture of the object is estimated at high speed using PCOF-MOD feature and equilibrium
posture search tree. In the fine alignment, high-precision positional and posture estimation is realized by optimiz-
ing the three-dimensional space and the two-dimensional space using depth image and RGB image. When the
proposed method was evaluated, it was confirmed that the estimation accuracy of the position and posture was
improved by about twice compared with the conventional method. In addition, it was confirmed that the recogni-
tion time using the proposed method was 146.2 ms on average on a computer equipped with a CPU of Intel®
Core 17-7700@3.60 GHz, and both speed and accuracy were compatible.

1. $ZH'E BRHL o T, HEORIF OIS TR IC S
AR, WEHEcO NFARP AR OEESELL <, Man e AT 2 7k -2 LT, A=Y

Lo AEKTFL T 27 - A - X TRA ORI 74 —X— LR 2823 2 20 0B OKEZ
3 2 7ik03H 5, Ll »S—=Y 7 4 — X — 3k

Contact : HATTORI Kosuke kosuke.hattori@omron.com CHHICHI I NAEELTH 2 -0, SEEICE D T

(63) 53



OMRON TECHNICS Vol.54 No.1 (#i#& 166 ) 2022

S EL R AEFET 4 VI h BT D a2 b AN
TOHERD 2, Tz, REREEPE S E LT LI
R TEFRZ AR ONDE LI HELDH D, %
2T, av T FRNCEEECHE T NEL BRROMM 2
HEtE~EG T2, WbWw I NTHEAY Yy Vv 7EHEDH
@fkrkobhTnwd, 3D vH LEEMAury F2H
WTATEAE Yy F Vv IREHTERIE, cho 0%
fRRTE %,

NIMWEHBE Y F VI HERT 5720 0— R R O 5
iz, @O3D % v ¥ THEbS D RGB-D H{R % B L. @[
BICHEAE D 3 RICCAD b K L 7= ETF A~y F v 2
DL THADOMELRR LR, OF OREHHERIC
AbETHMELRCcE2rRy by FiE2H
ML, @EHRLAMEICT Ry P 2BIEX G852 08
5, EWIHFINTHL, TNLOUED S H 3D & v H %
R v b r—F 205 IO ~QTH 5, WG
BCANERERERTAIMAY Yy ¥V 72 ERT 5720
I, QOVMKROAELATBMIPFFICETTH . AT
TR A D ERE I 7 3 RITYIMAT B AR AR ET % 12

35,

2. FEEMR
3 RICMRNIE LB & 11X, 3D & v 35 5 B 72800,
D 3XTCREM ETofERSA (ET. T, T.XUPEHER,.
R\ R D657 X—%) {fEETIHEMTHZ (K1),
INECREINTE 72 3R E LR T
KEL OIS B LB TE B, —2I3 3RICHBEIC

WO FHEY Y 5 —oik 2 RITHFEERICHE S T
%ﬁé)*u) <h 3,
B (T, T, T,)
£8(R, R, R)
(D

P

1 3RTYHMBLRBRHATERT 5/87 X —4

2.1 3RFTREBICEDICFE

3RITHBEICEED K Fikld, 3RICCAD R ED LA L
TibmOET L E AN T —20REICEITE, =TT LEA
NT =2 OBEEN G LELRSE BT 2FETH 5,
ETARERT 3 FEL LRI SR & O ERR %
7R U 7= spin image" % — & 4 v bR SRED ER T &
A} 2°F L% FH L7 FPFH? < SHOT?. 2 sl o BfRik:

54 (54)

AR L 72 PPFYY L Eo TR ONT WS, Thb
O TEITBERE 2GEL . T 72PR o R 3EH# R A
TEEEME MR L 2 L AR LT w B,

2.2 2 REEEERICEOC FE

2 TP IcHO K kTl KR A il otk

ZH7- % %@ RGB Hi{§ & 7 7 Wi % v CRECE % i
HL7zT v 7L— 12 TPOfERL CTh &, FElcERIL =
WREZENS LBAT S L CUBEBLBLHEET S, Fik
LT, BT v 7L — MIRE & by 7 A % A
BbeEFE Y 2, BEekoT vy 7L —FEHAWVT
BRMZER ST 2 FE 00 B85 2, RiFE. 6 LTo
L[ > O I AEAE % PEER S 2 LR IC IR fE] 23 20 2 B 23 B
%, %EIX. BROBRICL2MEDH LW B2 TIcD
wf%yfv—b%ﬁﬁbiﬁﬁéﬁ%ﬁ%ét@ LULEN
D FEHE S MR FRAR L DS L 72 35 & (LR R R 23 BT 1 12
Wind 2w HrlEED -7z, 7:% L <, =Lz
FH# & <% % LINEMOD'? % PCOF'¥ % PCOF-MOD' #%
vz T, MEESE2EEIcE#Eks c eaRah
T2, FEiZ PCOF-MOD I3 o sl & Ko — 2> D
WM HOZZFREETH D o TR TR E W
ZERINTHBY,

T2 MR LB RZHINT S 2 7 7 Al esE s
%2 & OIS EME RIS A T B E o B D
INTEERDO FRT — 2 2N RYE P GBI E
£ b0 FIEFICHEMETH 270, YED 3 IC CAD ©
AP ORBICLE R T Vv TL— bR EEETETAERIER
TELZENEE L,

TN EEEFE AR, BERGOET 7)) 7 —
va VICGHMRRE R BT &l - K AR 2 72 3 RoT
MR AIBE RS TFEL LT, TVv L —Fr~=vF v 7
HOLKFEEH S

3. 3RTMBMERBRBFE
ﬁﬁe%ﬁ%ﬁjuf KICBLIB LB E EBT 5 7

IS, PIHEDO R E 22 7 118 % S ICRR T 2 SRR &
Tﬁiﬁ*aﬁﬁt@tb@#’fﬂﬂhﬁéb%# b7e b ik ket
T 5, MBPEE Cld & E M & REE 0 Bl & PCOF-
MOD Fiffiie & P LB Rz W FEz RS 2,
FEMALE G b Tt BUEIRB IS T 2 AR o H
R L Cd RO EZRBHEERE 2 FEH T 57201, 77
AM{R & RGB R % HEH L 2 E G bR TEZRET %,

3.1 AEER
FL# SR T 13 PCOF-MOD i 2 w727 v 7L —
LT, CFIER SR A O RAME (TS C
LTtk DK E AR ELRSE mEICEET 2,
PCOF-MOD (Perspectively Cumulated Orientation Feature



IR 2k

Multimodal) (Z¥) & D L IC Xk % B2 5 D 2 ic
L., FBCE3MEDR 27O -2 a v L EMES
xS AN A WA X e ETH B, T L — b
TERL T I3 D K8 % 2540 X 2 7= 5B D 7 7 A Hif% %
WT, MIROERE AR £3 T 7T AN~ 7 b e Pk
DOERMEFH# AL TERTRNZ P AT 2, 2L T,
BRMICHB e A P77 AR e A P 77 4
ZER L. &EEDOL R 2T Lot L CHEERME o
HaoHERUMNET 2y b & 12 L7z 8o %
PCOF-MOD ¥ e L<iitid 23 (¥ 2),

P RAERARIIRE O R 2 7 v 7L — B o
RENTERKRTH Y, KT v 7L — F ODEEREE)—
72 X KEOES P/, — NIcEiET 2T/ —F oD
TYTL— R TELRFE IR D X I E T
W3, BEWHECIEER Y T 3 v F DR b KR E O RE
X LT, HERBAERAKOB ) — Yo T v 7L — &M
WO L ERERS LEME RS 2, T oIc@mls R
Do EREC R L CIRER Y 7 2y FOMRGEEY T
J—=FDFv 7L — b EHCTEHERBEEZEYIESC L
T XY, W EcomkofEEEERcREET 5 (K3),

REBICYIED 3 RXIC CAD Lo 3 RITHAE & A ST -
TO 2 RITHAE & ONIGRIE % Flv T PP [HE % i 17
T X VRO KE D RMBELRRANMECTE B,

(a) F7RARRZ kLA (b) E#R~Y bLAHE

A. ori: 00000000, w: O B. ori: 00110000, w: 316.8

400 — 400
% 350
5. 300 5. 300
§ 250 — - E 250
3 200 g 200
£ 150 £ 150
L I ——————— 100
- l_._-.._._-_-. B .

