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1. 412052232 WX, ORYMNIANRTEDH?
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3. BRRADER

(1) EBELIVT—COITB TS VER
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4. AIRAOORY MR EHAR
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Amazon Robotics Challenge
(ERERROMRY MR AR)
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B CEERASNZ7 1T LDOB)

Reynolds_Wrap Balloons Bath_Sponge Marbles Avery_Binder Robots_Everywhere

1 3
Reynolds Wrap ”
7

Measuring_Spoons Mouse_Traps Composition Poland_Spring

Burts_Bees Mesh_Cup

11

Black_Fashion_Glove

18

Windex Flashlight Tennis_Ball Plastic_Wine_Glass Tilet_Brush white_Facecloth

Glue_Sticks Hand_Weight Ice_Cube_Tray

Hinged_ruled_Index_Ca Laugh_Ou_Loud_Jck Tissue_Box

Ticonderoga_Pencil

Measuring_Spoons Mouse_Traps Composition Poland_Spring Band_Aid_Tape %
25 26 27 28 29 30
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OHRZORYE, REEELLDD 7

Step1: 1IETS5ERK
BREMPVFIER(FTHR) IR
1. IS, BRFEHENMUT,
naait 2. RIS, BROEEANT,
® mwen ZEL1P— 3. I, -

FE: EVLFIEZENZDN ?

Step2: ¥EMBMENRER
FlEZORY SENMFRRRFICZ R

W HRREEHEIC
B RERBEORR(BDFINE/, AEDIRR)
B ORYNEROEHREEER(FR, 18)

SRR EEECYIEEZEMBICEKETIS0H ?

| HEICSHFANSNBLAIVEICIE, TEIER/N—RIVAR |
L SRUERRE BEIS—UAIRY RyF1)—
BEASE  WEE SEE ReM fEN
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FEOHE

3. BERADEH
(1) BELIY—TCDITEN TS VER
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FlwtRst U TIBIETRXD S DEHELER, (202255

AF1: “Scoop maccha (B#FZT<>T)" EE - ##8E DB
@ B3 L At spoon - (scoop, grasp) @

chawan (contain, wrap-grasp)
chasen (stir, grasp)
natsume (contain, wrap-grasp)

® SCOOF/ Spoon\

@ %45
@ B =maccha scoop BMEF>'L—bk

7
=scoop scoop (x;y.,z) [Object] [Target] [TQol]
» (Dmaccha pnatsume (9 spoon

scoop, maccha

\ 4 1. Scoop matcha from natsume with small spoon
’ \ [ 2. Pour matcha into big chawan with small spoon.
3. Scoop hot water from chagama w |_|h hi_shuku.
® ;}JEEJ til”,ﬁj—_) © @ @ mackha @ natsume 4. Pour hot water into big chawan with hishaku
TL—bhoRE
v _—
~ 2T —>EPickT B W85, BEZzENZ!
4 natsume & maccha
: ® ® macch
L pick&n{E W @LSCOOPEII 1 maccha’ chagama < hot-water
natsumes
_placeByff | | stir@ifF | spoon Ty < > EE - IEYESEHR DB

BIFF>TL—IDB 4y Oy REMEIT Y R
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KRAULRNIVDOLLM(KBIRSEETIV)DES

ChatGPT ChatGPT Plus GPT-4 GPT-40 GPT-4.1 GPT-5 GPT-5.1
(BEE~HTRE) (BEE~HTE) (#91.89K) (BFE~Ik) (BFE~Ik) GERR) (FEXBA)

Nov 2022 Feb 2023 Mar 2023 May 2024 Apr 2025 Aug 2025 Nov 2025

LN N U N W N W

Bard(LaMDA)

#1376

Mar 2023
Gemini 1.0 Gemini Brand Gemini 2.0 Gemini 2.5
(BFE~IK) Merge (€Z/N::)) (€Z/N::))
Dec 2023 Feb 2024 Dec 2024 Jun 2025
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LLMZRIRUTZ1TEI TS 2V DIERK

GPTADEL)

[BRELOTETILNSRDE,
FIFICHRL TS, (5]

PaLM-SayCan (Google2022)D7E

IFL2991-RZELEDT, KDYDRFMERF>TET]

GPTDEX
1. PROEEWETS O, BNy TEIIMHIIET,
— ¢ — QRIZ, RAIRVIEF>TETHE,
2. TA—MYPERRTS OBEIHLRINER>TS
3. BRODEZT1—RYMIAND EVWSBVLUUDITBEERTE .
4. KEHFMNT
N = —s Long-horizon instruction (RV\TFEDIERX)
5. BMUEKET 1 —RYMIES pydieshunebty .
6. HBEZEEND
7. BREHYVTITES
8. FRZRMID
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FREEERR ASIC LLM [HEZ D DD ?

