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(57) Abstract: Disclosed are a method and device for detecting an object
size-independently by using a convolutional neural network (CNN). The
method for detecting an object size-independently includes: a step for ac-
quiring an input image including an object to be detected; a step for inputting
the input image to a size recognition-based CNN that has learned the cor-
relation between a fixed size feature extracted from an image in which the
size of the object has been normalized, and a size-dependent feature extract-
ed from the input image, and extracting a size-independent feature for the
object; and a step for inputting the extracted size-independent feature to an
object detection neural network, and detecting the object.

(57) &9k A: CNN(Convolutional Neural Network) & ©|&3lo] 37] &
HdHdo= —:Eriﬂ% AEote Wy 2 X7 AAEY 27 594
o= EAE AEste WHe, Zﬂ%ﬂix} st A7 28 9
R = 215‘3 = ©A, A7) EAe arE Asksk o gl A
FEs g 27 B4 47 98 G FE5 27 o4
E4 Alole] A3 #AE g5 A7) <14 JuECNNel A7) g
g s g, 47l —511101] gk 27 =94 EAS F=&3)
= 9 2 FEE A7) =88 EAE A AE AT o4
3t A7) EAE HES = %74]% Zgsti}



WO 2020/045903 A {1100} 00000000 0 0 0O

T3 41790 93 A AA:
#“%61] A o} &l WA T At A Ak o] o
el #Ask A (3 4.17(v))

=70
—  AFEAPE LA & A (F=F A21%(3))



PCT/KR2019/010766

WO 2020/045903

wK

Bl

]

A1 74 7(convolutional neural network, CNN)-S- A& 8}5= Hh2] o] -] Ao ule},

Wl A7) &
ofell A Y] Al ¥ 1L

L

S|

3

0

Moo

7|Hko 2

KeN
=

% (ROI Pooling)

Ui

1
1

=

2

[e}

2

[e}

2~
=

71
o]
o]

[e)

=
[e]

13
=

A

|

A

=%
(CNN)
(CNN)

An
An

=

=l

7|Hko 2

[e)

=

= 7= AR} EZHGrid Cell)

A

ool

gl et

[6]



PCT/KR2019/010766

WO 2020/045903

o
0o

=4 2]

p=1
R

flebs A e o

=l

%] 2, CNN(Convolutional

ke
tol 27 S 25 =4

=l

3 A+

©

o] A

713 A
A9 e BAR S

A Aol 3t

I
1

[7]

|
fite]
Ho

ol
TH

)
fite]

N

pul
il

= ol

Neural Network)

, CNN(Convolutional Neural

sto] A7) B¢

5

2

& °]8

=

CNN(Convolutional Neural Network)

o
Ho

ol
0

)
fite]

N

pul
iy

J o2 23

R

& ol&ste] 271 5

Network)

gto] A7) H YA O R &4

5

& o8

=

CNN(Convolutional Neural Network)

[10]

o
BN
fite]
Wir
o

ol
~

N =

CNNoll 4H7]

0%

i+
o
;OD
2]

Bl

)
)

fite]

N

pul
il

3
st

=1
ol
~

o

r

X

7]
s e |

AO

[11]

T

-

~

;OE
;OD
P

k= HAE Y

A

%] DB(database)&

E
=

°|

=
=

Aol A7) K.

juy

)

bel a1 =71

fite]

KW

= -
o o

O uir

Zoll A 3k (median) S A7 FZ A7 &2
)

[14]

uy
%

-
o
A
-
ol
il
"
e

i

7]

370 ¢

T .

T

o= 23}

2)
7] Ay A7) 523

]

71 A7) ¢

\
\

[15]
[16]



=

S|

3}

PCT/KR2019/010766
A

T

g gkt 471 a2 =17]

FAk( i) Aol el

T

T

o A X5 T

WO 2020/045903

S}<=(smooth, )&= |

Al
=

7] Ay A7) 523

4

)

[17]

ol

o
T

7] ¥ CNN

—_—

71 A7) R
vt} H (parameter) S A 7

)

AO

[18]

[e)

=

kel
(instructions)

ks)

=

o1
—

]
A

¥}

T .

CNN(Convolutional Neural

2

ks)

te] 517] =9

[e]

i,

1 719ECNN 2 A7 Al =27] <14
Q5
Z M| A (processor) 2 /37|

>

Qa
A A

°|

|

R
o]

=

o

A1 A7

Ay

20w B3

i
ig

ks)

bpol

ks)

3to] 7] =

%}7] CNN(Convolutional Neural Network)

5

2

[e}

ol
A3, o) 5

] 2. 2] (memory)

[e)

=

T .

T
T .
T

],

],

ks)

Network)
1%
A %

A

[19]
[21]

[20]

)
fite]
Wir
=
ol

7]\ CNNell 4+7]

0%

-

~

;OE
;OD
P
il

)
)

fite]

Al
pul
il

—_—

()8

N o

kOl

-

~

;OE
;OD
2]

k= HAE Y

A

=
=

314 =17] 5% DB(database)

T
=

1 4k

bel a1 =71

°|

=

Aol A7) B Kol 239t

=

Aol A7) K.

juy

)



PCT/KR2019/010766

pas
i)

o A FZF4k(median)S 7] %
7| ¥k CNN

A7 A7) 9

=
=)

WO 2020/045903

[26]