0 0

012 3456 7
quantized orientation

0123 456 7
quantized orientation

C. ori: 00110000, w: 472.6 D. ori: 00100000, w: 763.4

90 — 900
800 —MM 800 —
70 ——M 700

3 600 g 600

g 500 g 500

2 400 g 400

= 300 & 300

DT S ———
100 —— M
0

01 234586 7
quantized orientation

01234567
quantized orientation

() R PLARADER NI T LEBFE
2 PCOF-MOD % E it

NWIWEAE X2 7D DG 3 KUY IE LA D1

depth 0

depth 1

depth 2

depth 3

3 FEEBREARZAWIERR

3.2 FHlUESHE

B GER CHEE L 72 ALE LB 2 Kot o Bowiliffic o
W B 720 R T OB IR  WEBIT AT O
friE (7)) &% (R R) WK L CTIRFEEMAE N, 22
T, MLERBHEEHEE N LoD 7= O ML E A b2 21T
Do

3XICEM EcofiEA b kL LT, 3RJC CAD
POAERL AL T 7 RAER D 572 5 ST ICP
(Tterative Closest Point) 74 =2V X AW %@ LT 5
R TH D, L L, 77 RAEED A% > 72 ICP
T, EEOFHERTHR S LT3 X9 RBMIR O
(M7 DFAE—7 L) NEEEFICEENAC L THoD
R L2 2 70 X5 B BT B Tl LT o Z&E
AN B (7. T,) &laldE (R) O W< H
D, MEZBOHEEREMET 4 2381 H 5, SLERE
TEHIDFALX =D X H T, FICFH TR X 2 Bl
RoHRDLKFEET S, 22T, Vil 2R BVWES
THRWEZEAOHTEHE RO N2 MBS DT
EERRET 5,

RGB-D H{§% A7 A b e 217 5 BRofi# e L <.
RGB Hifg |2 Hi G i cofiE (T, T,) &Elfz (R) D
ERENE L, 7T 7 AHRFETTAOAME (1) LHEX
(R R) DHEEREEA R Ve Z D, REFIE TR
FH a2 & & TBRBRAHERE O E% X
5,

7 7 A Wi & RGB [Hi{§ % {# - 72 FEMALIE & b 2 O JLHE
DHENIZK 4 DY TH Y, 3RIUEM LECOMEA DY
E2RIuEM ECoEAGbEEZNENERL, REIC
BuolfER e T oiinctd s, T3, HEHERT
BonFfERR L, 7y 7L — MEKRRICTOERL 72
3RICCAD Lo iff e, 7 7 RGOS E AT & L
TICPIC X % 3RICLEM LETOMEADEZITH, Kic,
3 RILZAEM ETo ICP CHEE L 2 L8 % T 3 Rt

(55 55



OMRON TECHNICS Vol.54 No.1 (#i#& 166 ) 2022

CAD % H{§ FPciZ L=y FEERZIER L. %
DERICH LT Sobel 7 4 A X &=z v JHiHIC X

W EoR a2 E 5 (K5), KIT, RGB Hi{§IC ﬁ
L<iEpiETc y Sl L 2Ef L vy b Ef D
s s ERAGDOE., FEM O ICH 5 RGB Wi o
Iy VA TERTAC LIC LY, S oICEG R &
M3 2, ZoOWEBER2 S, 2 RICZEM ETO ICP 2175
Z Ll e, ¢, & M50 ZHEE L. PnP [
BER Ceic X hmgTrmcREt LT, T. R 2&
M3 2, RiRIC, 3XICEM ETo ICP THI L 72 hrE %
RDT. T, REZNOTEZMMZLZZLICLY, 3T
e & 2 RorZeM CchRof L 2B R AR5 L TE

50
START

T IR
(3RFTCAD & 7 7 RER)
‘ L 3RITTEETD
fIBEHE
SRTEETHUBAOLE
(1,1, T,R,R,R[mm]% &)
v -
TILT oy MEHRERK L R EHH
v
XI5 M IRER
(¥x v itk e RGBEIR)
7 L 2RTZEMTD
A
RRERCOMBEEDE frEaHe
(t,,1,0lpix] & F3&E k)
2RILBRN3IIT A — 2 (1,1,0)%
BRTTEMD3I/NT A —Z(1,T, R)/\Eﬁ

v

BRTEBMONMBEOERERDL,T
&niﬁ@h%ébﬁ%%T%ﬁ

END

4 FHMUIEAELEOZ7O—Fv—t

el Iim

(a) 3&kT CAD (b) ¥ixTv bEER (c) 8P _E DS
K5 2RX7TZERE® ICP BB ST

4. FHERE

LGRS IC BT 2 EREM e Ry P ofFE 2 2 7 2 E
L. V=7V 74 dHili 7 — %ty b & iE LR ol
TERGRE DR (EBR 1) LN IHEBERT — X2y P&
o 7o REECR LALBRIRE ] o FEA (SEBR2) AT Z LIk

56 (56)

D, RETLEORMNEABKILT 2, T— %%y b DIEIC
12 B4 CRA%E L 72 3D & v % T d % £ FH-SMDA-GS050B
(K6) o7m b2 ATEEMHAL, 7L —R7 — L&
EF T AR E AR L 7z, WLEE I B 1Z Intel (R)Core
i7-7700@3.60GHz ® CPU % #&# L 72 5FEFECEHII L 7=,

6 3D EYartr¥ 2 FH-SMDA-GS050B

4.1 X8R 1 (UELRBHEERETM
KR 1 CIIMIEZRSOHEEREL I 2 REFEOHR

MEFH T 2 72010, FIERVIBELBEL V=TV 7445
% 7 L 72,
FrbERE v IR LS <, P e sl oRERL X 7z 3

Ok (K7) & 3D %y IOfEBEFREZEE L. 3D &Y
FETBEAIER L T 2 KB A RLHEL LT3y (% 4%
L, YiioaEz sy, Xl YlilicizdH ) oLZic
T, 50 o FHM 7 — 2 iR L =7 — %€ v b % H
W3, fEE L AIEBERRAD 6 87 X — 2 Ik LT, R
EEBEHT 2L CHSOMEZAPLZEH L Tk
ST L 72,

V=707 4 il CIEEiE X 27— Vi Cilllo
I BEE OFREE S OB X ¢ 2T iEIC T, 3D e v
DEBE 3EY, HmoBE S ME 28 (H{E Eo
M, Wi Loftormgdh) icC, BEIEOZAIT 2
mm TR DI O E B S 2725 100 o)
HWF—2 2B LT — &2y P 2HWE, V=754
Al TE, HEEINAMBEBLRA LY, 3DV HHEAL S
i DAL T A 8fHOTESA E Col AR L, &
F—zETco 8 HoOBHE LR T -V OBEIRDOENER
HHT 2 & CMEZRAOHEEM R ITHIZEL B 5 0> % 3F
it 7=,

PCOF-MOD i & P L AR A % F v 72 B PR
BT 7 AMRD BT X B FEMALE G D % T O HERT
EY LIRET ROV R L 72, Bk VR LAl o
MRE2EL K2, V=7V 7 4iHMlofEREEER3 ICZ
ZIRT, PERTIE L IRE T L0 R SR 5] % [ 8 1T
T aHili & 0 HERTFIE L WK Lo 2 ffofiE S b
EEE oM LR CTE 72, FRicHy Foh X -4 L



IR 2k

FEOWE A6 /2 & FHE, LA R X X 9 7 3 R7Thy
TIGIRFFE D T DRI L CIREFEE V5460
WEMESE . K8 OOLEE b RERS & b IEkF
e G I iE S e iR hE RS LTw 3
DIK LT, MEFETRWEINTN D LR T
%,

(a) F7 R\ (b) RGB Ef&
o470 Fy b RILE—

7 ER1 0BG

k1 #UEBYELT—2+ty FOMBEERZE [mm]

