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AutEE 3384 JhdEl, CCTV, B8 SO 72 RE YAH = ojujx Ul
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detection)?} o]m] Ao tfgt A5 Aol FEE YA k= ofnA] M
(image captioning)ell #3t A50] s P HTol= v F
F3b M (caption)y= AASH] fdl AA AE B
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7}. HOG(Histogram of Oriented Gradients)

darg]Fel ARgET o] WS oA =dE i qtelM V=] W
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HOG #H4e 27 3eAZ vtk 3 WA wAE 149 S8 o4

i mpAAE A o R A gsto] onA| YR Y& @
AlRgt i1, 8].
Dy=1[-1 0 1], Dy=1[-1 0 1]

293 oA b Fol e w, 99 A9 whade oluAE 77 x

Wby} y Wk o 2 ol 213} 7Fo] convolution AAAFSHUH1, 11].
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. EfficientNet

"4 © 2 CNN(Convolutional Neural Network)e] A& L5 =o]7] 3l

AL

A AEE RS RS el 9Aw, 1E RO go By

]IN
I-ﬂ

(complexity) & *°lv WHE o] ARttt 7|E RES] AV]E 7%+
o= ol [29 2-11% o] A Y(channel)d 7|55 =2+ width
scaling?} Z-(layer)®] 7N5 &2l depth scaling, {8 ©]u[A| 9] I EE
0]+ resolution scaling 5©] It depth scalings &3 REo AV|&E

ZA3l= txZ el RdlE = ResNeto] 201, width scalings &3 =2

o] AVIE ZAEsH= XA EElZ = MobileNet, ShuffleNet 5©] 1t}
I 37FA scalings R A &dk= AE A9 Qi
—
1 [ -

#ichannels - - 1

— ' - — ' ) I
T ——
= = i

| [—

deeper

[ i

“ higher |1 -, -higher
| ; resolution E : i
T

? layer_i
|} resolution HxW T.‘_resclutlon

) baseline (b) width scaling (c) depth scaling (d) resolution scaling (e) compound scaling

(29 2-11 24 =27] ZA[12]

Tan et al.(2019)> X 25 1774 3}al depth, width, resolution 374 & & A

=
o 318 3F= compound scaling= #| A 5131 S ™, MnasNet?} AFSH B4 &
ZF(search space)°lA] AutoMLS F3l RES ©Asta, o] HAoA ZH-&
zk2 29SS EfficientNeto] 2F1L 3FATE AutoMLS &3l 3> EfficientNet

FaEy 7l RdES vwdt Ay ofde (19 2-2]3 #uh



EfficientNet-B7
84
_— -
An.y'ogqaue;.pp -===="""AmoebaNegt-C
P @
< NASNet-A .»**"  SENet
3 82 7 A
S . one
> an®’
%) L.
@ »7  _..-""" ResNeXt-101
3 80 P A
o 7 ..+*" Inception-ResNet-v2
- ¢~ Xception
S H ResNet-15
5 ' I eResNet-152 Topl Acc. #Params
S et-152 (He et al., 2( 78% N
2 | l! ensoterzon By | U
4 B0 - ResNeXt- 101 (Xie et al.. 2017)] 80.9% LY
ETG1 1 & e EfficientNet-B3 81.1% 12M
= j -  ResNet-50 SENet (Hu et al, 2018) B27%  146M
- NASNet-A (Zoph et al., 2018) | 82.7% 8OM
L J [ '
N - EfficientNet-B4 82.6% 19M
! Inception-v2 GPipe (Huang etal. 2018) 1 | 843%  556M
! NASNet-A E’fﬁ'ﬂ?nlf\elvn'f 84.4% 66M
. Not plotted
ResNet-34

0 20 10 60 80 100 120 140 160 180
Number of Parameters (Millions)

[1% 2-2] 7] CNN 227} EfficientNet 2] JS= 3l shebulE] $12)