KERER
SRRERN, & H, -7 v hESATTHRER, GPT NERUZBMFFIROMERZ

B GPTIC5A3EMX(3 /X9—2)
1. OOZFBRHDFIREHRZ TSN,
2. OOZEFBHDFIREERL TZTL,
3. OO%F3RHDFIRZEDOMR Y MAVEITAIALAR TARL TEEL,

1. I—VDEHRE [RBY, 27—, TR, HLE, RE(BBERE), RODHFKERD), 717,
1 BREA<EEAGBRR /' b2T, Fv=29—(A—E—HEED), RV (WEESDT)
2. BEOBVEEEADTUVSRIE ___— I%##, 27—, 8 TH#, BLF RE(BFEED), BOH(HREED))

3. RELTLBEERBZRN : e e e
RBE, AT—2, 80T, BE, FZ(BBEED), B OHEHRESD))
4. FRLTVSHENGBIRR - =enE =

2. BifE-EDIEE \ +
3)—= . N O = {ERARTREREMEIL, Tputlilstir]
3. Y=Y+ B XWEDHEE -TputIZZUNEIL, ROLSITEKLTLIZEL. “Put () from () into () with ().”

-IstirEBOXEE, ROKSICERULTEEL. “Stir () in () with ().”

B GPTIC5Z2%4-#159(9 /\OQ—"J)/' 3B, RS —2, JAITER, BEF, RE(BBESV), BOHHFEST))

m Y=TyN4 NF=2)
1. B&E 2. J-kE— 3. AL—3MR 4. »TH
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GPT [CLDTERIGED (KER #72)

GPT IC5A2720TU—

B User (38530

B AL—SARZFEDIeHDOEEFIRE
IXIDEMLTLIZSN.

B System (&fF - H)

1. IBESINEH;E (put. stir) DFHFEFRALTLES
LYo

2. EESnEEERESHME (B, 30D (TERAD) |
B (BL—AD) . RDJIL BEREAD) ) DIH%E
£ L/t<7'ia\.

3. WMETHNE. UTOXSIC lput] ZEOXEZEE
AR LT LTEEL\, Put (ingredient) from (tool) into
(tool) with (tool).

4. BETHNUE. ULTFDOLSIC "stir "Z2SOXZERK
LTLTZ&EL, Stir (ingredient) in (tool) with (tool).
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(EBRDGPTILEDHEAEER)

GPT I SDIE

1. ULrBUTIICSEUONSHKREANS.
2. fEEEERD)INSIT—>TIICAND.
3. MICANZEMEEZESECHSRES.

(EF]
1. BREBHIBUHMEDTLRLDT,
TEEE,DL -1 ACRERRN.
2. BER, BEHEZMSICEIXETIES.
3. EMRZHERETEVIRNL - - -
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GPT [CLDPMERIGED (KR #34)

GPT IC5A2720TU—

B User (38530
B O—E—%#EZDFIEE—SIDBRI T

B System (&fF - #9)

1. EESNEEEESMR Oy, RTF—>, |8iT
2R, BlexE, NN, JA—D, 7147, Y,
#Z (BHAD) , &8 (O—E&—1®HAD) ,
RDH FEHEFMAD) , RIJL (BIEAD) )
DHZEFERTD.

2. IBESNFEME (put. stir) OFHFEFERTS.

3. UTFOLSIC TAND] Z2E5OXEZERLTLIE
=0\, (EE)NSEER)CER)THER)ZEAND.

4. BTFDOLIIC ThEFEED] Z2E5OXHRERS
4’F§'C<7':“Z-_\'b\. (BEE)Dho#i) = (EE)ThE
BE3.
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(EBRDGPTILEDHEAEER)

GPT I 5DIE

1. BWNSI-—E—HZHETRECAND.
2. REOFDI—E—ZBIICEHCTHETREED.

(EF]
1. $ERF, J-e—HZI<SERLEULTEFEY.
2. J—t—%& [®RE] OPRICEB53ELTWVS.
3. B THIX, J-E—ZRESIERLULTEAEY.
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GPT [CLBPAEDRIGED (HER
GPT IC52 =T

B User (38530

B RIS EED IO OEEFIEZ
IXIDEMRLTLIZSN.

