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2 dFuAY 158 & 94w, 4 74
7

A o
= ==
9 5% gvka ols|sofok & Aol

ofr skl WA dlo] EPA FHLkeh, FEA /NS TP PR, B A dold FUE ¥
A AHgstel MRsvls ok, wlEE AL gl o1, o= shube] MAl ee] JAE AW v 44
el Agd + glom, FEHE WA TAL Age Y= @,

£ 1 2% X8 A9 A WA 29=E Adet 48 Agdon BA% BHolr

2H1e EA BAZ 39X (grasping)dt7] Y& AAS HE33(Object Detection(OD)), WA 7te] #WAS wjot
a tionship reasoning), ZAA ] Ws 32 HS & (Grasping Detection(GD)sloF & 4 Q).

~
=
@
o
ﬂﬂﬂ'

23 B A% A4 A adme AR 2 Au, A FE Au 2 949 4% 4nE 238 5 A
2o AR W 2ol |z BAE

Bo A &
MA BA 2YPZE AAEY] Y93 FX(100)E #HEE(130) 2 Z2A4(150) F3H3,

Z2AA(150)= W2 (130)0] AdE HAFHE ¢S & e A=(dE 501, 2ZEd0]) B Z2AX ] 9

=
& f2rE SI~EZ M (instruction)E5S AT = Yk,

Z2 M (150) = H43t= 525 (desired operations)<
stedol= Fdd doly A AL F Ark. «dE &

= AdAEYME(instructions)S £33 = 9t
dE Eo], =9goj& F3d oy X7 #Ax= vwlo]ZEZ ZAA (microprocessor), 5% 7 %X (central

processing unit), ZZA|A o] (processor core), WE-Fo] X2 M| X (multi-core processor), HE]ZZAA

(multiprocessor), ASIC(Application-Specific Integrated Circuit), FPGA(Field Programmable Gate Array)E
EE 4 Q).

s
MEel (1300 ZEAN os) ks QAERAS(EE 22 43T £ A dE B, A
EYHES ZRANY B2 P/EE ZRAMe 7 T4 FAL 2] A% ALEGHES TR & 9
o,

g (130)= A miie] Fx we 233 vixe ZA= dE 5 A,

3t wx2E] AX+= DRAM(dynamic random access memory), SRAM(static random access memory), T-
RAM(thyristor RAM), Z-RAM(zero capacitor RAM), S+ TTRAM(Twin Transistor RAM) o2 &= 4 i},

304 ve] X+ EEPROM(Electrically Erasable Programmable Read-Only Memory), Z2fA](flash) w&i
2], MRAM(Magnetic RAM), 2= HALEEZ MRAM(Spin-Transfer Torque(STT)-MRAM), Conductive Bridging
RAM(CBRAM), FeRAM(Ferroelectric RAM), PRAM(Phase change RAM), A& ™ Xz (Resistive RAM(RRAM)), =
53 RRAM(Nanotube RRAM), =29 RAM(Polymer RAM(PoRAM)), Y= H-& Alo]E w2 (Nano Floating Gate
Memory(NFGM)), Z&=1]¥ w2 (holographic memory), +AF A wlxag] ZAA(Molecular Eelectronic
Memory Device), & A A& W3} w22 (Insulator Resistance Change Memory)® T&= < t}.

Z2AM(150)= st o]/e] 7

5 =5 >~
g 95 4 A

Gl

EoFeks Gl et ojujHel 7]xste] 230l AAE A8 A A

Z2AA(150)E @Y AF 7d Y E<9 = (deep neural network(DNN))= O] st A3 AEGD), AA HE
(0D), A Afe] #A F2& ¥l vz d=aE AT = 3 2 A4 (150)= YOLOV3S ]Lgi 3}
= @Y DNNS o]&3te] RGB-D oW AZFEH IJAH HE(GD), AA 742(0D) AR Are] #AA FEE YT
T ATt

Z2AM(150)+= 7E MEHIE o|&sle] 53 AW (feature map)oll 71Z38te] A #A 2 LE F5F
T Atk ZEAA(150)= AP E3E ARE FAYst] 2R AAE AT FRE FEF & AT, T
AW AA7F AEE vhed ¥ (bounding box) B FHAHE HAESheE vhed B, 7 vked Bha ) AA
o Felx AR L AA % AA F2 ARE ¥ 5 U

SRAA (150 Hel DN ol oM WEe AEFe Zolu o ¥ ARE U o mME AN = 3
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A% HZ=(GD), AA Z=(0D), A Ato] #A FES TS = A

2% &= 1o Z=AE A S Adysty] 9 EHela, & 32 & 1o =AE FA7F o] &5k wd
EfA] x5 vehie =Holt.