WEEFE REFE
INA T 0.028 0.023
>k 0.207 0.065
RILZ — 0.116 0.064
F15 0.117 0.051
F2 BUEBRYVRLT—2ty FORBZERE [deg]
WEXFE REFE
AT 0.027 0.036
7Y I 0.386 0.239
RILZ — 0.101 0.067
15 0.171 0.114

NWIWEAE X2 7D DG 3 KUY IE LA D1

£3 UZT7UTF4T—&ty bOESF [mm]
WERFE REFE

NA T 0.054 0.074
v | 0.687 0.164
RILK — 0.712 0.250
15 0.485 0.162

(a) fERFE
EroA T Fy b FLE—

(b) REFE

8 FHIBESOHEHRER

4.2 EB2 FREMREHE

FEB 2 CIIREFEOFMAEADEIC X ) FZTE L L
HHEOKIFRE T2 722 & 2ERT 27201, av T
FOHFIC AN TRER S e B % & T 6 FEEH O E
T—2%v b (K9) ZMERK LR & NURFERH Z 57l L
77 T—Z% Y PRBHBICOVTATERNSNE — v 2E
L7220 R0 FHIF — 2 2 HUS L 7z, B TREAT —2£
O EERICEB L Cw 8RR L <, BRI X 2 9)IME
HKEADATI L ICP IC X 2 fELbEEMAGDE L LT
T—X%y MCWT BMELADEMELZREH L 72, 1#
H7-H 5~10MoFH2 EicEHR L B0, ok
NI IR O KA 2R D 15% LT b 0 % Rk 5
&L, HEmd 720 OFHlEEUE 100 ~ 200 HFETH - 72,
PCOF-MOD F#f#l i & i ZEAREAR % 7 R %
I F T RERO R X B FHIMIE A D 21T S kY
ELRETFIEREEM U 3RICCAD DA% W TR LT
BRETNT — X EAFRATRE 7 F3k & L T PPF (Point-Pair
Feature) & —ffft 725 Hic o Fik Y L, REFEL
DLW E Lz, PPFOFEEL LT~ v eyav 47
7V ¢® % HALCON13 @ B4%4 [ Surface-based Matching] %

(67) 57



OMRON TECHNICS Vol.54 No.1 (#i#& 166 ) 2022

7z, 7o Bt REIFHIZ = v 7 F ONE O A (EifR T
700X 400 EFRARE) & L7z, sEERMERERTAG IC L. HEE SN
7o B B & TE A & o 3525 0l 12 30 v T Precision,
Recall, FlEZ R L7z, NTEAT—2 2y + DIEMREZ
AFTANLTwB 2L EE L, i) o HERIE I
HEDS 5 mm LAN, [EIEEAEEAS 7.5° LI & L7z, Bl 04
RO F E% 3 4 1 FHUBRRER %2 £ 5 It 2 hZ R,
ARG R O IRETFE L CRFEORBMEIIRETH 2
DR TE S, T, BRI IREFIE L R L <
18ms FEEEL o T3, NIEALY Y F VY IDOT 7
V7 —va VBRIt ms Z45 bDTlEhnizn, K
M EMED R TH D EEZ O,

B & REFEDHBER

(b) RGB
Uvo, Fy b, EBY— b, FAE—
9 ER 2 OEEGY

(a) &7 2EG
b VAT G I 7N

58 (58)

x4 NFEAEAT—Xty MBI HRHEE [FE]
WERFE REFE
INA T 0.825 0.942 0.946
27 0.754 0.977 0.967
> 0.355 0.915 0.908
+v b 0.819 0.981 0.981
BV — b 0.572 0.888 0.879
RILKZ— 0.908 0.989 0.989
T 0.706 0.949 0.945
£5 NITHEAT—KEy MBI BUIEERE [ms]
WERFE REFE
INA T 1423.9 92.1 112.2
U274 1736.2 106.0 129.1
>z 1066.2 186.6 204.2
v b 1883.4 118.1 134.9
EE>—h 2376.7 171.0 192.1
HRILE — 591.8 97.5 104.7
15 1513.0 128.5 146.2
5. LIV

AWgEcix, BLEBIG OGO BEMb % FEH S 5 72
DI, BFEL R R EICR L Rl A 2 g IC 3 kot aE
M ECONBERALHTECTE 2 FIREREL 72,

M % ER T 12 PCOF-MOD FF#ER & Pl LSRR A %
W, PIRD K& 2 e B L8 % Enl ICHEE L 72, GEAIAL

HbHTIZT 7 AEGE RGBEGREZHHT 22 & TH
TEERMEE R R L 2, §HiHT — X%t » F 2R L G

%A U 72 SR, TR T IL & TR U ChLE R R D HEE RS
DRI 2 M5 TR T WB L RTERL 72,

BRI OSHOMEL L Tid, HBIERMIT v 328
RS DR 53 72 FIAR DU B 72 B X 9 A A LIRS AR
T BN TREAIREEIC L ChEmo# 2 a0y y *
VIR TELXIICT S0, FHEDENE & OSEN
HiIFbhd,

SE Xk

1) Johnson, A.; Hebert, M. Using Spin Images for Efficient Object
Recognition in Cluttered 3D Scenes. IEEE Transactions on Pattern
Analysis and Machine Intelligence. 1999, Vol.21, p.433-449.

2) Rusu, R.B.; Blodow, N.; Beets, M. “Fast Point Feature Histograms
(FPFH) for 3D Registration”. IEEE International Conference on
Robotics and Automation. 2009, p.1848-1853.



IR itk

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

Tombari, F.; Salti, S.; Stefanob, L. D.; “Unique Signatures of His-
tograms for Local Surface Description”. European Conference on
Computer Vision. 2010, p.356-369.

Drost, B.; Ulrich, M.; Navab, N.; Ilic, S. “Model Globally, Match
Locally: Efficient and Robust 3D Object Recognition”. IEEE Com-
puter Society Conference on Computer Vision and Pattern Recog-
nition. 2010, p.998-1005.

Hinterstoisser, S.; Lepetit, V.; Rajkumar, N.; Konolige, K. “Going
Further with Point Pair Features”. European Conference on Com-
puter Vision. 2016, p.834-848.

Hinterstoisser, S.; Lepetit, V.; Ilic, S.; Holzer, S.; Bradski, G.;
Konolige, K.; Navab, N. “Model Based Training, Detection and
Pose Estimation of Texture-Less 3D Objects in Heavily Cluttered
Scenes”. Asian Conference on Computer Vision. 2012, p.548-
562.

Brachmann, E.; Krull, A.; Michel, F.; Gumhold, S; Shotton, J;
Rother, C. “Learning 6D Object Pose Estimation using 3D Objecto
Cordinates”. European Conference on Computer Vision. 2014,
p.536.

Tejani, A.; Tang, D.; Kouskouridas, R; Kim, T.K. “Latent-Class
Hough Forests for 3D Object Detection and Pose Estimation”.
European Conference on Computer Vision. 2014, p.462-477.
Kehl, W.; Milletari, F.; Tombari, F.; Ilic, S.; Navab, N. “Deep
Learning of Local RGB-D Patches for 3D Object Detection and
6D Pose Estimation”. European Conference on Computer Vision.
2016, p.205-220.

Kehl, W.; Tombari, F.; Navab, N.; Ilic, S.; Lepetit, V. “Hashmod: A
Hashing Method for Scalable 3D Object Detection”. British
Machine Vision Conference. 2015, p.36.1-36.12.

Hodan, T.; Zabulis, X.; Lourakis,M.; Obdrzalek, S.; Matas, J.
“Detection and Fine 3D Pose Estimation of Texture-Less Objects
in RGB-D images”. IEEE/RSJ International Conference on Intelli-
gent Robots and Systems. 2015, p.4421-4428.

Hinterstoisser, S.; Cagniart, C.; Ilic, S; Sturm, P.; Navab, N.; Fua,
P.; Lepetit, V. “Gradient Response Maps for Real-Time Detection
of Textureless Objects”. IEEE Transactions on Pattern Analysis and
Machine Intelligence. 2012, Vol.34, p.876-888.