N ~ =T
A oy NN ~ s
ey dﬂw__HMMﬂWUMO_E L\T/ M io_e MO Q#o‘nwowu_“ ﬁﬂUTcAT
) ﬂux? - : e N o o odo ., W
Z0 o AN I = TRY O N — B
w PowmEeLs IR o N R ooy T o E
; T~ S | PN R N o X S =g TN
| ooy WO ™ W Zomm = T 52 d a2
Mo oy o — S o ~ N S WOTﬂo.]xogE
ol i~ R B RO <K Wr o 7o U
o e X W% o Xy N I
L T X R o M 2N Fw 2o Ry Az W
il o) X [ o Z ™
P o emelBaewls O 00 E o of & op T
0o 2T O ) N WD~ o or W 3o MW gn
— <= = T ~— Ar o T D o z © WE o ol
2 colins e e X = R R T T S o R0 0
S | L Ee
O o = X — o' ~N —
z mﬂﬂmﬂﬁﬁﬂ ﬂgﬁm S pem g PR .mﬂofrﬂmmﬂ:w
_ X o= T (T —_ my o— <A 9 S~ - P
S osnEiTY uls - 2TEEies (AT vEa
HTGI.EMM%Q_%'NI = 2 ~J Nroﬂéex_e]ﬁuﬂro @Maxmoﬂﬂulﬂo
]_7 — t] ]“ o N (Owl.l' )
%IAW]Q7ﬂLﬂ m7ue < N X B Z %o ' 8° Nuxj.oﬂ@aéﬂ
o o8 XN ﬂﬂﬂzo o = ﬂ_ﬂzﬂ = %0 LtmN < uﬂclﬂ Z sGS I E o
- W —_,——
&o oo X2 TO o i @H\ﬂ il w o#,ﬁlﬂlm E]W © o Mﬁ E %Wu
CHWETRENY T & W 25 % A
TN O T o o RO Mo - = Z oo D i NN o 7
M_ZTMEQMME?O_E %anﬂ “ Mag%nﬁ%%ﬂﬂ mﬂ%%m#mﬁmﬁw
o = T T e 0 A L, o0 o N 0 R - 1o
%m_owﬂaﬂmaglqm%mw %EHHI za7mumﬂ_zgﬂeﬁh 20 iy~ R o pm B
2 =N N S O S mE W oAE g T o
B Mgy Noeoar CETamBTE A TR
ﬂ,auﬁﬂimﬂw#zﬂmﬂ ofxno 7@Nxﬂ_smxoo».iﬂem_.ﬂ%ztmo‘
A e tﬂ% o EMN%%ﬁEZT ﬂu%%ﬁuﬂ%%
S ACI O S ~ = O —dhpwmd 2 Wwmumwgx =
RN Zo N O 2o MR U] o AT %z Do B o N o X
o e g o e = ST IS o e SR G e e
S B~ N W or RE ol mord A Y- 3o

[27]
[28]
[29]
[30]
[31]
[33]

[34]



=

475
[6)

PCT/KR2019/010766
)

2 o]}l

CNN

WO 2020/045903

[35]

Bl

L

g

A2 -

LRt

H 3 el

O
8

g 9

=

ok,
of el WAE WolbH oA AL T4

Ay

% e A

gl
A1, A2, A, B &9

bupol 7

5

[44]

E»

o
ol
23!

ol

b

87 =

5

1 A s ol ek

IYX
2
T 227t E4)

=

-

|

o]
, Akl v

2 Az o] YA iz & o]
A

==
T
(@]

a1

J

A

Q_—rL

T8 AT}
=

o oh&



PCT/KR2019/010766

WO 2020/045903

— g
wﬁ o o ka = o Mﬂ | mm g M
o X 10 = — o . <0 3
T Wﬂro#ﬂrmﬁbﬂqjﬂm uﬂe = R o W E BT 2 g
7AO JJA ™~N T LIO mo ~ _— ﬂ O_E =0 ‘Hl 7AO ‘OI _Zrd m .
i RN o X Iy i maJ7 ﬁo.alﬂw mﬁﬂﬂdl
TR n e TR TR of TUMITx mTE owm¥ L
e T = :y o mAERS Eads oz MWE L
w NS T e R e o A R
~I ] ot N — U oF pr A A wir — o ol
do BT gy o X A W o NPy D ome X8
o W gy Mo N Ay e ~ METT o Apdg WEEE
RO EFIXTVLESR  om TR ENG R4 TT LB
PERTLTEBEEL N Fagne Stal frie
o B 0 o e W E N S i T R e
of o =y 2 o Mo B W K o B O
AR 2 R TR W RO do AN IR o T Ry MY = ol

T R I e ol T WEITEERN R _mym o™ 9
T g AN o g B R o Mwuguama mm,_ﬂq_ol ﬂodlzuwﬂ.
[ — —_— : f ) ] — X
%ﬁr&%%%o%_ﬂnﬂr% NdlzLWM%Q _ﬁ_mﬂ@o %%ﬁ%
TR X T MWy BT 50T R Fy meB® meXET
NN o R o] M T TR S I & B )
mdl R R KB I A SO N L
S EARE T PR gg Py O T Eam o g%y
B e e e N R TER P
=W ETE ST R0 W =B w Laa7ﬁuﬂMﬂﬂ o mﬁm‘
= T oy = T = < W ooy X T 2o H T2 =
,mo%ﬂw,mELEOtOQaEMoH Nawﬂﬁm_?mﬁz“éeﬁwugﬂoﬁ @Hmj,dl
PR R e g wm S W FXFN T ome %5 S owm g
TR KL ZE oy O F i wm o oy Mw B P Em e