3ol 4 =AE FAr] g 33 HE=(G)= B 22 (parallel gripper)et 3 5D =3 A &
AR (5D robotic grasp representation)©] ©]-8= 4 9}, 5D 2 X TR FEH {xy, Ve, Oads Wed,
hetd 7 AT (R, ve)© ZEE W AAY $X] (position)E WEFH I, 6,45 H3F(orientation) S HE}
Wi, weE 289 79 Un)(gripper opening width)E UERZ, he,E HF 2g¥ ZgolE Alo]=

(parallel gripper plate size)E UeRd 4 o},

FHI-H

230l 2AlEe]l dole mAR ol = @AM 5 Y =AE FAs] A A5 sk o] =419
oA G R} ﬁﬁé}fﬂ TAARL B Ags A7l AAE Aol Fdl=(class) B #A FE ARV dadd
Ak, o] B 5D 2R oA AW BA FHE(clsy) R A =M (ord)E H EFAA F Ao

EZ2AAM(150)= 48 olH A (input image)E AEFH wd UIESA(Convolution Neural Network(CNN); 21
= %3

0)ell 4= = Avk.  JF WA= RGB-D 7w sl F5E 22k ojmAd = vk, CWN(210)2 A
A%, A A 2 WA FEs 792 J=F g5 @Y v DNWN(multi-task D\N)L = IHt.

CNN(210)2 15D @Ml 7]zxate] Axke] ad 4= 9lvk. 15D @AW AA H= sepvly, A4 H=E 3
g 9 _if‘ vtebul e o] v |3} (reparmetatrization) T EHES 3 F Q).

CNN(210)2 <871 ¥F2(anchor box)E ©]&3te] Lel=(gird)® 3 4 oluA|d oz 7z =2
g HES ALkE = gl

A4 HE AN EE {Xd, Yoar Wod, Doas ClSoa, Progtolal, A HE I EE (X, Ved, Weao N, Dreas
ordg, Ot8 F UTh.  (Xoa, Voo) B (X, ve) 22 AA D 3 9AE HEHIL, (Wog, hoa) B (Wea,
ho)= 22 AA AES 913 37 2rzo) a7 2 343 HES A 47 Wz 7185 YA, 0,5 %
94 AFS % YA o] wES eI, pryge AATE EATE FES e AL, prge A 7Hed g
S yed = g, 34 32 FFEHE {clsi., clsetY F AT clsie 2 cls = 242 AA 9] olgfol

=

g2~ (Father Class(FC)) 2 $Jo A= A2l S 2=(Children Class(CC))E e

rﬂi

a2t (0D), M}Z]@ HE e (D) 3 #A F2 s EH®R) S Aviiiasst e HES

OD = {124, t, 1% thy, 175, 155}

84 2

) ls 460
== {tgd t t;d tld t ;d'tgd}
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84 3

. {tcls . tglcs

z; = o(t%) + c%,y; = o(t¥) + ¢ al-
ol ’ / e B , ()—'C— AlZLEo]l= 4 (sigmoid  function)©]al

, B s . pr
wj = P exp(t¥), h; = Pl exp(th) Gpa = ply+19y s, =o(t)  prj=o(t)
J €{od,gd} and rs € {fec,cc} o] 3L, J , pj m p_qd'_\E 747 7] wlxo] mE AolE o] uH]

. cf)
W owgpeln, TV A aee ae) am aw waE 949 5 A

- an n e » +h
{lja yjsegth U-'jsh'j:prj} {t§:t§$t]‘vt; :‘tjat;'"‘}%

CNN(210) & o2l =4¢ o+ A9
T, Yi, Wi, h;

DYDY o s ash 1x1el AEE Aie 5 ga, e was gos wawd & 9
o},

ON(210)e BE 2= 0 97 s Fui FA4 4 9 43 3B & A4S 498 5 Aok ol

g A&
u, AR SEE 8]# T4 (regression problem)S w;, hyoll WE 3 + EF EAl(regression +

classification problem) o2 W7AE 4= o},

ONN(210)2 rgtst 79 7% SH 5 71 332 A3 g0 & 4% Hgd% FAT 4 vk, (N(210)2
ek 7] vl A(orientation anchor box)E ©]-&3}o] 09&% FAT £ . dE S0, N(210)& E&HF

(classification) % &< PA A} 34 (discrete anchor box rotations)& ©]-838}o] Ogd% AARE 4 9l
=

CNN(210)-& Z+zte] 7A A% ¥ ~(object detection box) B/HEE= A AE v~ (grasp detection box)ell T
A ZFHY2E FAYL S At odE 5o, (N(210)& ZFd2= 43} &4 (class activation functio
no® AXEWMA(softmax) S o] &3 4 Ut}

CNN(210)2> Z+zte] i A9 ¢ Z/%EE ofgdd e AA =5 HET & Ark. (N(210)2 AA7F

(t5e, tds) € {class,,class, ...,classnone }.