Konishi, Y.; Hanzawa, Y.; Kawade, M.; Hashimoto, M. “Fast 6D
Pose Estimation from a Monocular Image Using Hierarchical Pose
Tree”. European Conference on Computer Vision. 2016, p.398-
413.

Konishi, Y.; Hattori, K.; Hashimoto, M. “Real-Time 6D ObjectPose
Estimation on CPU”. International Conference on Intelligent
Robots and Systems. 2019, p.3451-3458.

Brachmann, E.; Michel, F.; Krull, A.; Yang, M,Y.; Gumhold, S.;
Rother, C. “Uncertainty-Driven 6D Pose Estimation of Objects and
Scenes from a Single RGB Image”. IEEE Conference on Com-
puter Vision and Pattern Recognition. 2016, p.3364-3372.
Rios-Cabrera, R.; Tuytelaars, T. “Discriminatively trained templates
for 3D object detection: A real time scalable approach”. IEEE
International Conference on Computer Vision. 2013, p.2048-
2055.

Hartley, R.1.; Zisserman, A. Multiple View Geometry in Computer

NWIWEAE X2 7D DG 3 KUY IE LA D1

Vision. Cambridge University Press. 2004.

18) Rusinkiewicz, S.; Levoy, M.; “Efficient Variants of the ICP Algo-

rithm”. Proceedings Third International Conference on 3-D Digital
Imaging and Modeling. 2001, p.145-152.

HEERN

IR %2#i HATTORI Kosuke
AVEAN) TAF—bA—=2 a Vv EV AR
IZA =

PSR EAT v FELL

%2 BFE

AL RNTTIE YR LINNTICE

Ei

Intel” Core (., Intel Corporation Dk [E ¥k X% Dl D[HIC F51) % EFRGHEET

ARAGHOFR DO AT, FHEDSFEL LTI LERH LT,

(59 59



OMRON TECHNICS Vol.54 No.1 (#i#& 166 ) 2022

IWZNBY - BEHMDOMREEZEAORY NI\ R
EEE 3D Y ORHE

ARH G, B, I B, A il

FEE LBV, AFARS AMFE oS L v EREOHENL. L Vb T e KRy b OBEAMEBICITHIL T
B, REAR—Z, Ub T, FEORRMEREPFETH B, Fe=—X03H s N IMArI NN %
Ey X3 aT7 7Y r—vay it MAOIEMRNE - X8 EEERT 57201 3D v VI BBERAIRTH Y |
RO 72 ica Ry oy FEEII3D 2 vk 6N Tnwd, aRy bV FiCe vy 3 2ERT2EFE L
T/NE - RETHZ I EAETLNEA, kD 3D & v ¥ 132 0FHllFHEICERE L CABTERAT D DA%
Doz, T T, WAIFRERFHNFIEL & v AR ORFEIC X D & E 53mm X E 110mm X BAT 77mm CH
B 570g Ry by I 3D & v 2K L 2, T, BLERY coEEZE I X 2RI E A KT 2
e, b—ZX—IC XY AFROMEE —FEICHET 2 FEEHRAL, EFIC XY 0°C~ 40°CoREZE Ic B 1T 2
BEEOFHIFAZE A Imm LANTH 5 & & AL 7=,

A Small and Light 3D Vision Sensor for Robot Arms with
Robustness in Factory Automation

OTA Jun, NAKATSUKA Hitoshi, INODA Takeshi and MATSUMOTO Shinya

In the manufacturing industry, automation of manufacturing, especially the introduction of robots, is being
actively promoted due to labor shortages and rising labor costs, but installation space, start-up person-hours, and
flexibility at work are issues to be addressed. In particular, a 3D sensor is essential to estimate the position and
orientation of parts accurately in bin picking applications, and a robot hand-mounted 3D sensor is required to
solve the problems. One of the requirements for a sensor mounted on a robot hand is that it be small and light,
but the most conventional 3D sensors are large and heavy due to their measurement methods. Therefore, we have
developed a robot hand-mounted 3D sensor with a height of 53 mm x width 110 mm x depth 77 mm and a
weight of 570 g by developing an optimal measurement method and a simple optical system. Furthermore, to
reduce measurement errors caused by ambient temperature changes at the manufacturing site, we employed a
method to control the temperature of the optical system at a constant level using heaters. Experiments confirmed

that the measurement error of the distance value in the temperature change from 0°C to 40°C was within 1 mm.
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Proposing an IT Application Platform in Controller

In recent years, there has been an increasing need for production to improve by utilizing information processing
technology by utilizing the data generated by control equipment at production sites.

Since the needs are diversifying and the improvement of information processing technology does not stop, there
is a need for an environment where applications that can quickly respond to the needs of the field and introduce
applications using the latest information processing technology are required.

Furthermore, in the conventional means, data analysis by IT engineers is performed by taking out data to the

information processing layer once, and it is difficult to utilize data to demonstrate the strengths of the site at the

Therefore, we incorporated an application platform for information processing that coexisted with control
inside the Controller and proposed an application framework for developing flexible and powerful applications at

the production site, so that high-speed and high-precision data generated by control can be collected and utilized
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Development of Data Collection/Analysis Platform that
Supports Q-upSystem for Improving Non-defective
Product Productivity

NAKANISHI Isao

Inspection System Division has traditionally performed 3D measurement of printed mounting boards and
inspected according to quantified quality standards. AOI (Automated Optical Inspection) and AXI (3D-CT
method) to inspect the shape of solder. Automated X-ray Inspection, Q-upNavi that analyzes quality data and
production information from each process inspection device, and Q-upAuto that cooperates with a mounter to
contribute to production that does not create defects, and many At the production site, it contributes to the
prevention of defective outflow and the maintenance and improvement of quality.

The Q-upSystem, which consists of Q-upAuto and Q-upNavi, is being developed while adding data and
processing, and in order to apply step-by-step function expansion to the production site, use a high-speed server.
You need a foundation to realize the function without.

In this paper, we have developed a Q-upSystem data collection/analysis platform that adds knowledge of
linking/accumulating/analyzing manufacturing data and quality data based on the method of constructing a data
analysis platform such as big data. Based on the quality data of the final process, we evaluated the performance of
data search / acquisition for the function that optimizes the inspection criteria of the previous process, and
obtained sufficient high speed without introducing a high-speed server.

Contact : NAKANISHI Isao isao.nakanishi@omron.com
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Acoustic Communication Technology for Quick
Development of Low Cost Connected Thermometers

HIRATA Hideie

With the rising demand for body temperature measurement and recording under COVID-19 circumstances, there
had not been a variety of choices for smartphone-connected thermometers. To respond to the significant leap of
needs for body temperature recording, we faced the urgent task of developing a connected thermometer in a mini-
mal time frame. Moreover, we found we would not be able to meet the timeline if we choose the Bluetooth con-
nectivity, since it requires a new hardware design and a new production line. In this situation, instead of Blue-
tooth communication, we considered acoustic communication taking advantage of notification buzzers already
installed in our traditional thermometers. We focused that our thermometer could communicate by sonic wave
transmitted by the buzzer just by changing its firmware. Our thermometer sends sound waves that modulates the
measurement data using the buzzer in acoustic communication, and smartphones receives sound waves using its
microphone. It demodulates sound waves to measurement data. We have quickly delivered a connected thermom-
eter to the markets at a low cost by selecting this method. Also, it enabled better usability by eliminating the
Bluetooth pairing process. We can extend this method to connected products for developing countries where low

costs and simple usability are the key factors.