B N o T = 1 B T o mK ozl " H o TR B S
N ol 5 U pRITLE LT SELE
oo N o R ) E mBW XS D oy mlT o Z T
do o W T g b P T gk B R e S B L B F B g
O | A K T s i Vo %,mo_o_ZleATﬂj.\M/ztu%o»JlC_ZT)
Tl H I T I en Craaglemascdxtlsgf
XPPWTgdpTPEode® My TEIHZL 22X Pgo s
DEH T xR xR W o RT AT UMYy TS
= x a2 = = =
= SR J A ) ) i)

A714]

=

-

floll w2t vt

J &1 (Region of interest,

O
[e]

j

by

2}ol

o), ~E

T

o]
AR

et o7 FER

YA
ar

(feature map), &4 3} ¥ (activation map) =+

RODN .= A A :
2 E o] = (stride) Bkl X A & =

AT PR =
Aukz] o 7 PP

wl

H



PCT/KR2019/010766

WO 2020/045903

AN I ) SR = 0w
o#]WuJMI R <& WWHQJ o R o
N oo MR T Eeo Zalel Fwle F
e gL MM Eyw RIS ROE®m g
Moo O ®we Hof A w T Mg g W g
PR N RE 0w PRTel xe T4 43
o N ok ok e o E D ~ B = X< N2 N 2o
o N5 oy o .mﬁhm\ivﬂw RTINS M~ ™ =X
‘aﬁaEATo_E1ﬂouﬁATID..LtaoQaUl SRR |y QN T R0 T =0 S,0°
= oS I E > ] R
G et el mw 5 75 B Mw = o R mu < T Hour <0 it
N — 110 o nw,.m mw Mﬁ Ay o= mn A mw N mE o owr R
Ny RS SR e S R KRBT g D
S o W gy ey Bowe T W P
= Mo g e 2L~ W= o Y _ 0jo
B LE WL Rw By R S N A
TRt kS MaFgo Tmwan p S
B s Pl MRTIR Tt m -
T o X0 T U XK= O_E Qo — H_Al WA_:O i ‘Ul D "o ZO
o) T ®o KO OF o o o o= X oo X :.L],Almc_ﬂaﬂ_tu o wr
EXF W 3T MW gy ExPgooTmoun=s
M ET g LT e foweedasgs EF
—_— —_—— S _— .

N wm RN R WD P omT Tl i ﬁw ° R0 5 B = mﬁ
—_— ! = ~ ! 70 ~
u%id.@ibt)wumuﬂﬁgi. cdo_ﬂuﬂﬂpv7 ET|ooz,%. W]
b T TS e sz =N xmsem 61
o Lo ﬂw\OﬂoEﬂdnﬂ J/IO], ENo ]
KR O BT OE o (- N T mmoﬂplﬂﬂ =)
Acﬂmﬁ@_@@%ﬂﬂﬂs TR R %w%iz W
o o e BT WP 0 = = — S ~ ) = —_ N
10 THMmTT® oo WX TN E S TR
MT@WﬂoW_ldlﬂ_zTﬂsT@ﬁ%Ho mnWoo JHMIQL%;WN MLOtOA
W U Xy, u I Ewoqor% A - N e R -
ME gl Lo B ZxPyTarga® 5 lp
Trxog g s 2ot REEFPIe dTNRTN o
T PR LT Ty e NI 2w NN T
Fao g T ol p EERP R T ILSWT TR g
RONI T ROA gy WRBWPR §OgmRM g0 N DT gWPT
N T I O = T T Y BT G
T o T = 5 =
RN} RARE) 0, )

A1 7171

By

1

Eas

[e)

=

QA7 5

o]
AR

P
1 T

=
f=1

2] 728 4] (Regressor) 2 T4
Aleflof] mh2 ¥, 5 19] =17] <12] 7|9k CNN(12)

T .

T

],

=l

=

Fol dlol g ol == -

]

1A <l

A

Z= 9l o m 2 AA
A B4 o) o

]

=
1l

juy

[61]
[62]
[63]



PCT/KR2019/010766

WO 2020/045903

55442

Ao ol mo] 2= -

8

°|

]

ZO

LG A5

gl

fite]

],

_ZU

2=

i

[64]

bpol

=717}

=71
o

1

A
e

bol 43}

d] DB(22)°l|

2 AR

Z

]

A7 2 AE e R,

juy

» =

]

T

23 o]

A
=

] 2

=

=

|
1 =17]

12 Ayrske o= duke. old, g3k

23 o]

2l 7

©H

o7k A7 = o] vk, whehA

23 o]

S|
=
LI

T

=

] 2
714 e A

=

=

3

i
T

1

5
T

7]

[65]

LOLaN
-
s
jruzel

i

]

CNN(23)°]]
CNN(10)=

=

-

)

1o u}

]

-
U

[e]

T

AT} o 7] 4] CNN(23)

A

A

=

51::"_1'_‘1

717k At 8t

= o]
548

[67]

0%

-

~

ol
ol
53!
bl

—_
fite]

KeN
=

]

[e}

Aegtoam A7) 594 5%

A3} 217 o

E

bobey a5 o] 22 3709

=l

1

Soule A" AR RS 2 A5, ve] A8 dAGL oIS

2}7
s e |

%

0%

(-
ol
A
-

==
=

A1 2474 (402) 3

T .

