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Panasonic, IFL PiRo, Applied Robotics ® 8 ¥ —ATdH 5,
Bi&5 7 BTl stow ¥ A7 5 pick ¥ A7 ~D—HD B
Bafibi, 14213 ACRV (272 /1), 2 {71k NimbRo Picking
(235 5i), 3 fLld Nanyang (225 &) ThH o7, 146D ACRV
i, MelnTEicrzr—vRMoHFEr Ry P 2HHLZ.
EYavier¥id, N"YRFIBEZINTWS, 7L —rEon
VRIIE, TV v oS ERFESy FAKFEICED M snTED,
7 70 —F OBITIE N Y F & 90 B ¥ 7213-90 B Mg X ¢
%. Storage &Ry 7 A% 2 iRy v TN REETH o T
B, VEHRIOREESE C, &% 7 7 Y FTikEV AR 2 G
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DH 1 FRE» SR L THE L TR YD, SRET3HEHOM
B s, APC 2015 & APC 2016 28 2 AKF — L DHLD
F AL SRR [4]~[6] ZZHZIT L T E7\w», DU, Team
MC? D 25 LRER, € a Viklg, WIS > » TR
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Team MC?2 du Ry F¥ 2T A1, M7TIRTEIC2H
DML L 7EEMAv Ry b 7 —LTHREINE, vfy b7 —
L3, ZNZFh 13kg At MELFA RV-13FL 2 L 7. %
oy bONY FIZIZEY 2 v+ 4 (MELFA-3D Vision) &
i v H 2R L Tw 5, I 313, storage ® tote &
EADEEBBICFHHL TS, 74 TLAOEI ZFHMT 5%
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Ay ME, 1THOETHICKEINTED, storage < tote/Bt
R— i — KIEE G ORIZETAETRRY b7 — A0 %H)
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vRy bV R, RERIE 7 v FEHA L7, Robot 1
IZIERAL Sy FOWRER ANy FOAZERL (K 7 /), Robot
2 1 Z/NEL Sy FOWRERINY K LT v ojBINY PO 2 %
BEL 2 (K 74). RERENY R, BE 3558 ke o
BTG DA 720 7 7 BTAR TR E LB OBFFISHE L T
%, NRFENY R, 28y FAVNZ WD, FRLZERNOY)
RN Z YEROIRRICE L T3, FEARWIZ, IERANV R
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9 Objectness ZE A L % SSD I & 2 ¥{fHi.

TURZEET 228, BETIEA Yy > adhy 7RRER 7 —:
K EOWBEDPRMEELT A T LBHET S, WETELRVT
A 7 HIZDWTUE, Robot 2 DY FER/NEEGENY R s 7
Vo Il BZTTA T L2 HFT 5,

4.2 EVavEmg
BDEYarveryHTRBLAT—F2RIFMD, K 8ITR
FTT7NITYRALTTA T LikM%EFETT S, £9, storage F
7oiX tote NDIZSHEATA T L E2BFEL, TATLDRELY
HHRZHNT 5. COHREHKT VT X L1, Single Shot
MultiBox Detector (SSD) [7] ZX—Z & LTHFEL 72, SSD
1%, Deep Convolutional Neural Network (2 & % ¥ i8kET
b0, FEdmBE» BNy TEANETDETA T
LR L MR ER D> SRS, L, TOXRy P —
RO G, REOEIRT —8 THE L FHiREE 7 A4 7 4
EEREELICRIN T & 228, MHERM T A 7 213 5 2 LasT
v, 22T, fEKED SSD Itk S L E %" T “objectness”
FEHEEAL, RATA T LE2ENT 5, 9 IZ objectness
ZE AL 7 SSD IZ & 2t 2733, Objectness 73 5H%
IR E 72\ 3IEMED 2 7 57 ADAESZIHT 2 BHRAAETH
D, YWES LIDRaT7HECEEZ2TRET 2. 74 T4
FHETEARAE T 1 7 & + ZHLUS (others) D 41 7 5 A
ZOET2BEAARETHY, M LIEROTA 7 L 2RE

T5, BAN7ATLD7 5 ARaT7HEGEAIZ, ZOFEREE
ZDEFWAL, others DR A T7BEWLEGEIIRAMTA T4 L
LCRRZHNT S, RAIT7A T2 E L TREL 2WRICRL
T, KBEEBHIY, 74 T72HBICL 2K DAAZLT

. 56U, RAITA T LAOERMEEZFIAEL, LHIEMH T A
FLHATF = R=—2DtEE L vy F I EE B T ETRA
TATLAPMDT A T LTH20%2FET 2, FkblkEio 30
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BB F IS HR T A T AT — Y R—AZEHT
%.%%t,%%Lt?ﬁ%A@m%W®3mﬁﬁﬁéﬁmL
CHFHzE AR BT 5. R EOBE I, H 52U OFme
MR EDL Yy NG 3RIGETINE T —F R—2 L LT

LTEE, MHRHEIEAD 3 RITHEEL T—F RXR—ANDET IV
BIAVTAVIIRE, T—IR—ADOHP TR 714y b T
3 3RILEFNEZRT B Z LT, WBNO T A 7L DEE%
WRNCRD 2 Z LD TE D, L8 - JHEE - TSRO ERICHE
DT, KOHERO LT OAERRET 3.