1. FAHZ

Foamy ~uRy THRRSHECIE, 2021 48 1 H 3B
JH 1E _E«Ez:_faﬂr“%ﬁuiwwmsr MC-280B"” %, 2021
3 AT A I ¥ WS NG T SR IR EE MC-
6%%”%%WLT£D\ﬁ%#%ﬁﬁ%%mﬂﬁéﬂf

Contact : HIRATA Hideie hideie.hirata@omron.com

84 (84)

w3 (2022 4 1 H 28 ABIfE. Amazon TO L & = — 3P
135 Aimsh o 4.4, L e —EIT 993 1),

2019 FRICIH F o 72z 2 v F iz, SMEICERERNE O
BEAL & ARRETTRE 02Ul A48 < &[RRI, Riko
ﬂﬁkméﬁt&ﬁxﬁﬁé%tELt”oM%Lt%ﬁ
BAw— b7 3 VICEELFEERT 2 2 &S, AADEEE
MRS o2 5o, oA HEO kRO —B)



P S

Kb Ez2l-FLray ~A 27 7HhAE&tTCld, 2o
FHIC B W GRENICERE O SBREOEL & o
Tro AEAFEICHEICIE 2 5~ < EI i E R G IR
RIS 2 2o, N TURET X W SRS T
W BRGBEREMERAT L Loz,

BIHEV’ERMIEXHwzEEchs it L <, &
BOlE I EEE R WEBE T 5, TE, TEBERNE
72 EBR L8t R LA TETE Y, HBiiknt
THICH FEAGEM A EbNE X HichsTE TS,
%l 212, Google ¥1:25 2014 4E 1T #5¢ L 7= Chromecast Tl
FTLEERT— 74 VDT Y v I FRGBE R &
FLTWw3Y,

RN, Db LHMERTARAT 27-0DEET
F—%HZ T3, ZOTF—%HWT, FHHERFEE
TENR, RRE 7 7 — 27 2 7 0FEH D A CHEICHLT,
fbkc¥ 3 &Fx, HEBERRITOMIELA X - L,
ldv iz, PEREEEFETAD A=Y 2 7 OflF K E
WL RE L - ERGBRE R ERT 21k, ZEME R 2
= 7 VOEFAT AT Y RLABBICEE L 7t o THL
%o

Afcid, FEREEEF A L 2 S ioRiE e o
W, @t %,

. BEEEETOBELERAR

RGBT E I HWislif57223, % o5 R ILE
Bl EMER . T— 2 R EHRICERT 2 2HHICE
T2 00BNICEE R\, T DD, AHFHEMND ko
iz R+ 225, Rifee LCHid77—2 v =2T70R
CTEBATRE AR ZFABAM 2 R T 2 LR D o 72, il
CPUDH T Y FY it —2BERER T, CPU 23R
TAHBBEH N % 7F —IcHMT 32 2 & T, 7 —%WEH)
LTw3, ZHICBWTH DIy v FYztL—XHRE
%R 3 28, B3 X O Duty Ho o &3 HIEITTRE A O ff
HIEHETE v e w2 ZE L 245581, ZFmic
VIAHH % B ICH 72 7 ASKY & FSK® % fifli & L
770

FSK D& 1322 T R E 0 25k % F v 6 23, (RIREHC
BB APEBOBEENKE 2o 2 -0 RS, IRIE
EEFDF -2 ASK ZEH L 72,

ASK (Z—MIc 7 4 X0k T2 3L, Rifto
EEFCBE TR EINE 2 L3I EA LRV, SHITEE
BRCRREI 2 RA~— 1 7 4 v D~ 4 ZICEDF 5080
ZHIEEE L7z (] 1) 72%. ASK T 19 7lEkE 2%
HWC&/, RETIEH., ZOHEEITEORTICH = 5 Mgt
RERNT 5,

a2 b - FERETC OB E R E S 2 FEBLY 2 IOmAE Bt

M1 ERBEAX—

3. a—-H%EUF«

LR ERE 2B ST 310 H 7= o T, FIAE
e BEVREBEFTEOMAS S HETH 5,

ASK % v 72 FEGRIE D By, IRIEDZ L3 S D%
L& 722720, KRt 5T 2 L BEIC TR X
NTHDTLEMERTINELD 072, ZD=0IC, £F
FiRFT 2 b O EFE O M EATE L, &d SIEEICEL -
Rl A» H o F M (EmE) ZHRELZ (K2),

- ®

© €=

M2 FRFOFREEENE

O~BofifqicB T 35L& SN Az HlE (ko5
DXRER/LT2% Y FATHIE) LMERAN3 TH
50

(85) 85



OMRON TECHNICS Vol.54 No.1 (#i#& 166 ) 2022

EE[dB]
80.0
70.0 = [
i | T | T |
EE = = =i &
30.0 =
20.0 =
10.0 -
® ® ® @ ®
SNLt[dB]
20.0 T
10-0 i i _
m [N
® ® ® @ ®

3 FHEEL SN o RIERSR

CORGEDRER, ®ofim (FRRFFOHEH) 2R d EHE
ESNHBRIFTHY, 2oz 1D LI IcA~w—1
A VDA 7EIITHL YT B ER ., @S E
ELTEHL T,

Ry A CRB R ARG R O TR OBEFETH D .
—Fe ) 74 sl CRIAFERRER S cE s
EHER L 72,

4, 22— F 7+ TOFRIER
HIOBEEREH 2 O MET — 2 2 %ET 2 A~—F 7 F
v 77 1) (OMRON connect”) 1%, Android & iOS it L
Tk, FHEEOEFLIE D Android & i0S [H] 1 IC F %
LCTWw3,

4.1 1ERMmE
K4lZA~—1F 7+ VICBT2EFUEO 70— %2R L
72D TH B,

|RE7IIVXA

BRIV

ASKiEH

ARADILXT4V5

LAVIERAE

X4 1ERENE
4.1.1 PCM &&

Zw—b+rT7xvDwA 7 ERAVT, SEEFE Xy T
F % L. PCM 57— 245|%15 %, Z#lt. Android, iOS D

86 (86)

HEREZ M L CTwv %, Android D&, <4 7RG D70
DFA =T AFY =R TXA=2P3EKH Y, FHEEF I
WL (OSN—Yaver<—F 7+ VEERHICIEIL #E
BT2) NTA—ROBEEXFICHELZETH D,
7 A — X FEE D 7z ¥ 1T, Android Compatibility Definition
Document (CDD)® @ Fl#i N7 2> b K % 37 C, (RKE I
DELILICIE S A~ —F 7 4 v COMRMAL % FEMiS 5
ET, HEBEICREAA =T A AV — AT X — 2 %kE
ETBZLBTER,

4.1.2 RIREHEE 7 1 L4

ASK 72 @ CXIE & 72 2 K & B, (REFFO IR
BRI R E ANV F 827402 (IIR 7 4 L
£) BREHEL | Wk 8 AR LA o B B B R L
T3, WokiRic I BF RIS E RS 2 AL w3
70, BEE ) A XOEEIRZ T v,

4.1.3 AM 53R

ASK SO FTEHE & LT, PCM 7 — £ 2> b K2 5 D iF
I~ DZEHHTo T3 (K5), IRIEE~ZEHE D
FRIZPCM 7T —2 v — 27 Qg Tch Y, Thbb I DAL
BUZT v 2o AMY EILBICHY T 3,

—PCM
5 AMEF

414 RINA2 /A XT7 45
AMIEH L 72EZOfE51E, KelRT@y | E50i7b
ERY ETBETITRVICKERANL 7 ) AR %ELT VD,

4

6 AMERERODES

I, REEtO =P 2 TG R L I T — Dtk
REAY, D& d L HIGAEBZHHEL LzdoTidAal, K
5 FT B HWANEE I IZBEEN RS EES L RoT W
BRI EIGERLTwS, 2OFEETIR, HiBDL~AIE
BALIcEE LRI L, BERKEOETZHVTL F 5 &%
L hRln,



ST B

N= R 2 THFAOEHEL LIGBELFEH T2 2 8K
HMEOHETH B -0, Av—Fr 7+ /filczDz 42
JARZRE L, HIMREZ R T 2778 L L7,

TR, RO BT 4 2T AT) X AR
HBEDE, REART 22—V 7 %7224 27 74X
TANRILE 5T, A4 7 7 A XOBEPITKII L T
5, M7k, K6DEBEAASNA T ) A X7 4 ZICHL
7B DEFEIETH %,

A

T R4/ AX T4 ILRFBDIES

4.15 LRIVIEHIE

G2 O FE O N HFEEZH, Av— 75 v TY
vZ) v rEnsETicid, EHEkcX 3EE, Av—
F7AVNEOT v TS A vav i =Ll Av—
b7 ox VEEREEE O b D& S UEA REBIERATEE L T
BY, BTV v IIINEESLRLVOKEITTEL
Vv, £, A7 —F 74 v ORREIC X 5 Tt AGC (Auto
Gain Control)'” BEBEIC X 0 7 4 v REBIMICET LT, 5
L PHEFGR CERT 2 2 L3 h 5, RIFOKE X
2o THFAZIT I ASK ICHWTiE, E5 L Lk
B—FE L7 WIBA, High/Low HiED L ¥ Wiz —EICE
LT ENTER,