EfficientNet> 7Jth2 & 22 3}e}v| B (parameter) T8 AALHOZ 7|
£ CNN REES A3letes JgEE Ko, ImageNet HoJH A Eo|
A7 =2 A4S E B9 GPipe Huh ¥ =2 JEgEE B
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7}. 8|74 A5 (Visual Genome)

ojm#] AP 95k 7]EE] HolH MEEZ AA olmAle] iE A
(caption)= A& 3HAY3, 15] o1 A W G (region)el] thst @ o]E(label)
= AlgskARE kg = FEe WAL AlFskA F=v10]. BT
Al (Visual Genome)®] 9% 71X (region caption) HIOJE] AHEE MS
COCO$%} YFCCI00M HoJE AEOA o|u|A & FH3Rom, o=
2 (crowd sourcing) Z %21 Amazon Mechanical TurkE E3 ¥4+ <1
o] ojuAlell g A ¥ (bounding box)E /Sl s Gl i
BAFE Ado](natural language) @FEJS] MO T AAJSEF dlo] 4514
Atk HFA Alme dol AA ol AES o= (19 239 2o,
A 108,0777012) olm A &} 2F 5400,000712] A MAS E3HETH6).

woman in shorts is standing

behind the man 1
7

man jumping over fire hydrant

yellow fire
hydrant

[ 2-3] ¥IFE Al 99 A Holy «A[6]

L}. DenseCap

o
o

Aol gt BARE Aol Jej= BAdsks A= A 7 A
Fow ATHAM ovA e FaF oY doe a&Hor AEstn

dole& Adsk= AA A E(object detection)¥} o] &S HRES )

ko



sto] AA] oju Ao gt BAFE o] Al (sequence of words) & E]E
WS ol MYl Atk Leu B ATE odlel (17 2415
2ol #ol&9o Whi(density)?t HFE(complexity)E F FOE AE 5HY
Zey =] gl

_léi

Whole Image Image Regions label densit’y

Detection

Classification

Single

Label

Skateboard

Cat

Dense Oaptlonlng
| Skateboard with
red wheels

Cat riding a
skateboard

Brown hardwood
flooring

Sequence
A cat

riding a
label skateboard
complexity

v

(238 2-4] F3 AAY[4]

DenseCap[4]<> ©ol&|st ZAl HE3 o|v]A] AN RAS shue] &%
rydYgazr  FFsks EHo|th. DenseCape 2% A J(dense
captioning)= ¥t Fully Convolutional Localization Network(FCLN)E A<t
5FAtE. CNN¥ RNN(Recurrent Neural Network) S % T ©th= AoflA 7]
& olu ] MY JF Y-t FH(Encoder-Decoder) WS wEth 17
U A3} AS(Localization layer)= F71ste] 9 59 &5 o5&

7VsakAl sk A A 291 DenseCapl] Q= ofefle] (28 2-519F #th



Image: Region features:
3xWxH Conv features: B x c xXxY Region Codes:

CxW xH BxD .
L]
. LSTM =
.
F{ecognmon
---------- B

- Locallzat|on Layer T TTTteee--

Region Proposals: Sampling Grid:
J— 4ka'x H’ Best Proposals: BxXxYx2
Bx4
* S i Grid
amp Ml Generator
Reglun scores:
kxW xH
Conv features: i | Bilinear Sampler
CxW xH

[Z13 2-5] DenseCap 7l 2[4]

Region features:
Bx512x7x7

DenseCap®] CNN& [213 2-6]2] VGG-16[11]1S AFE3th 5709 2x2
Hdl #% AT (max pooling layer)®} 1370¢] 3x3 HEFH AF
(convolution layer) &% A EHAN, HFE £9 AlTS A7 3x wxH
_ . | w . | H S
el ¥ olm A= c=512, W= h—(ﬁJ,H— {1—6J A oexwxH F
Ble] WA (enson AT, ol @ et WAL A5 o Qejo] Hrh

Faster R-CNN 7|®Fe] 2|13} 752 Rol(Regions of Interest) &% |7
S5 A3 B (bilinear interpolation) .= tjA|slo] dS¥H JS =

N

¥ (region coordinates)E E3l 2 % 3 (backpropagation)S & 4 UAl AT
AAgt AT cx wxH FHO ®AE gz wrel, B A