=] -

],

5

tel a4 217] £3 42 3%

[s)

40yl i

33

[72]

[73]
[74]



WO 2020/045903 PCT/KR2019/010766

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]
[83]

[84]

QoA F=H B4 039%‘(43% 7] 912] 7]Hk CNN(44)oll & ste] 7]
ol &4 52 (458 FE35H A2 1A @ob)S T8l e5E 5 )
o714 17 A7) ER@2)e 24" AV 2 Astd A ddEdnes
e 9 314 F(convolution)d}al, H¥ S AElH 0 2 =8)5to] & 55 4= Q)
oluf, A 7] 14 7] HF CNN(44)2 #HA] A 9(43)2 F=x A7] o e} ¥F 3}3
i #A G943 ZH S A EFAS S 243 g ReLU)E
Agsomy A7) oEH 57 (45)% FED T UG VA FEE A
ol &4 5445 ¥ Pol RGBel| 718EE 74 -9-, R,G,B 77} 3719 A el

=
b

ol EA-Y 7 Ut

7| AM, 271 12 7IHF CNN@44)= 2Ly =17 53 42)9] A9 B gkat =171
ol EH 57459 A Hr gl Abel o] ARtghe F = 12 A =4
3l (smooth LI E AALero 2 x 14 7] E442)3 =17] o/ &4 E3(45)
Atole] BAE St 4= St

FAH R, 1A 271 EYE 27| 9 EH B @s) Abole] A= Tl
ot 1o whe g geld & 9
[5211)
Lsan = smoothyy [r, —7¢]
ceC

A1 e 18 Faskd, 4 Al e, d & E9] RGBT 24HZ) sfhvbynfr}
S I3k Foll disto] 5 ¢k gy 278 =71
E442)& T3 F(x, y)ol tiste] =5 vl & gl(

TC
yAbol o] AFE-4ts =g At £ 4 9 (smooth, )°ll & sFaL 2+ A d 9]
Ashghe G 2, 1A 27 ER@T 7] o E 4 5@ Abol <)

TAZF A€ 4= vt ol ), =3k 19 whE AA = 7] 924 £ 2 (size aware
loss)= A A€ =% )

7] 12 71HE CNN@4)oll T gt gtz o] 14, shgol whel A4
stebul B & V| REo B 3_71 212] 7|9 CNN@4dyoll w2 5% 3%
]

L5 BEoukyg o] A Ao whE 7] o2 &40 vty = AE
2bral7] s A7) 914 718 CNNS 7L & 74 3 7ld 5ol o),
AdkA o & 91-F 417 "(nurural network)= Uh% AlS 0 & FA EHof a1,



PCT/KR2019/010766

10

WO 2020/045903

— A~ —_ <
TR 3t - T i T
— ) —_ ,Ao] ~ ]ﬂ o
N RGN Ye ogms Pxx " B T W g
= Aoy X ] S\ i~ o = O r i =0 =0 —
B = Tl © X S T 0 ail a_ZEFOHEZLE K7 oR
nby Ho . In < = B o W =~ . .8 B — or oL oy ujr
— o o Z ﬁ ) N = o - o~
o TR0 ;N Z v = =B H T TR A g g AR
Magwx®EPa 20 O0M wrm Swww dxg INETs2TH g
(R e NE o= ® o . T - TR e rwe L W Mo
| o) = s w el — T X i g
ol i o g 4 N 4= ™~ ~ B dui
il]ﬂ_ltlﬂm ‘OIHLLUH i _zgﬂx c.:v ny LA EH@E;%OI\AO\IO‘LI _vm/ ﬂmoﬁ,.ﬂ
. X —_ PRT) -—_ ;I‘.nﬂ - ~o — O# ‘OI ﬂ EE o o E.:l ‘q QO ~ mo X o Q ﬂ
PERTITE Zplui Tewe el TR TN g B
<d gy Mmoo ROy " T ol oyt N ooy ] o ot on M= K
~TRAEEL FERLCC ﬂ%% Rrma TomePEiamI wI
. ) ! — __O" [o) ~~ ) «
PrTHTrn 6§ .905 Taom pixe Lo ELEgol ol
Moo B oM T 2o B g P " o = S RO mo NI
T o ok X MLQIMoMEE [T pp Ho & N o ™ © mﬂrég7o s ok ).
Tl o gy TAPERR Hon g — NI NT D W
@@Wﬂﬂ%ﬂﬂ TLRRBAT N =gy UM h_ua%mﬁuﬂaﬂﬁﬂﬂhmﬂmﬁu T
N7 . o = — o = ) A = = 0 & 1o — = ~) =o
ﬂAiwrMﬂ% OL@AH.ME TRX wxmhwy N%_w_m sl g W 2w X
O o e ~ oz P! Zm® TR WT o FZopZugitsx gmW
X o) 5 O ol A o @) (N W E o CE_&._.M O R =
T o R W2 i%%ﬁ% 2w Tomag W .?m%%WN%U 2
RN — = S — —_— ~
@ 2w X %z oo — = 2 - g=ny g HF N 5 & N T S
rFT N w0 Raogal Nat oprTel 1ﬂ%m%%%cﬂ% B E
N m Y g oo DT < 5T o uhﬂzﬂio Lol < 80 o g =
o o X L R T e R~ B " s T e E NS 8 A
eI oS N &ﬂﬂ_xﬁ = X no_%%_z ol N%ﬂcﬂ0m7_zfs & 0
PR e Hgoptl TEU HmTow il e ZapaT T
FLEM e ®IT0w Mo Sgees S olZflZcome
T iloes B=2a azm Py wm FTELO Ny 0
Nl wei77 n S = X ) 3 <0 T mﬂﬂ_tut 5 o ~ k) oy ™
T - U N ] - E:%ﬂdruﬂ T T LR ME MR m
5 7 B oo TP AT T =R T o ooy H o F 0 e RO TR go o
MIrLA o o X = — X _ Grl) _ﬁi J ) ¢° X
Gl T TR op P w T MR g om0 L N o @ Ny WP gp W R
JEI & — O# 0 L o HLL _ZU — A —
HZgETms @ LR HWE Sy @G A ol BN R R M oy
TOREITET e mESC I Il THRTY T Tmp T T o
T RRTEIT A Ekdp LT gl bRy ToRERT D 2
TEIT AT DR W A A mE NN R M N W E o o AR
' =) ~ 0o o <) = N
) % o % 2 S o2 2