A B A-S T3l 2 A&" £ drr. N(210)& A

o] goll &= AAY FYA(COWE F4E = ).
CNN(210)& & 33} Zo], Abd &5% #AA F2(reasoning) L FAA AL Isle= tE-thAa A AS
S 93 FA"E A ASol gk YOLOv3S Darknet-53S AF4slE FONNY 4+ 9th.

CNN(210)2 th% B3 o= (multi-task predictions)2 I8, A = Y ELA(feature pyramid
networks) & o]83t] A HES 2=ADo| ZAH <5 (prediction across scales)@ ¥RF o} 7}7he] A7
dolA #A FE Z AXH HES T4 = UEE = 5 Q).

CNN(210)2 A2 T2 2AY(scale)dll ] A2 Th 2 PA BtAE ol&sty A A=, 4AA A& 2 44 F
& 495 98 F At dE £, C NN(210)° AfHE =AY (low-resolution scale), 3+ = =
A (mid-resolution scale) F I3 Y= =AU (high-resolution scale)olA A= thE P#A vtxE o
zyzko] 7ol AAZF AEE vk v, fAHo] AEE vy W g 3 ARE E9E ¢ Q.

== A A He A4A s, AH HAES AT @ He A s B oA 4=
A

CNN(210)-& A u
Z3H7] Yt Wl M YA xE o] & 5 Q).

(grasping angle)

to nﬁ
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CNN(210)= At 2ol =8k4] 49} o] 7] wpagE o5 5 Qi

784 4

(P, phg) € {(540,540), (480,480), (420,420)},
(P, Pha) € {(300,300)},p%; € {0,7/4,2m/4,37/4]

CNN(210)+= X2 vlolg]yo] ~AY (X2 bilinear scale up)S F3E T S s e 2ADo A =84 59
ol 7 vtAE o= 5 9},
7944 5

(P2, pf:d) {(360, 360), (300, 300), (240, 240)},
(pgd pgd {(100 100)}pgd € {0 Tl'/4; 2”/45 3’1’(/4}

CNN(210)= X4 ulolg]yo] ~AY (X4 bilinear scale up)S F83 & 1 = ~ADoA F38H4 69
ol PA BAE 95T 5= .

84 6

(p, pha) € {(180,180), (120, 120), (60, 60)}

CNN(210)& 70A| 7

as
SAYAN £S5 Ak,

CNN(210)2 A F2& xFste AA A&S g vl Ay vied v o2 A dE &8, A 29
2(FH2 HE), (Fd2 1341 X2 B 8 FYAFEC, (O oFF /e 3A vrxy) a5 4= Qo

A, "hek(orientation), FA|H HE FE L A<

CNN(210)2 =8k 77} 22 Awiziste =9 g (0D, GD % R)Z 7|9k 2 (Ground Truth(GT) 0Dy, GDy 2

Rgeoll ek &2 3hmo] 71%3k0] k59 4 Tt

(12
o
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[0094]

[0096]

[0098]

[0100]

[0101]

[0102]

[0104]

Z2IME35] 10-2022-0032241
=814 7
Z Z { Z MSE(k}, k5 g¢) +

1€9) j€{od,gd} ke{z,ywh}
Y (—logki)+ Y FocLoss(k}, ki )} +

kepr ke€elsgp

MY Y D (—log(1— k) +

i€)€ je{od,gd} kEpr

Z Z Z BlFocLof.%( e gt) +

i€f) jER k€cls e elsce

Z Z Z MSE(k}, k ;)

i€ jegd keo

oldf, x, y, w, h 2 z&= 44 t, t', t, t 2t FFolx, QL A g AAVF A 2F=Y F
oltt.  FocLossi= 38t 83} o] FdHE 4= Att. =, clsie B clses U5 F#2°]2 &, binary focal
loss(BiFocLoss)7} o] 4= i, olwl, A 2~ Zl(focal loss gamma)S 22 AAH, An = 106
AAd 4 ).