COMBEE RS 21CE, FHL~UEEZ—EDL )L
WCIEHL T 2 05215 5, M8IF, HEA~—1F 7+ V%
co AMIEFHESTHH, AGCIZX > TEHL AP
B & & B ICHRA WML TWE 2 e B0 5,

Androidhi{E A4

AndroidlEA L 1 7 (Java)

Android OS

X 11

V7 bhUzx

a2 b - FERETC O E G AL E S 2 FEBLY 5 On S Rt

8 AGCHEHAY—FrT75>TOAMEFRES

Iz EORHAET, RAEZ 113 1IERILZT S
TET, MID XS nfGEHRICEIITE 5, AGCICX B
BRI N, F5 oRAME2 1 ICIEF LT T
WD EBGhD,

A
[

IV

t

9 EH(ED AMIERES

4.1.6 ASK &R

L ~OVIERALIC & o T, HRIEEIZEK(E 1 I iER L S
20T, TIZTIRHOS5ZLEWEE LTENRE LE>TWw
NIFHigh, UTFchiFLow icEHHT 2 (K10), » &t
CDTAPENEET =2 ICEHHT DR TH L,

A

10 ASKERADHRET 265

42 BREERANBOY 7 Iz TT7—FTF %

1113, A~— b7+ VICBT 2 EHEEFTAUHD Y 7
b LT T =X T F v ThL, FHRbEEaT YV
1%, Android ¥ X (ViOS THiEFER L h > T 5,

iOShR{E SRR
| e e e e e e s e L s e )

|
iOS[E % L A 7 (Objective C) 1

TT=®*TUF %

(87 87



OMRON TECHNICS Vol.54 No.1 (#i#& 166 ) 2022

K1F. &V 772770y 208ATH 5,

k1 v7byz770v 258

AudioRecord #8E % FHULNT
¥v7F ¥ L7=PCMTFT—
REERBEITIVY Y
H@EL A VICEEET,

Android

BaE7 oy |2V

AudioUnit # 8 # B \» C
% 7F v L1 PCM 7 —
REFERBEITIVY Y
H@ELAVICHIEET,
ERBEITIVOVUTH
%,

C++ BB TCRELTHY,
H@Enoad—FR—-—2X7T
Android/iOS i 5 Tm 3 >~
NANZEAgEE LTUW B,

i0S

EAETOy Objective C

LE7 0y | C++

\|

iR, SHBEaT7TZ vy Y v CH S cHE
L7z ATHDL, CH EEEIC X - T, Android/iOS % &
DOSIKKIFLAEVWZORAT Iy b 74— L%2EHLTE
D, HIGEE DT CIIKE OERUE DS LE 728,
CH+ SEDAA T4 7a—Fick Y, FiC Android D Java
SMCHEHRTE R VERFETZEIL T D,

7. THEEz 7T v Y vid. BiGEERES O HF
MAEEHICODRHALTCEY, 22Tdb /v AT F v b
74— LDOBREEETCVS,

5. BiRBEDREE

A2 =74 VEEIZLIBICHE D, L Cwie A2
07 v OMEES, SENET AT ) XLDHED B B 7
O, L DAY — 74+ VEEECHELRCEETE S L
MRS 5K, Aw—F 7 5 VR 2 FEHE L 72,
MERE R L, K120 0 1#EH7Z20, 3X2=6@Y D
PNE =V CTHGEE AT 2 72,

t

mE
R = e —— 2cm
e

7ZCIT‘I l — _'

; i 0cm T = -
" E AR—F7FhDOEmE0cm, 2cmD2/8x—>

oy TDIAVERT— 74V TE AiTE LB OB ADER6/ X~ E R |
D74 D= KA F&EOcme L
T. BfT&¥2cm, demE MR 1382 —>

88 (89)

12 @ERI/ S5 —>
A~ — b 74 V4197 #fE (2020 4 10 AR o HAE
W Lowihadza~<—1F 7+ V) KT, KiliE2»50
40 %7 v b BIEFEICEFACTE 27y P OEIEE
MERIEL L, BERYE 35%LL L HEE & L Rl
ERIEL 72,
ERRIIHE 3% L2 HEE Lz8 ik, ITFo@EY
Th 5,

o 137 v + ORI IEA 0.7 Cch b 5HTT Y
7y OBEVEETH B,
CHERIE 3% T bbb RKFE 5% TH Y, 7Y
7y b CEE LM 2RI, 0.65=0.05, T 7
HHE5%NTH 5,
c I DTl b, WEHINED 35% L, EThiE, 5/
AN 95% LA Lo fER CEfE e T T 5 E 2 b
%,

®2 BRI

i mE | we | E | 0e
TE o0 | & || & | 00
(%)

~100% | 193|98% | 192|97% | 186|94%

~ 80% 0] 0% 1] 1% 1] 1%
~ 60% 0 0% 1] 1% 2] 1%
~ 35% 41 2% 3] 2% 8| 4%

~ 100% | 187|95% | 186|94% | 185|94%
~ 80% 20 1% 0| 0% 3 2%
~ 60% 20 1% 2| 1% 1] 1%
~ 35% 6| 3% 9] 9% 8| 4%

K21, FUEFRA v b (BITX3, GEIX2) KT
L, BERNEONAEZT DD THL, HELT S
TSR 2 ER T X 7 o 72812 2 ~ 5%TREEH 2 23,
949 LA F oo #fE S BN 80% LA - & v 5 W W IEBERE
FExRZERL T3,

CoMEETIE, ~EA~—t 7 5 v CTERIL 72 PCM
T—X%kwav 7 7 AVIRELCEBE, HRT7 L) X4
FFa—=viZowav 7 7 AL ERAGWCEFAT L) XL
DRGFEEMEY KT LT, HRATATY XLk L PERE
FA=RDT Ty vaT v 7IhFELTWD,



P S

6. LIV

GBS E MC-6800B (335 H 1S %7 154 L 72 R4 M
i LC, HRAENCTEfloe v MY L hoTH Y,
HRGRE ORI — A 2% U, HIOEE ISR ERT
BFN4 2 (BSEBEB7F-) ¢, w4275V (R
~—F7FVICREHINL TV R) BHENIDAETE B
AR RBEFETH L, 20720, HEROBENICHIR
e, ARSI /N EEHLCW R, S
[\FE L 7 BodfE 7 U LT Lo sticd v . Filil
N=FY 2T R RELETEFAD R TH D, TRERT
ATY RLE, FRCA~—F 7 4 VORE L =S I0BEZ
EFERL7Z2bDTH Y, SHRIFET R b 2O 7lE 2 —
FE YT 4 HRKD 52 HEE R R~ OIE A A AR T
%2,

WIS CIEE L — P 2ME KRR T — & DBk 1 A 5
A, B — Py = 7 OPEREIR RIC X o TR
L oRMIEH 5720, SRIIKET — & OIEKICt 2 58
E7a baricdEEL TnE 0,

SE Xk

1) OMRON HEALTHCARE EUROPE B.V. “Eco Temp Intelli IT
MC-280B”. OMRON Healthcare Europe. https://www.omron-
healthcare.com/eu/thermometers/Eco_Temp_Intelli IT.html, (Z I#
2022-01-06).

2) Aomy ~AR 7T HRARM. EBRGEERIERE MC-6800B

FABAKA. FALa vy ~)VAT T, https://www.healthcare.

omron.co.jp/product/me/me-6800b.html, (Z0H 2022-01-06).

K v xRtk il oo FaE, RESLERT

MEREHLCOBH &, RRXY ¥ v KRl ak 7w

https:/ftsafe.co.jp/blog/temperature-measurement-mandatory/, (%

17 2022-01-28).