PCT/KR2019/010766

11

WO 2020/045903

g o] g3l

Z

o] H27] AR

st
=

}7]

Ao
]

8

]

A (S200),

=

T2}

&7 = A e A7 R L3
A

Al(S220)

1
-

st

SGA(S110)

ol A 3 k(median) S 7] FE AV 2

=

=

ol

-
T
NJ

_or

2
o)

[94]

7A
B

uy
%

-
o
A
-
ol
il
"
e

i

7]

[95]

=3709

o= 23}

ps)
.
EEERESE

T

=]
=

bl 27

[s)

Sk Zh(r) Tk 7] a1 A7)

(smooth, )& A4k
] 7IRFCNN 2 7] Al =27] €14

F2k(

T

A~
T

1

<]
1

T
A

|

T

el 25
(@]

o A 5 ¢
F A &4
A1 A7)

T
T .

7371

],

T

[s)

cCeC
= Aeold 4= 9},

)

Legn = Z smooth;4 |1, — 7.]

A7 =7] €14l 71| CNN
vt} H (parameter) S A 7

[96]
[97]
[98]

71 A7)

1
-

A(S120)

)

[100]

[101]



12

WO 2020/045903 PCT/KR2019/010766
[102] %8S #FEHH, C NN(Convolutlonal Neural Network)< ©] £38}o] =17]
SHH o2 EAE AEShE AA(100)=, Aol % shbe] 3Z 2 Ml A (processor,
= P

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

110) 2 A7) Ao x shfel T2 A (110)7}F o & shte] @A S =35ty 5

A A8l v @ o] E(instructions) S A 743F= Wl 2 2] (memory, 120)E X3 4=

A7 Aol & shfe] =2 M A (110)F 5 A 2] X (central processing unit,
CPU), 12} = A 2] % X](graphics processing unit, GPU), = £ 24 2]
Aol Eof] W& W Eo] X = A8 ZEAME o[ = )
w22 (120) B A7 A= (160) 74242 S84 A w4 R ]S A ;é} uf] A
SolA Aol stvr A= 7 Utk dF 5o, vl 22 (120)+= ¢V A&
] =€) (read only memory, ROM) 2 @ N A2 v ] (random access memory,
RAM) 5ol A Aol stvte A= 5= gl

L3k CNNE o]-&5le] 7] HHH o2 A& AEsh= 4X(100)+=, F4
YERAE E3l 54 a8t £ A A (transceiver, 130)5 ¥ &3

& %

AT} S CNNE o| g35fo] 7] E=HA o g & xﬂ-g A== % i](lOO)L

1 H AE o) 2= A1 (140), = H AE| A o] 1 (150), %174 2 (160) &< ¢l
38k 4= 9lth. CNNS o] g5t A7) @ H o2 BEAE HdEdh= ?g 2] (100y°]]
o e I = H%i(bus)(m)oﬂ o3 JAAEA ME A
S 5 e

1 s
5ot 9, 37 BAY A& Arshet Aol =8 g AV SAH
A7) e el A &3 7] o EF 54 Alol o] At A E g5 A7
12 7IRECNNell 471 48 7S deste], 471 A4 ¢ gk z17] 5 ¢4
EAE FE e dA Y 2 2V 598 EAE EA A& A g
deste] A7 BAE A&k GAE 28T 7 AT

A7 98 S g5k G A Aol Fofl, 4] 1A A7 5 & FH 5
314 A17] 5% DB(database)E A 5Fi= WA E t] 31 4= )

7] 17 A7 54 DBE A s dAIE, ] EAlY A7 ARE
FRetE G, FRHE AV EA Y AV ARE ol &ete] R AV E A
A, AR E 2 AV 5 o] 83te] U] 9 E it X3 A9 AV E
Aarslets dA 2 GarstE ] dE S ONNell d g sto] a1g =7
EAg FE3E dAE 23 5 9k

A7) FE A5 AR E dAE, AV BEAY 7] AR 23hE s
Zol| A Z7Fgk(median) S 7] A& A7) 2 AR 5= 9l

A7) A7) A4 718 NN, A7 2z A7) whel 7] A7) &4 EA S
Wietar, ¥ Aol gSshE - Al o] A o2 g slE of A
A7)l 5944 EHE FE5T 5 9

71 A7] 2] 718 CNN-2, A7) Z27] 9| &4 54 o] Atz Ao A7 &



13

PCT/KR2019/010766

WO 2020/045903

=3709

o= 23}

=
Zs|
71 4 A7) 543

T

)

AO

[111]

T

g gkt 471 a2 =17]

F2k(

5
T

o A X5 T

bo 24

D

(smooth, )& A4k

A~
T

1

<]
1

bR <

X

[112]

E smooth;q [, — T;]
CceC
& geld 4 gk,

Lsan

7371

o
T

A7 =7] €14l 71| CNN
vt} H (parameter) S A 7

[113]

] 719 CNN 2 7] Al 227] 14

o] &
v 71

A1 A7

T
T .

5

{

Bl

7]

[114]

Wi

0%

-
ol

N

[115]

tel =271

CNN& 0] 83

Bl

)
"

R

LI

Z}Z} 1l 74 (background), H] &l 7] (aeroplane), A+ 7 (bicycle),

T
T .