#2148

FocLoss(p:) = —(1 — pe|)” log p;

2 AA(150)E CNN(210) ] A
o], TEAA(150)= A4 A 4
AE 9 IXH AE vfed vha A 853§ Q.

I 2AA(150)= b-FHo oA dag]l<E(non—maximum suppression algorithm)ol]l 7]|%3&le] EHQ3 HE 23}

5 AAT = At

EZ2AA(150)= A AE0D) 2 FAH HE(GD) vk vFA(bbod, bbgd)E Z+z+e] wped Hlso] FPx

AH (clsod, clsgd)el 7]x3le] 2F3E < °"3}(250) IR AA(150)= 84 99 o] RdH+=
fe) KR

I0U(Intersection Over Union)oll 7]Z3&}e] ZAA] HAZ=(0D) 2 I}xA HA=(GD) w}
FHH o2 aFsts 4 .

bbog N bbgd
bbod U bbgd
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[0106]

[0107]

[0109]

[0110]

[0111]

[0113]

[0115]

[0117]

[0118]

SIHS31 10-2022-0032241

Z2AA(150) = 1007F A 3 Z23sts A4 AE(GD) vhed W F8 5 X3 HE= (Gl e 23
o] FES Adgste] AT AA AE0D) R 3AH HE(GD) ¥heF H(bbod, bbgd) & AEE 5 3

o},

e

ey uaE A gons Ane Fess AA 9

% da WA = 4de & 1o =AE FA ) FeS BolFr] 9% =doln)

ZRAN(150)E & daol EAE S FRE(AMA w2 2NE £ bl EAR 2R Ade] Foxet
Hel FAM (A w2)E AES 5 A, wF, T ANA0E ® 4csh 2ol 7 AA Alole] BAE FE

5 A~
s 4 .

ojlu, & 4dE FFshd, TEAAM(150)E =3 WS of g2 w2 (a,b, @ c)I Hwsl] Ax £&
(FPS) o] o= AL (mAP)oA & %S Holx AL F¢1d 4 ot}

AN mE e teFd AFEH FUe Filel £99 5 v Z2a3 9y Iy
= 7bs wiAlel Z15d 4 vk, 3] ASrE @ vbe wiAle ZRad 9 o|E
& 9EoR EE 2dete] T 4 v A7) viAel VIEsHe Z2a9 9

AAE R FAE ABIAY AFH LZE] FAA FAH A Thed AU F=
% 7bs 715 Al oel= st vz, E23 txa 9 A gz B

CD-ROM, DVDS} #& #4715 wj#l(optical media), ZHFEIZ tlx=F(floptical disk)9 2 7= vl
(magneto-optical media), % &(ROM), H(RAM), =] R T3 £ 220 WHS AFstal 33}
= 5983 7AW at=do] X7 xgET. =9 gy ddis Antdee o wEolAE
Aol mewk oplet QEZHE FS& AMESIA AFEHC s ddd F e 1w Ao
xgeth. grlE stesel A= AAde A4S A A8 st o)) AXE] mERA
= 748 F glen, O o= vpibA el

J
-

N
o
K )

AT EYOE AFE Z 2T (computer program), T =(code), W& (instruction), E& o|& F 3 o|4t9
2g¢E X ddHor

5 g3 ¢ on, 3= "R FHSEE AP AAE FANAU SHALR EE
(collectively) A Ax& HWHT + Avk. AHZESS Y/%e HolHE, A Aol ofste] s w7t
gl Ao W T foleE Awaty) fste], oW G339 7|4, A2 (component), E&]H FH],
4x](virtual equipment), AFE A WA T Fx, = ALyE 235 FH(signal wave)o] FFZ o=,
= dAFo7 A3 (embody)E F Y. AZEYO = WEJAR AZW AFE A2w Ao Ak o)A,
KIS T Q. AZES 9 HelE e s o] HFH dE e 71E )

S
=y
a

e AGHAY 434
=

&
32,
i

Ol/g'il]— 7ELO] /\E]}\] ]E ?:51' % 1= Elj
A8 2R GaE 1Ed £4 9 W8S A48T & A A o, A9H Jeso] 4udE wuH g
2 SR s, sl/nes AYE 2", T3, A, IR o Al Add Uy vE FH
2 4% = 2PEAY, ge Pdes Er w5Eel e qARAY AauHE 448 A9 94
+ 31

AR
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k1
N2

1
(g
~

100
130 150

o 22| Z2MA

1
(g
[\

Input image

l 210
CNNs (Darknet-53)

l

Global feature map
(clsoq bbyg cisgd, bbgd. FC, CO)

J 230

250

OD/GD class &
IOU matching

| 270

OD/Reasoning class &
IOU matching

Grasping and reasoning
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EB4c
Reasoning
Mouse Cans
Ind : 0 Ind : 1
i 1
Cans Notebook
Ind : 2 Ind : 3
ZEr4d
5 Ours()
_ 70 @O
) (b)Y
o
@ 65
o
=
‘2 60
o
z
55 [C)O
50 1 | 1 1 l 1 1
0 5 10 15 20 25 30 35

Speed (FPS)
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