%(Rol, Regions of Interest)= FZ3tt}. o]F, Bx4 FH 49 i
W

o

(region coordinate)®} B do]e] WE FEQ G S (region score),

Bx Cx Xx Y FE 4 5H(region feature) WA E HH3hstc}



224 x224x3 224 x 224 x 64

112 x 112 x 128

7x7x512
14x14x512

56]x 56 x 256

28 x 28 x 512
/ 1x1x4096 1x1x 1000

=7 convolution+RelLU
) max pooling
fully nected +ReLU
softmax

[Z19 2-6] VGG-16 T-A E[11]

RNN o] X 9 (language model)® = LSTM(Long Short Term Memory)=
AMestar, P99 FZ(region code)’t AREETH AE =90, EI(token)
Spe 578 5 Al X (sequence)’t TO] AW, RNN E®of 742 Zo]9
AE(word) BE 2,z 2 x5 AT O] W, . =CcNNOE A
& AlZ(linear layer)©. = Q17 %31 H]A3E ReLU(Rectified Linear Unit)E
3l FEE 99 ZEolth z= 55 START EZ° s, & 7

ok obefe] A AREEIA 29 “dEl(hidden

states) A1 A2 S B9 WE 4,5 ke

EF St=1,...TE {14

okl
ok

-

By yy = £y, ‘rt)

HE 4,8 A= | vi+1olH, 74 ve BEF olfloli FUF EEE
5 END EZS YERL

HAE EF(test time)oll A1Zt4 F R z & RNNe| AlFstct, Zb Ef
o A8l(time step)ol A 7HE 7heAdol w2 EES AEW6HAL, Ue B

=

10



2o A RNNo| ¥33dle] E4 END Efo| MZEE uj7lx] T IZAA

man wearing a black shirt

people are in the background
red shirt on a man jelephant is standing

light on the wall ~ sign on the wall man wearing a white shirt large green o8 phant is brown
trees 4
man with roof of a
black hair building
man sitting ) trunk of an i
on a table white laptop  elephant ?n““:;‘ trees
on atable
y background
i rocks on
man wearing mansitting - ground [y
blue jeans onatable )
woman b?:'t's
wearing a WE w
blue jeans on black shirt
the ground - leg of an
chair is brown ;g b e - cof g elephant
man sitting on a bench man wearing black shirt shadow on
ground is brown elephant is standing the ground

floor is brown

[C2¥ 2-7] DenseCap =2 A4 A AZ[4]

t}. Dense Relational Captioning

Dense Relational Captioning[5]<> ©I"|#] W AAE=2] A 7vke] 4
= AAske ok o] wolel Fof(subject), & O](predicate), =% ]
(object) M52 POS(Part Of Speech) il TI(tag)s Tstar, ZF e 1o thJ
3708 =2 Y (recurrent unit) &= FAJ5te] Bl oS53 A S 3

F 07 F433F= MTTSNet(Multi-Task Triple-Stream Network)=- #|2+3}5 th.

==

of

Region
Proposals

[ew ]

Ruumm/)

5120
512D

Bilinear Fully Fully
ROI pooling Connected Connected PRED
1™
LSTM

Union Feature

Unian Region

Fully Fully

Bilinear
Combination . ROI pooling Connec:ed Connected
Layer .

Subject Region Subject Feature

. Bilinear Fully M Fully
ROI pnulmg Connected Connected 0BJ
1+
LSTM

Object Region Object Feature

SuBJ Multi-task T BIVID
LSTM Module

512D

512D
I
v

—» “word”

512D
512D

[Z2¥ 2-8] Dense Relational Captioning /3 £[5]
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Dense Relational Captioning 2212 QIF U= DenseCap E =¥ 5
T35 AYsttt. WbH, DenseCap F 2o xfo] -2 7| A|<H(relational
proposal)& A/d8t7] Slal FET B/ #4 959 TS wEo
BB+)Z/HS G e AdFH olHEd gL = & =7 A

(conbination layer) .2 F-EU} T3k Yang et al.(2017)2] W& A €slo]

ofj

| (subject) 2} 74 Al (object)E A T(union) st F 31 bu(box union)E F71H4]
o2 &gy =g, A 3 ARE AFetr] S FAeE AA
b o] ofsk 7]8FshA 54 (geometric feature)s A Al (fully
connected layer) ©]7 2] A3 5% (union feature)ell F7}3ttt. F 712 A7
HF 2~ bs(box subject)@} bo(box object)”} T A|H 7]3}stA 54 r& Peyre
et al.2017)3} F-AFSHAl oFej o] 2oz AojHtt FA, AA|, Ag Foo
A FE% 3709 542 7} LSTMel Al3¥