4.3 % #

Team MC? OF#IZ, 25D Ry b 7— A2 & 38557
EvyXv 7 Thd, 15HORRY P74 T LZHMFFL C,
KB E BPER— VBB S8 T3 RPICHRRETT2 A
Howu Ry 23 storage  tote ICT7 72 A L, aBaklLi % 317
FTRANRNLE Y 7& TV —AL AT L%EE L 7. Robot 2
IZ0E, WERLE 7)) v o8BIy FEERLTE D, BnE
TIRETRER 74 7T L2 BE L T L, BBl cldny
F&E79 v BLzYI DBz, WERBER T A 7 228872,

(7, REZBOREDLF—L0BMD 1 >ThH 2, ik
HicBW»T, @ﬁﬁ@ﬁwmﬁ747A%xﬂ7475i&%

BABE S ¢ CTh S BERRAINE HITT 5. KIEE AT

HEFDPEHINTED, 74 T7L0HEIZEHITS I LT
%, I51T, RBEAEDETREARNICT A T LMK E R
27-9, YiRkomiGREgEmE LT, 74 7oALY
N=2a v ELRG, 20700, RESEZMHTE &
TREBEOROIERT A 7 20RMT A 7 L O#% Bt L,
RS RIS T2 2 LN TE S,
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HHK2ED Team K 3R OM IR Ry b 75w b7 4 —
LRI AT LARBEL, DTIZ, Team K DY 27 4
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WK, € a VI, MNCRHEIZ D W TRR S,

5.1 YATLHEHE

Team K D0 Xy P AT AL%2K 101237, Whive R v
I (Rethink Robotics fl: Baxter Research Robot) 2, fififfi &
ME2ZEZoN52HHED 1 KOKSITEE, 2 HHE 1K
T2 ARKDHEOMEVHEW L TEZ oA OAT 31
% % 2 Suction Pinching Hand [8] ZH{ D {17 T 3, 11
ZIDTYy ROWERITH S, RVFTATLELT, &
T A IS 2 ~ 9 (Spectrasymbol #h: 8RR ZE A 2 o 4
FS-L-0095-103-ST) & iE#f% + > 4 (Robotic Materials i
#) # R, HER Y L LSS >~ (Orbbec
L AstraMini) 2 2 ZFN 2 OB L TV 3, X 5 I
(tote) DTIZIE 4 DDET KT (A&LE EW-12KI) % 3%ifE L 72,
E7, WHNZIEREBEZAMAL, 2 0@ ickEL » ¥ (Bosch
#: BME270) Z3i&E L 7-.

5.2 EVavEg

ARC 2017 DR E L CTHEBNC S 2 6 02 KA DRIE
D5 %, WEAFELEMNCIND & NPz 5 L 7 KOG 2 I
BL, ANMCk27/ 7= a ik hPREIc 7 L5 L
T VIR ZER LT, kT4 =T 7=V T DER
T—F LT 5 LTI L 7.

=77, REEERIANDOT ) 7= a itk 37 vzt
Y BRI C E DS, DBOVKERD ST v
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Learning FiE%# B L 7.
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12 AL7 /57— a VillfgAe,
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Fig. 16 Setup of team NAIST-Panasonic.
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7. Team Introduction : NAIST-Panasonic

The Nara Institute of Science and Technology (NAIST)
and Panasonic Corporation teamed up to participate in the
ARC 2017 as team NAIST-Panasonic and obtained the 6th
place. With a total of 20 members, the team includes a

postdoctoral researcher, Ph.D. candidates, Masters students
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Fig. 17 System overview of team NAIST-Panasonic.

and electromechanical engineers. Previously, team NAIST
had taken the 1st place at the Airbus Shopfloor Challenge
2016, an international robotics competition at ICRA 2016
[15]. The following sections summarize the developed sys-
tem, vision strategy and main features of the team NAIST-
Panasonic.

7.1 System Overview

The robotic system developed by the team NAIST-
Panasonic consists of a custom-made end effector mounted
on a 7-DOF serial robotic manipulator (KUKA LBR iiwa 14
R820), a controlled recognition space formed by an array of
RGB-D cameras, and a shelf or storage system with weight
sensors [16]. The setup of the developed solution is shown in
Fig. 16 and an overview of the components of the system is
shown in Fig. 17.