%= 9a WA = 9d

[117]

Sl

ISREE

Ol

A (bird)

KeN
=

(Pooling with SAN)
2 ZHroot mean square

Rl

CNN=Z- 0] 83

A2 vlalste], & A 9] 7] (scale)ell wh

error, RMSE)& %A

[ el A o st

N

l
a



14

PCT/KR2019/010766

WO 2020/045903

[119]

[120]

719l

<

2 el A

OF1—
5 o

4 el 0 = E] Boju

B
ol

0%

-
ol
S

ol
olp

0%

¢



PCT/KR2019/010766

bl A7) 54

[s)

2

& °]8

=

15

3749

CNN(Convolutional Neural Network)

|

1

WO 2020/045903
)

Q_—rL

3|

8

e

Hir
o

ol
~

Wi

oH

T .

T

st

[s)

A

=

=

tol 224 =17] £ DB(database)

200 A,
30 A,

3
1
1

2 2gshis, 27|
_O

Q_—rL
Q_—rL
Q_—rL

g
3
3

[e]

|
|
|

}2

[
}3

[
L4

[}

q.

q.

q.

Q_—rL
Q_—rL
Q_—rL

3|

A

3|

A

o
o
£

[
[
[

—_
fite]

Bl

ol A = 1Fgk(median)S 7] F%

L=
=

Aol A7) Ao 34 3k

=

juy

371

Bl

L

3709 - A

T .

71 HF CNNL,

30 A,
|

i
71 271 %

er
MEA o7 A3y

g

|
|

5
- 6

q.

q.

Q_—rL
Q_—rL

3|

A

(e}
£

[
[



e
=, 17|

ﬁq?

gk gkt

1

ko)
-

PCT/KR2019/010766
= 4ol

oA ®5 ¢
3F*(smooth, )2 A4t

Al
=

16
z smooth; [r, — 7]
ceC

10 A,
70 A,

1

[
1

[}

q.

s
:——I-Lﬁ
Lsan

g
3|

|
|

A
) 8

q.

WO 2020/045903
)

Q_—rL
Q_—rL

3|

[
[

Fo

ik
fite]

N
T
il
n3

st

i
™

i

T
T .

2

ks)

vt} B (parameter) & A 4

T

2%

]

A
1o

ol

7] {9 CNN; 2

71 A1 A7) ¢

D

7] ¥k CNN<,

10 A,
|

s
71 A7) 2

q.

Q_—rL

%)

3 9]

q.

Q_—rL

3|

[

<

—_—

A1 A7) R

¥k, 2]

)

Fo

ik
fite]

N
~E
il
R

st

i
™

i

] 2. 2] (memory)

ato] 7] 59

5

el A2

T .

T

[e}

2

ks)

],

5

@] O]
o)1
A %

=

&
[e)

A
=

-

2 A7}

(instructions)

Ay

2 M| A (processor); 2

=

L=

Ay

shtel

A| 2,

hpel
¥ o]

10 A,

ks)

T .

T

],

5

—_— —

ol %
&71 Hols

Q_—rL

3|

CNN(Convolutional Neural Network)

B
A Al

|
|

F 10

[e]
- 11

q.

q.

Q_—rL
Q_—rL

3|

[
[

wr

ol
~

7] | CNNel| A7)

1



PCT/KR2019/010766

17

WO 2020/045903

wK

Wi

L

i

Wi

L

i

]
b= @A S E9shE, 7]

5+ 11

Q‘._ fite]
N
i R

T .

T

2

ks)

A

=

=

tol 224 =17] £ DB(database)

oA,
oA,

- 12

q.

q.

Q_—rL
Q_—rL

3|

A

3|

[e]
P2

[e]

|
|

F12

[e]
o+ 13

q.

q.

Q_—rL
Q_—rL

3|

A

(e}
€

[
[

wK

Bl

oA,

5} 13

q.

Q_—rL

3|

8

4 14

q.

Q_—rL

3|

8

e

—_
fite]

Bl

5 Foll A FZHék(median)S 7] F2

T

A7 ZA49 A7 AR xghE gk

Bl

L

7|14 CNN-&,

1

A
)

|

oA,

5} 13

71 =71 ¢

Q_—rL

3|

8

4 15]

q.

Q_—rL

3|

8

e

Bl

Wi

Fo]

ks)

T

& k)t

}

3}4=(smooth, ) & A4}

Al
=

T
T .

1590 A,
- 110 A,
=, 7]
of A,

T

5} 17

q.

q.

q.

Q_—rL
Q_—rL

AEH o g B3 H
Q?

3|

A

3|

A

o
o
€

A4

|
|
|

16

[
F17

[
18

[}

q.

q.

q.

Q_—rL
Q_—rL
Q_—rL

3|

A

3|

A

o
o
€

[
[
[



7]

1
-

2 Aoy

PCT/KR2019/010766

18
Z smooth; [r, — 7]
ceC

Lsan

WO 2020/045903

Bl

L

T
T .

2

ks)

vt} B (parameter) & A 4

T

2%

]

A
1o

ol

7] {9 CNN; 2

71 A1 A7) ¢

D

7] ¥k CNN<,

1] A,
|

s
71 A7) 2

q.

Q_—rL

3|

8

4 19]

q.

Q_—rL

3|

[

<

—_—

A1 A7) R

)

Bl

L

1104,

3

q.

—_— —

Q_—rL

3|

8

4 20]

q.