2 & A VR S % WirelessWire News iR 8256, “2 — 7 v @

[ Chromecast |, ¥ %2 FIF L 7z &34 LGGER & A g

IZ”. WirelessWire News. https://wirelesswire.jp/2014/06/16578/,

(14 2022-02-09).

M eth A v 2 7 b “ASK (RIERBZH) &3”. IT JHaE

¥ #i e-Words. https:/e-words.jp/w/ASK html, (£ # 2022-01-

06).

W& A v 7 b “FSK (AIMEURBZHR) L3 ITH

FETEH e-Words.  https:/e-words.jp/w/FSK.html, (ZH8 2022-01-

06).

7 A Luv v ~nzx7 7RS4 “OMRON connect Official
Site”. A L\ ¥ ~J)L X7 T, https://www.omronconnect.com/
jp/ia_def/, (Z@ 2022-01-06).

8) Android A —7v YV —2 7wz }. “Android Compatibility
Definition Document”, Android & — 7'V —Zx 7@ Y 7 k.,
https://source.android.com/compatibility/cdd?hl=ja, (& IH 2022-
01-06).

9) 7474 A7 4 THRN&H. “AMZF”. EDN Japan, https:/
edn.itmedia.co.jp/edn/articles/1411/26/news015.html, (g 2022-

3

g

4

N2

5

N

6

N

a2 b - FERETC OB E R E S 2 FEBLY 2 IOmAE Bt

01-06).

10) Y v XY AT 4 TV AT LIRS “A—r A vavh
o — L (AGC)”. LiveOn. https://www.liveon.ne.jp/glossary/wk/
age.html, (S0 2022-01-06).

1) HR&ttA~—F -V Va—vayv 72770 — “TF2L
oy EEGEEREEE) 230 A0 Ke v b REBIRE
T R T EGEE ] RO ES =B l”. SMART
SOUND LAB. https://smartsoundlab.com/2022/01/000078.html,
(21 2022-01-28).

BEHERN

EH 989 HIRATA Hideie
Frmy ~ART TR S
BARMIEART T — 2 AT LHEL
7 a—LT 7 ) FFEER

B 7T T

=y

A OB MO AL, BAEAFEL LT 2580505,

Android (¥, K[ Google LLC D HA B XU Z D EIC I 2 B SRR TS,
iOS %, K[ Cisco Systems, Inc. DHA B XU Z D fthd FEIC 1) 2 Sk
&Y, K[E Apple, Inc. 25K[E Cisco Systems, Inc. DK ZIFTHEHLTWE T,
Java (¥, >K[E Oracle Corporation ®HA 35 X U Z D fthD[EI 3515 5 & EksEC
ER

(89 89



90 (90)



F L0 DR REIE T
A R—3 a3 v h RIS H

— 2. V=¥V )a1—v3/—




OMRON TECHNICS Vol.54 No.1 (#i#& 166 ) 2022

7 L—IROEZRAWS VRL—YICL S
Eﬂ)\%o) 3BDAAX=I YT

KNG i, B4 HER, 7k Bov

LT ER OB R O RBLC AT < IS iz v 3o b DIEHRIC mxfﬁ%x Av7 7icEk
J7ze v 55 o oM e T 2 BEGH Y 27 LT 2R EES LT3 VL —FIIN - B
EDORMEOHE R Z T IC L BREBDOTYERBS iR L b XM v 7 7w v g LTHERHEINT
Wi, ARPHIATTERIRERAZLEDOREICEWT, I VKL — X2 HWTERA Y2 5B Lkl 3 2
B -2 X 33D A A=Y VI BENTHS, 3DA A=V I EITICBEROZET v T F oK 2T
L—T VT RRERER, 5D ICF v I TRT VT FEBFR LI — 2B EHRNEECH - 72, 72, HED
ICF v 7R Ea. ~"—Fv 27 oMt — 2 KE{LOREREL 5,

FEOIR1F Yy 7O I VL — XIS LCT LR Z v 5 & & PR T v — 0 FEE - KFT RO T
VT FERTREENE ., e —2bEERL 72, BAINIOID A X =2 v 74T o 7251 A O i 23 7]
HECTH D Lzl L. YA D F2iR L7z,

1. FZAH'E

3D Imaging of Outdoor Human with Millimeter Wave
Radar using Extended Array Processing

OHASHI Suguru, TANIMOTO Yudai and SAITO Keisuke

Research and development on cooperative vehicle infrastructure systems are being promoted for realizing a safe
and smooth transportation society. Information from sensors installed in road infrastructure is used for this
system. Millimeter-wave radar is attracting much attention as a next-generation infrastructure sensor that is less
affected by the weather such as rain and dense fog and can detect targets day and night. 3D imaging with
narrower beam is effective for millimeter-wave radar to separate and identify various targets in an environment
such as intersections. A planar array consisting of a large number of receiving antennas is required for 3D
imaging, but it was difficult to achieve a narrow beam because the number of antennas is insufficient with one IC
chip. On the other hand, using multiple IC chips causes problems such as hardware complexity and radar size
increase.

To overcome these problems, we applied extended array processing to one chip millimeter-wave radar and tried
to realize a narrow beam by a virtual planar array with an increased number of virtual antenna elements in
vertical and horizontal directions. As a result of 3D imaging of outdoor human, we confirmed the detection of

human outlines and showed improvement in target distinction.
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Contact : OHASHI Suguru suguru.ohashi@omron.com
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Feasibility Study About Design Process of Power
Electronics Converters by Optimization Method
Applied Machine Learning

SATO Kazuki, OTA Hiroaki and UEMATSU Takeshi

Applying the optimization methods to design for products as optimization problems are increasingly spreading.
Since these methods can make design processes more efficient, we should also use them when designing power
electronics converters. Design processes of power electronics converters are roughly classified into electrical cir-
cuit parameters, geometric properties of parts and alignment of parts. These processes are studied as optimization
problems individually and are combined into a series of design process. However, since they are not strictly inde-
pendent, solutions with low manufacturability may be derived. Therefore, the design process becomes inefficient
because of the iterative calculations to get manufacturable solutions.

In this paper, to reduce the iterative calculations, we propose the design process that simultaneously solves two of
above three optimization problems, electrical circuit parameters and geometric properties of parts. On the other
hand, calculation time for simulations becomes longer, we substitute machine learning model for simulation. The
feasibility of the proposed process was validated through the design for wireless power transfer system. Because

of machine learning model, calculation time was reduced by 70% and the range of design could be expanded by

1.5 times.
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Development of Power Storage System with Improved
Workability

YAMADA Junichiro, OUCHI Yusuke and ETO Gun

Renewable energy is an important low-carbon energy source that can contribute to energy security. A surplus
electricity purchase system was started in 2009 to promote the spread of renewable energy. Since then, the
purchase price has fallen, while the electricity price has risen. Therefore, the power storage system is attracting
attention from the viewpoint of self-consumption, in which photovoltaic power generation electricity is stored
instead of being sold and used when needed. Moreover, attention is being paid to power storage systems in
preparation for power outages caused by natural disasters such as typhoons and earthquakes. This time, we have
developed the power storage system (KPBP-A) aiming at reducing the initial introduction cost by improving
workability. For the power conditioner used in the power storage system, we applied a housing that is smaller
than the conventional model. Due to the effects of miniaturization and increased output capacity, heat generation
has become an issue. We aimed to improve efficiency by applying SiC- MOSFET to non-isolated bidirectional
DC / DC converter and optimizing the switching pattern of inverters. As a result, a small housing could be
applied and workability could be improved.
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Realization of Thin Push Button with Large Transparent
Section Structure

KUDO Takuya, SUMI Masaaki, AGATA Takehiro and ONITSUKA Hiroyuki

In the casino industry, which is a tourism industry that provides entertainment as well as leisure time creation and
amusement for people, the direction which attracting player, of casino machines have been evolving rapidly in
recent years, and the visual area has been expanding year by year. However, the SPIN button, which is an impor-
tant button to start a game, remains a conventional physical push button because it needs to feel realistic.