The end effector features suction and gripper tools
mounted on separate linear actuators, as well as an RGB-
D sensor for object recognition and grasping point estima-
tion. The suction tool consists of a compliant, partially con-
strained vacuum cleaner hose, whose tip has a force-sensitive
resistor (FSR) to detect contact with the items. We power
the suction tool with an industrial-grade blower with a max-
imum vacuum of -40 kPa [17]. A pressure sensor detects suc-
tioned and dropped items, while a waste gate regulates the
static pressure at the suction cup to avoid damaging delicate
packaging. The gripper tool consists of a parallel gripper
with fingers covered by a high-friction rubber. FSRs are in-
stalled between the rubber and the fingers to detect if an
item has been grasped, as well as in protruding tips to de-
tect contact with items. We use the suction tool for about
80% of the items and switch to the gripper after suction fails.

The storage system consists of three bins, one of which
is a drawer whose purpose is to increase the available sur-
face to place items. We installed two sets of four 3D force

sensors (Optoforce OMD-20-FG-100N) attached to a rect-

angular base made of aluminium frames under the storage
system to measure the weight of the items inside.

The recognition space consists of an array of four RGB-D
cameras (Intel Realsense SR300) that observes a space above
the storage system (without physical structure), where illu-
mination is controlled with eight LEDs and non-reflective
black plates control the background of the cameras’ images.
The purpose of this recognition space is to move the grasped
items inside a partially structured environment where higher
successful recognition rates can be expected.

The system is implemented in ROS Kinetic and the source
code is public in the Warehouse Picking Automation Chal-
lenges repository at GitHub.

7.2 Vision Strategy

The strategy of team NAIST-Panasonic to recognize items
consists of two steps:

i) Look into a container with the end effector’s cam-
era, find the grasping points and items’ classes from RGB
images, and pick an item.

ii) Bring the grasped item into the recognition space
where multiple views of the item are used for confirmation
or reclassification.

In step (i), we use a retrained version of the real-time ob-
ject detection system YOLO v2[11]. Since it is necessary to
recognize items in realistic conditions, we trained YOLO us-
ing 8,000 images taken in overlapped and crowded conditions
and manually annotated (class, bounding box and grasping
points). Additionally, we trained it with 50,000 images gen-
erated by randomly inserting pictures of items without back-
ground into pictures of empty containers and automatically
annotated. This deep learning approach was used for the
known items (i.e., items available months before the chal-
lenge and which would become half of the items at the live
competition).

In step (ii), we use features such as color histogram and
bounding box volume calculated from four RGB-D cam-
eras inside an environment where controlled illumination and
background facilitate the object recognition. Robust recog-
nition can be achieved using SVMs for single or combined
features (e.g., volume and weight), and even Euclidian dis-
tance yields reasonable results. Since feature values can be
acquired easily, this approach is applicable to the recognition
of unknown items, which are released for 30 minutes shortly
before the round. In fact, data can be collected in about 90
seconds for each unknown item.

Finally, the results of each recognition method are sum-
marized in a weighted sum of confidences, where the highest
overall confidence determines the item class.

7.3 Main Features

By combining learned and manual features into a 2-step
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recognition process, we take advantage of both approaches
and achieve a robust recognition for known and unknown
items. In particular, coupling the bounding box volume and
weight yielded effective recognition rates even for deformable
objects and clamshell-type items. Moreover, we decreased
the risk of losing items and increased the confidence of the
recognition results by using a controlled recognition space
where no re-grasping was necessary.

The smart design of the end effector increased the reliabil-
ity and consistency of the system. Especially, the difficulty
of system requirements such as path planning was eased due
to the high flow rate and the compliance of the suction tool.
Furthermore, the robot was able to safely transport the items
thanks to the high suction power.

The system can continue the tasks even when something
fails, as failures are considered part of the system operation
and alternative behaviors are prepared in advance to over-
come the errors. Our design philosophy was to keep the
system running and scoring points: from modern develop-
ment tools and sanity checks to drawer shaking and desper-

ate modes to pick items, our system was prepared.
8. ARC DFRREELS#E

Amazon Robotics Challenge (%, 2017 FF% b - THikiads
SHBEEIN R LRI, 3SFHICES RE%ZMWU
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2, HLETHRER LI RO TOMERTH 2. EiEZ
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DVERE %2 FHM L, Hifie %5 U CRii 23 % ohr Likin <
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Hote LM, RBICEMEFTDH 5 Amazon Robotics D Joey
Durham I k% ARC (281} % Research questions % Z Z I
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(1) How do you recognize an object after seeing it only once?
)
(3)
(4) How do you adapt when things don’t go to plan?
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