Q_—rL

3|

[



1/8

PCT/KR2019/010766

WO 2020/045903

CNN

a7] ol4)
7|8t CNN




2/8

PCT/KR2019/010766

WO 2020/045903

7z aa S

o

st =lcE i

NND < .mwnm mvhl_Pl W__.Km — YO o{a
m Eleti& m
€2 lcE 1z



PCT/KR2019/010766

3/8

ar
8o
s
el

&l
ml
LHr
N
I.rl

WO 2020/045903
Y
wir




4/8

PCT/KR2019/010766

WO 2020/045903

144
)
I
TTTT RPN T T T 1
le—(] L | 0y obiey | 3
-, g
HTRY + MUY TXT - £f “
i N i Qs |
. R T
T1 yloows e R e N— ]
; NS 104 S110MISU-QNS Aisnosueynwis NS pue

HOMBN uoisleq uel] 7 a0
‘A:._m e ]
) S [« ZpuuoN 35 B doi)
4...:.% sayojed pazijewliop 3|edS oy
buljoog 3[edS aoualajey Je  SRIMIE3] [BUORN|OAUO) JoenXT T ~—B0p
44 |44




WO 2020/045903
[5=5]
T
ol 3
~ 4
m
1
o
]
L o
=
oF

Ho

<

i
=
A
Z1 L1
s

37| ey
7|8k CNN
)
2

5/8

PCT/KR2019/010766



6/8

PCT/KR2019/010766

WO 2020/045903

o (en] o
(@) —l Q]
i — i
! ! .
T g N gk ||
ol KE k- = ol o N
o Xz g0 |RN
o0 S=lz U OHl
H 200 F &r ol 5%
= ur B0 80 of -, Wl KO Ol
= o Bl qr O = ur U &
o o kS I kMo
=0 m_u_..umo w_ M ml fi
1 80 KO co Ur >~ = Ljr 51
=3 W yir &1 [ % NG
A N Kk M oo
> mj of o o RO
ffu Méﬂ%% g <
T H_m._ m * %o K-
ok B0

(] o (e} o
(@] i N o
N N N AN
[ I I,
E_E =)
~ Mw wrow
H_ mﬂ ol mr
Pl N o ol
M_n K0 ol ._”._M — K
= s S K+
L W Zon
=0 oo ojo KO
R SR |zm e
— T} — —
N o R ujn &L 20—
m p ~=| [®n
of &0 m o
ol K - w70
= — ml ol
i _.__./._ M._M_ JoO T B
ol o o
R %0 Ls
< R

" |Ko



7/8

WO 2020/045903 PCT/KR2019/010766

[5-8]
1(50
120 110
olgd O 1
2 2 " 3 |=|E—| |_|I-E'I-|-'-'“O|¢ ~_ 140
=R PPN
ROM| | RAM IZ MM
=8 50|~
.« = —~_150
1 170 I A
MNE EHK (~—160 Sl ~_130
[5=9a]
4 -
background
3 =
L
o) 2k
E Pooling
1 -l —— Pooling with SAN
0 ] '] ] [ ] i ]
0 100 200 300 400 500 600
scale
[5=9b]
4 -
aeroplane
3 o
Pooling
w
S 2f
(14
1k W Pooling with SAN
0 [ ] [ [ ] [ ] ) | B
0 100 200 300 400 500 600

scale



8/8

WO 2020/045903 PCT/KR2019/010766

[%9¢]
4 -
bicycle
3 =
w Pooling
73]
= 2
(1'4
. h\_ _ Pooling with SAN
1 N g —
0 '] '] '] '] )] B
0 100 200 300 400 500 600
scale
[59d]
4 -
bird
3 -
) Pooling
(/2]
=2
(14
1k L\ Pooling with SAN
\ —-ﬁ-'
0 | | [ | | [ [ [ ]
0 100 200 300 400 500 600

scale



INTERNATIONAL SEARCH REPORT

International application No.

PCT/KR2019/010766

A.  CLASSIFICATION OF SUBJECT MATTER

GO5K $/46(2006.01), GO6T 7/11(2017.81), GO6T 7/60(2606.013i, GOGK 9/62{2006.01)i, GO6N 3/08(2656.61}i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
GOG6K 9/46; GOOK 9/00; GOGK 9/62: GO6K 9/66; GO6N 3/02; GOGT 7/00; GO6T 7/11; GO6T 7/60; GO6N 3/08

Korean utility models and applications for ufitity models: IPC as above
Japanese wtility models and applications {or wility models: IPC as above

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS (KIPO internal) & Keywords: Convolutional Neoral Network, object, size

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X KR 10-2017-0028591 A (ELECTRONICS AND TELECOMMUNICATIONS RESEARCH 120
INSTITUTE) 14 March 2017
See paragraphs [0015], {00251, [0033], claim | and figure 1.

X KiM, Yonghyun et al. SAN: Learning Relationship between Convolutional Features for 1-28
Multi-Scale Object Detection. Computer Science. 15 August 2018, pages 1-16, Retrieved
from the Internet: <URL htips://arxiv.org/abs/1808.04974>
See pages 1-16,

A KR 10-2018-0080081 A (MKOREA ADVANCED INSTITUTE OF SCIENCE AND 1-20
TECHNOLOGY) 1 fuly 2018
See claims 1-3 and figure 1.

A KR 10-2016~0131848 A (SAMSUNG ELECTRONICS CO., LTD et al} 120
16 November 2016
See paragraphs [0042]-[0046] and figure 6.

A KR 16-1772916 Bl (INDUSTRY-UNIVERSITY COOPERATION FOUNDATION 1-20
HANYANG UNIVERSITY ERICA CAMPUS etal) 31 August 2017
See claims 1, 3 and figure 3.

Further documents are listed in the continuation of Box C.