B System (&fF - H)

1. BESNZEME (put. stir) OFEFRALTLES
LY,

2. IBESNEEEEMR (R, XT—>, BIITE,
BE, I51RL, TA—D, 14T, k>,
RE (BHAD) , &8 (O—E—HAD) , D
& FEHERMAD) , RIJLA (BERIBAD) , R
JUB (FRERIBA D) , /RIILC (IOMHAD) ) DFH
ZERALT &

3. WETHNUE UTDOLDIC Tput] BSOXEENE
AU T<TZEL), Put (ingredient) from (tool) into
(tool) with (tool).

4. BETHNUIE. LUITFOLDIC stir 2SO 4R/ L
TLJIEEL),  Stir (ingredient) in (tool) with (tool).
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(RIEDGPTILEDHEAEER)

GPT I 5DE

BETRIIL A DEKRIBZRBEICAND.
B CHTHRBZENSEE D,

BETARIIL B DFRKIBZFRBECAND.
B CHTHRBZENSEE D,

N> JTIRDIL C OOWSDERBECAND.
AT =2 TRBEOHRDOONDZENERED.

'O\U'IAUJN—\

(EF]
1. 2EHOBKRIBEZEETVIDREIVDED - - -
v THiR] ZANDSFIRHRITTNDS.

ESD21 BRETZEAZEES Nov. 21, 2025 21

FRERDER RO AMEE

1. TV FICBBICANS)
FIRDIEFFTIE | 2. IOy FIZO—ke—#HEANS]

4 Bl

FIFISREFDRRP
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bk =B E - i [JA—O TRETEANS)
AL 2w PAETHRORE
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136 LLMOMgEm E
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BRI T IC e RO TS

s . 2FD <5
&A% (Contain) (Grasp) (Scoop) DFL %% 3(Support)
PEI
HhE
(Wrap-grasp)
2FL &9 (Stab) DED 7=7=<(Pound/Hit)

Affordance, Signifier&Z DR8I SEAZ4!

EIMEOEE /NI

WEEDHRBICHEZSXD.

[1] Yamanobe, et al, A Brief Review of Affordance in Robotic Manipulation Research, Journal of Advanced Robotics, 2017.

[2] Hermans, J.M. Rehg and A.F. Bobick: “Affordance Prediction via Learned Object Attributes,” ICRA2011.

[3] A.Myers, C.L.Teo, C.Fermuller, and Y.Aloimonos: ~*Affordance Detection of Tool Parts from Geometric Features®, ICRA2015.
[4]1 A.Nguyen, D.Kanoulas, D.G.Caldwell, and N.G.Tsagarakis: ~*Detecting object affordances with Convolutional Neural Networks”,Proc. IROS2016.

[5] A. Roy and S. Todorovic: ~"A Multi-Scale CNN for Affordance Segmentation in RGB Images*, ECCV2016.

[6] A. Nguyen, et. al, "Object-Based Affordances Detection with Convolutional Neural Networks and Dense Conditional Random Fields*, IROS2017.
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W ECED< “HEE" D%

B SAICEIC WEE” NRRIRZEDINIVEZEZD > “WeESlE” &BX5

1. RGB-SegNet+denseCRF
2. DIC&BPointNet++
RGB/D 3. DIC&®MaskR-CNN

B

P RS) Shd

PEIN
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HRELD “Hee” BEmREFRUZFIEO IS —Z1E

B VTR IIERXZEZEEIC, GPTIVY VBV THIBIE#EE LR
B EEEEREAV T, GPTORYPEAELREZBEMEIEL, LY LWFIEERKZZEIR

bowl

GPT-engine
YROIETX — /‘/
L“Make hot coffee.” 1‘— - ‘ FIRIzH BMET T —(EMEE#EEE D<)
FlE U -powder =
Eigs—4 FETIEEELEE o 7";7:0?;;6;/570/‘33; Put (x,y,z) [Object] [Target] [Tooll HH
.y ‘ Coff?e-powder (in *