We have realized a physical push button that is thin enough to be installed on the liquid crystal display (LCD),
yet provides a realistic push feeling, better switch durability than conventional buttons, and a water resistance
function to providing SPIN button for new generation casino machine to casino machine industry by combining
technologies that have been experienced and accumulated in the Japanese amusement industry. This SPIN button
allows casino machine manufacturers to change the display of button surface easily using LCD installed under-
neath the button for each gaming contents. In addition, it is possible to create a continuous LCD performance
with the LCD display on the outside of the push button switch, which is a step toward the realization of a futuris-

tic casino machine.
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Development of Relay Switching Mechanism that
Achieves both Low Contact Resistance and
High-capacity Switching

TAKAHASHI Kei, TAJIRI Sayaka and NODA Masayuki

In recent years, high efficiency and maintenance-free systems have been promoted in renewable energies such as
photovoltaic power generation, which are increasingly used as countermeasures against environmental problems.
The increase in voltage of the system is accelerating to improve efficiency, and in order to suppress various prob-
lems in heat generation when energized with a large current, the relay used for the grid linkage section also sup-
presses heat generation when energized with a large current. There is a demand for a relay that can switch a high
capacity with a high voltage and a large current.

In this study, we first selected contact materials and mechanisms that achieve low contact resistance. Next, we
investigated a structure suitable for peeling the contact welding generated during high-capacity switching, and the
method for deriving the peeling force in that structure. In order to enable high-capacity switching, the change in
momentum at the moment of peeling is set as a new design parameter in addition to the contact force and contact
follow used in the conventional design. Through this study, we have established a technology for a switching
mechanism that achieves both low contact resistance and high-capacity switching.
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Precise Multi-Modal In-Hand Pose Estimation
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Assembly

Felix von Drigalski (AAOY 4=y I Iy IR
HRSH) . MRZN (Kl - MPART 37757/
OY—tr%). HREX il - MEAAE 3770
/OY—tv%)

Proceedings of International Conference on
Robotics and Automation (ICRA). 2021 4,
IEEE, p.968-974, #iiE

In industrial assembly tasks, the in-hand pose of grasped objects needs
to be known with high precision for subsequent manipulation tasks such
as insertion. This problem (in-hand-pose estimation) has traditionally been
addressed using visual recognition or tactile sensing. On the one hand,
while visual recognition can provide efficient pose estimates, it tends to
suffer from low precision due to noise, occlusions and calibration errors.
On the other hand, tactile fingertip sensors can provide precise comple-
mentary information, but their low durability significantly limits their use
in real-world applications. To get the best of both worlds, we propose an
efficient method for in-hand pose estimation using off-the-shelf cameras
and robot wrist force sensors, which requires no precise camera calibra-
tion. The key idea is to utilize visual and contact information adaptively
to maximally reduce the uncertainty about the in-hand object pose in a
Bayesian state estimation framework. As most of the uncertainty can be
resolved from visual observations, our approach reduces the number of
physical environment interactions while keeping a high pose estimation
accuracy. Our experimental evaluation demonstrates that our approach
can estimate object poses with sub-mm precision with an off-the-shelf
camera and force-torque sensor.

Copyright 2021 The Institute of Electrical and Electronics Engineers,
Inc. All rights reserved.
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An Analytical Diabolo Model for Robotic Learn-
ing and Control
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In this paper, we present a diabolo model that can be used for training
agents in simulation to play diabolo, as well as running it on a real dual
robot arm system. We first derive an analytical model of the diabolo-
string system and compare its accuracy using data recorded via motion
capture, which we release as a public dataset of skilled play with diabolos
of different dynamics. We show that our model outperforms a deep-
learning-based predictor, both in terms of precision and physically consis-
tent behavior. Next, we describe a method based on optimal control to
generate robot trajectories that produce the desired diabolo trajectory, as
well as a system to transform higher-level actions into robot motions.
Finally, we test our method on a real robot system playing the diabolo,
and throw it to and catch it from a human player.

Copyright 2021 The Institute of Electrical and Electronics Engineers,
Inc. All rights reserved.
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TRANS-AM: Transfer Learning by Aggregating
Dynamics Models for Soft Robotic Assembly
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Proceedings of International Conference on
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Practical industrial assembly scenarios often require robotic agents to
adapt their skills to unseen tasks quickly. While transfer reinforcement
learning (RL) could enable such quick adaptation, much prior work has to
collect many samples from source environments to learn target tasks in a
model-free fashion, which still lacks sample efficiency on a practical level.
In this work, we develop a novel transfer RL method named TRANSfer
learning by Aggregating dynamics Models (TRANS-AM). TRANS-AM is
based on model-based RL (MBRL) for its high-level sample efficiency, and
only requires dynamics models to be collected from source environments.
Specifically, it learns to aggregate source dynamics models adaptively in
an MBRL loop to better fit the state-transition dynamics of target environ-
ments and execute optimal actions there. As a case study to show the
effectiveness of this proposed approach, we address a challenging con-
tact-rich peg-in-hole task with variable hole orientations using a soft
robot. Our evaluations with both simulation and real-robot experiments
demonstrate that TRANS-AM enables the soft robot to accomplish target
tasks with fewer episodes compared when learning the tasks from
scratch.

Copyright 2021 The Institute of Electrical and Electronics Engineers,
Inc. All rights reserved.
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Adaptive Distillation for Decentralized Learning
from Heterogeneous Clients
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Proceedings of the International Conference
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This paper addresses the problem of decentralized learning to achieve
a high-performance global model by asking a group of clients to share
local models pre-trained with their own data resources. We are particu-
larly interested in a specific case where both the client model architec-
tures and data distributions are diverse, which makes it nontrivial to
adopt conventional approaches such as Federated Learning and network
co-distillation. To this end, we propose a new decentralized learning
method called Decentralized Learning via Adaptive Distillation (DLAD).
Given a collection of client models and a large number of unlabeled dis-
tillation samples, the proposed DLAD 1) aggregates the outputs of the
client models while adaptively emphasizing those with higher confidence
in given distillation samples and 2) trains the global model to imitate the
aggregated outputs. Our extensive experimental evaluation on multiple
public datasets (MNIST, CIFAR-10, and CINIC-10) demonstrates the effec-
tiveness of the proposed method.

Copyright 2021 The Institute of Electrical and Electronics Engineers,
Inc. All rights reserved.
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Completion Estimator for Robotic Assembly
Manipulation Using Recurrent Neural Network
with Wrist Force Sensor Signal
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Robotic Learning From Advisory and Adver-
sarial Interactions Using a Soft Wrist
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In this letter, we developed a novel learning framework from physical
human-robot interactions. Owing to human domain knowledge, such
interactions can be useful for facilitation of learning. However, applying
numerous interactions for training data might place a burden on human
users, particularly in real-world applications. To address this problem, we
propose formulating this as a model-based reinforcement learning prob-
lem to reduce errors during training and increase robustness. Our key
idea is to develop 1) an advisory and adversarial interaction strategy and
2) a human-robot interaction model to predict each behavior. In the advi-
sory and adversarial interactions, a human guides and disturbs the robot
when it moves in the wrong and correct directions, respectively. Mean-
while, the robot tries to achieve its goal in conjunction with predicting
the human’s behaviors using the interaction model. To verify the pro-
posed method, we conducted peg-in-hole experiments in a simulation and
real-robot environment with human participants and a robot, which has
an underactuated soft wrist module. The experimental results showed that
our proposed method had smaller position errors during training and a
higher number of successes than the baselines without any interactions
and with random interactions.

Copyright 2021 The Institute of Electrical and Electronics Engineers,
Inc. All rights reserved.
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In this paper, we propose a novel training method to improve the pre-
cision of facial landmark localization. When a facial landmark localization
method is applied to a facial video, the detected landmarks occasionally
jitter, whereas the face apparently does not move. We hypothesize that
there are two causes that induce the unstable detection: (1) small changes
in input images and (2) inconsistent annotations. Corresponding to the
causes, we propose (1) two loss terms to make a model robust to changes
in the input images and (2) self-distillation training to reduce the effect of
the annotation noise. We show that our method can improve the preci-
sion of facial landmark localization by reducing the variance using public
facial landmark datasets, 300-W and 300-VW. We also show that our
method can reduce jitter of predicted landmarks when applied to a video.

Copyright 2021 Springer Nature Switzerland AG. All rights reserved.
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