L]

E See patent family annex.

the priority date claimed

S ial ¢ ies of ci - s . N . . . ..
Special categories of cited documents: “T”  later document published after the international filing date or priority
“A”  document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E”  earlier application or patent but published on or after the international  «X”  document of particular relevance; the claimed invention camot be
filing date considered novel or cannot be considered to involve an inventive
“L”  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other .« _— B . : : :
: : Y” document of particular relevance; the claimed invention cannot be
special reason {as specified) - : : . :
’ ) o considered to involve an inventive step when the document is
“0”  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
“P”  document published prior to the international filing date but later than  «g» 4, 1oiant member of the same patent family

Date of the actual completion of the international search

09 DECEMBER 2019 (09.12.2019)

Date of mailing of the international search report

09 DECEMBER 2019 (09.12.2019)

Name and mailing address of the ISA/KR

Korean Intellectual Propesty Office

Government Complex Dacjeon Building 4, 189, Cheongsa-ro, Seo-ga,
Dagieon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT

) S International application No.
Information on patent family members

PCT/KR2019/010766

Patent document Publication Patent family Publication

cited in search report date member date

KR 10-2017-0028501 A 14/08/2017 KR 10-1980360 B1 28/08/2019

KR 10-2018-0080081 A 11/07/2018 None

KR 10-2016-0131848 A 16/11/2016 US 2016-0328630 A1 10/11/2016
US 9940530 B2 10/04/2018

KR 10-1772916 B 31/08/2017 None

Form PCT/ISA/210 (patent family annex) (January 2015)



FAZEN =
TAZANE LA PCT/KR2019/010766

A, Bl 3l 7| EF(FAESEFAPC))

GO6K 9/46(2006.01)i, GO6T 7/11(2017.01)i, GO6T 7/60(2006.01)i, GO6K 9/62(2006.01)i, GO6N 3/08(2006.01)i

B. &AM Eof
A H AEAEAS I EFE 714

GO6K 9/46; GOGK 9/00; GO6K 9/62; GO6K 9/66; GO6N 3/02; GO6T 7/00; GO6T 7/11; GO6T 7/60; GOEN 3/08

b 7% Bk Sahe A 274 o9 o]
FHEEASA TR Y T AL TR AR H T A TRC
YREEHAGUNTR L AR BALSUSTR: 2AE Aozl /A IRC

Az o] &1 A4 do]Eju] o] (e o] B ul o] 0] 3] F A o3| D sl H9)
eKOMPASS(E-31 Wy AAA| =¥ & 719 =: &4 F A (Convolutional Neural Network), = (object), Z7](size)

=

C. FHFH
ﬂ*

7l 5t Qe L B pAEdalE 290l 4 B A7
X KR 10-2017-0028591 A (A2 A-F¢) 2017.03.14 1-20
@2k [00151,[00251,10033], 73 1 % =9 1 3=,
X YONGHUUN KIM 5 “SAN: Learning Relationship betweenConvolutional Features 1-20

for Multi-Scale Object Detection' Computer Science 2018.08.15 ¥|°]%| 1-16
SlE]Yl F Al <URL:https://arxiv.org/abs/1808.04974>
o]z 1-16 A=,

A KR 10-2018-0080081 A (&r=r3}alr]&¢) 2018.07.11 1-20

A7 13 9 =11 H=

A KR 10-2016-0131848 A (A Ax}F2 g AL 5) 2016.11.16 1-20
w2k [0042]-[0046] % =9 6 Z=.

A KR 10-1772916 B1 (gretajstal o g]l7piteld &g &) 2017.08.31 1-20
A7¥ 1,3 % =B 3 FE

- . S Vel A3 gz =
F7F 3ol (A%l 71451 e] gl gt X clgssial B wa e dashiale,
* d8d £ 5 7hEl e
“T FAERD EE A Fol R FAOE S0} 47
“A" 54 o] gl Aow wolk QurHel V)& 5ES A G EY o el 7|20 ¥ 4} ol 25 olal o] 919 g8
D B FAZANA FA0] A8 BB Td
BY FAEALRT ME S99 B S AL P} FAEID o] F X7 528 #ele] = T Y A shivhom J7d Ay Al
of FAE AEA £ 59 19 A B AR el gl Ao 2
LAl F gL AlshE Y EE O AGED] gAY cyr swgpee) g B s T3le] ol o) 4be) 2 235}
wE ohE 5 ol f (o] f2 WA Z #s)7] gate] AgH BH Zghebs 202 1 x5ko] Bzt A A A A7 wy
0" FF AN, A, A4 EE V8 SR dFshn 9 B =Angel gl e £
P ¢AD el F el FAHA oY FAZAD o] Kol F/) A FH ‘& B A SR Sole Y
FA 2Abe] HA $E FAFANRL A 25D
e}
2019 122 092 (09.12.2019) 201941 12¢ 09¥ (09.12.2019)
AAL
ke

e NS +82-42-481-8405

WA~ HE 182-42-481-8578
2] PCT/ISA/210 (7 A £2)) (2019 78)




A ZEW

A ZF AR A A

QS Eslo] e An PCT/KR2019/010766
jf;ﬁj%g%"”” =AY =53l =
KR 10-2017-0028591 A 2017/03/14 KR 10-1980360 Bl 2019/08/28
KR 10-2018-0080081 A 2018/07/11 Re
KR 10-2016-0131848 A 2016/11/16 US 2016-0328630 Al 2016/11/10

US 9940539 B2 2018/04/10

KR 10-1772916 Bl 2017/08/31 Re

A2 PCT/ASA210 (W -$-53] F714%]) (2019 78)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - wo-search-report
	Page 30 - wo-search-report
	Page 31 - wo-search-report
	Page 32 - wo-search-report