2. Put hot water iinto
K cup with spoon-- -+

BRIRE

S
BR T ek |
Lot I
adle 'E'l'K
[
BB DE B
(BIECHEEDEATE)
___________________________________________________________________ EMEENEFD LR
| GPTIC & B8 E DB 3 RBBEEOET
Put coffee-powder into chawan with whisk.
3____S_Fi'_’_h_c_’_t,‘_\fv_?‘_t_‘?_"__i_”_@_C,h?_\’_v_?_rl_‘_’ﬁ?h_l_?_d_l_‘?:_____,_____J ‘
Oy NEMEERER
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3. BERNADERS

(2) YL — DS

Advanced Sensing and Machine Intelligence. Chukyo Univ. ESD21 ZHRTIFAF¥#EES Nov. 21, 2025

27

“HRelEER” MRAOESR - - - NARSOMRY SEMEDERK

SCOOop

grasp

NIROBERE P2 /-<
= FIO—FE

(Bl:graspEIZDED)

AT =258 (scoopTRIBDSEHR) DBEELEF  P1
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MESHQ BEEDBECEICTET IZETIVE: - “SHESMFEMET IV

B BEEBOEVWVAENEZ, BREOAT IV ECHBETIILEUTHESE
- HBETNICEDHZTEI VDT URBREHRASOET, (BRI DR £

& @ @ @ e

< < < :E?} l/ f
(RT-VA ZT-UB BRE . » wma «
HREISER

2HT—Y
}
{E B DENEERE
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MREFIQ BEDBEAC EICIEE 1ZETIVE- - “SEBEFEMETIL”

B EEDWEERMEZENREL, HACTRDENN (R &EH) = EMT 3.

24 Bl
Py

“I<I3" DETI

“Tlz<" DETI
(FIERDER)
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HRBHQ BFEREROBR(T<S)

EAEE(RT—-) ERER(HE)

)|

!

st |hd10/109/10|9/10[10/1010/10 5 |Nad|9/10|3/10[10/108/10|8/10
Ed %
i 6/10/9/10(7/10]6/1010/10 i 8/10|8/10|9/10]9/10|8/10
WINE1DD “9<53” EFILEFIBUTIMEER (BiIThE 83.0%)
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HRBHIQ BIFEREROBRCI)

ERAEE(RT—-) ERER(HE)

i} {1

=[7/10(5/10]5/10(8/10{5/10

=[10/10(10/10|8/10(9/10[10/10

RNy e
St

9/10(10/1010/10[10/10[9/10 7/10|7/10|5/10|4/10|9/10

WINE1D0 “F<” EFIVEFIRLU TEMFER(RRIIE 78.5%)
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MEREHQ BMFEMKRRDER (712712<, £3)
fete<BhfE 2 BEF

fEFhER (RIE)

S

D 8/10(8/1010/10{8/10(9/10

WINE1o0 “27<" E7)VZ WINE€1o0m “E5” E7)0%E
FIRALTEMFER(RINER 66.0%) FIRALTEMFER (IR 86.0%)
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HRBPIQ FRIFICFET SEME DT HRHREDERR
Q fEoT~
l

sl 1v7— 1. 2—UT 2. /T 3. RETHEME

HEMEANS. HHEAND. HHzRE5.
4 l N
—— FlaZzYRtt R OEIFICELLT DD, TI[METIIRL)
VLAY — FEzIE - BERE DBEBRE DTHESTI RV RINUE
—HT, 5ABNEIAIIE, FTEURFERSA
9<>5 ZE< FED (43
o )
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MREFQ RIZICTHET 2FWE DT HHEEDERR

Step 1. FIRFRDIFFEIZEEIC, ROMMEMEFMZER (RBEREFFEIIRS W)
Step 2. YR VEMFAE (BRIBRETHUGN ?ARBICKRITTESD ?)ETH
Step 3. Stepl, 2Z#ViRL, BBEREIZIRE

Step 4. HEICRHUT, BYGEEICANEZD

Step 1
BEMER SR
Step 2 Step 3 Step 4
| YZOEMSE T ELEE > EE0 |
ZTHl ZIRE AMBZ

Ok hﬁ{’ﬁ
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MREFQ RIZICTHET 2FWE DT HHEEDARR
FRVERNTHE = THRHEE M, + RITREE M
1. FTHREE M, 2. KITHREE Mg
BEERBHTHULEVERL HRDY RV ZRITTIDEAL)
A \
BaETHLW BaxETHID 9<23 I<Z7RLN
M1:j( MIZ’J\ ME:j( ME:’J\
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MREHFIQ KERIGR

BIER (FEiiZER)
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MREFD ERAIZRAWZORYSTOT ST OB

MEDEY: BASHICLDIETRNZL LIS, RONY N TEMFRIERTOT S LZERK
B AN YRAUETRY, Y—UIEHR(RGB-D EifR)
= WRYOIRTLEDMEEEBECE(CEMFIBSORYETOISA

| = # List of coordinates
Y ATIETRX approach bolt = np.array([0.5, 0.1, 0.2, 1, 0, 0, 0)
“/‘I'UI/I\E’:FEO)EPICAH’C” grasp_bolt = = np.array([0.5, 0.1, 0.1, 1, 0, O, 01)
! > BE>O0J5 A | # Move approach bolt position
P set joint state from_last trajectory(start_
> EEEJZ goal pose = create direct pose(home pose[0],
# Move approach bolt position

set joint state from last trajectory(start
goal pose = create direct pose(home pose[0],

# Gripper close
if not self.gripper close(): return False 7

TJOJSLICKRODENDEH
1. I=VIBEREDESMH
2. ORvkEDY TR T PHIEBRE
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HREFG ERAIZBWzO0NRYNTO3SI 7 0O8ENE

PAT7: BEENICLLM Z8AL, ORY bEHETOT S LZER

Step @ Affordance Analyzer: #gelEiZ=FAL T — U Z B, WROBIFRIREZRE
Step @ Motion Planner: IRIEDI—UHS BIEREANEBZ T D2 DENER IR ERTE
Step @ Program Generator: EMfEREEEZE EIC, EEOOMNY FEWETOYV S LZEERK

; @

m > t& Motion

»| ao' Planner

= 1

\

S

|-l @
e — Affordance é%o Program

Analyzer Generator
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- Move Home Position: (0.541, 0.133, 0.223, 1, 0, 0, 0)

=4 - Approach Bolt Grasp Above: (0.65, -0.00, 0.14, 0.92, -0.40, 0.00, -0.00)
&y ” - Descend to Bolt Grasp: (0.65, -0.00, 0.09, 0.92, - -0.40, 0.00, -0.00)
I-I_\Jl/l‘é_ﬁﬁlb_c - Grasp Bolt: Gripper close
- Pre-Lift Bolt: (0.65, -0.00, 0.14, 0.92, -0.40, 0.00, -0.00)
H R
/ {g}
R sV N
v v II \T/
1
- Affordance | | +® Motion “f}j Program
Analyzer | | e Planner = Generator
\ \
\ \
MRS & U Nrwrre
Lk =ssin e s o e . 7
PRRERRAIER Y Oy M2 T BRpDTOI5 LT~k \
s B
- #Object Name#**: Bolt def demo_process(self):
- xxBefore Task#*:
- Object: (0.65, -0.00, 0.07, -0.03, 1.00, 0.00, 0.00) home pose = np.array([0.541, 0.133, 0.223, 1, 0, 0, 01)
- Object Affordances: Approach Bolt Grasp Above
- AF = grasp: (0.65, -0.00, 0.09, 0.92, -0.40, 0.00, -0.00) = np.array([0.65, -0.00, 0.14, 0.92, -0.4, 0, -01)
- AF = insert: (0.66, -0.00, 0.03, 1.00, 0.06, 0.00, 0.00)
- xxAfter Tasks: # Approach Bolt Grasp Above
- Object: (0.65, 0.27, 0.12, -0.03, 1.00, 0.00, 0.00) set joint state from last trajectory(start state.joint state, trajectory)
- Object Affordances: goal pose = create direct pose(approach block 1[0], -,
- AF = grasp: (0.65, 0.27, 0.14, 0.92, -0.40, 0.00, -0.00) approach block 1[61)
- AF = insert: (0.66, 0.27, 0.08, 1.00, 0.06, 0.00, 0.00) ret, trajectory = self.pathgen.create cp path(start state, goal pose,
P PN speed, speed, SingularThre)
EMERITRIRDRENERIN TS - J
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