[$—SC Y, ys wh, w, w, b,Nb
-

Vw.h «/wh h”h‘_o7bsubo

Dense Relational Captioning 52> RNN <o FRl=zx #AA A
(relational caption)s “3AJ3t= FEE QA MTTSNetE AlQbetAct. A2k A
A P =T Pl Ae Folgh HHojo] #E woje} WA A

el = Wk, Ag Teetd 54 wo] A5 Vg & Uk
AQFE triple-stream LSTM R 2} 4|, A, 4% 99 35 @9
st Al e LsTMe® A ETH Al J1e] LSTMS 747} shhel A e
A (representation)= AJdstH, Al 718 ZdHS TSt st dolE
oS3ttt o]#3t Fx= @Y LSTMET o B2 FAAS 388, +
of, o], H&o H1 wo& A A o] AFIAE A ES S

¢

A%

Oll

12



Subject
feature

Predicate
feature

Multi-task Module

=

sus) | | suss | | sues | [ sues | suB) | [ sues
sT™ | | st | | tstv | | sT™ LSTM | LsT™ l
PRED PRED PRED [ PRED PRED
LSTM LSTM LSTM LSTM LSTM
- wr
| FC
oBJ oBJ | OBJ - OBJ oBJ
LSTM LST™M LSTM LSTM LSTM I
/' /
rd
- T “horse’
4\ PN 'S N 'S
T “police” T “officer [ “riding [THE = T8 “horse <EOS>

[Z19 2-9] triple-stream LSTM T-%[5]
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L. AQE =HLA=

L ZHdd= 4

Ben=ct - ;’I Character Face | *
i i Extraction i
4 E E . Character
!' C\;Ts:,?:izn Auto Labeling Recognition
Key || - Confidence Score i Module
Region | |-Area i : |
st i - Distance i Character |
Detiction | e ! | Recognition | /
Algorithm | . ‘
E Calcultaion Importance E
5\ of Region Caption ]
[ | Region / Caption \';
i Union i
Post-procesor | i
Character i
g Mapping f
(29 3-11 Ak ZH A3 53 =zt

Aol Aljbsk= ZHA A 3 HAe (a9 3-113% 2o W
A, @3t GAeNA 129 139 ZeEdds FEete] Zdd =9l AW
(scene) 1WA H3-S AAAgtch A olu]x &= oju|A] MY dde] H
™, o|m| A& UH|(width)E 7203 A(pixeDZ HIs= A BY& 5
ghth & Aol A= DenseCap @& ZF AW olu|x]e] thal 1,0007H <]



de  A9H(region proposal)= AT, FHZE NMSNon Maximum

Supression)®] ¢ A| #k(threshhold)S 0.7, #F NMS A4A#S 032 4274

sto] g9 EFed FHS EUTh (29 3213 Zo] g A o]uA]
_]

of sl B 105709 Aol PHE WA B

a black and white bag
a white plate on the table

a man wearing a black shirt
a box of books on the shelf
a man in a black shirt

[Z13 3-2] 93} A& o]u]jA]of thdt DenseCap F A

AT M e A olm X el FRstE AYEHS ARE 9 A
A FQEe wHEgelr] $st g E A H & (Character Recognition
Module)& A 9 T3ttt Yy 2 BEE 3284 ZAEH
Argsicy, £, 2 =FolA ARjbekE A
Region Caption Finding Algorithm)> 9 A T QT Y-S v X +=
Hyz do] vA AFE A, do W2, 49y Ad T4 1 A
2, A T A7HAE aelste] thkst 49
st A4 P9 AAS FeTh olgd A g9 A

=
AA A v mA e R S g gl s JHAdE)

A I GEte
Aget AAow Weksk= #9ds 4 2] 7](Post-processor) ol A a5,

FAYN ol e g 348004 g,



2. /MY ¥ 2 X F(Character Recognition Module)

B AFoA Altehs AYE A BES I 2 BEg AHEsHY
A oluj Ao FAsk= HYEE o]F¥ A= wAE 5T o]y
NEE A EEs T3l 59 AMHHY olg3 d= vtae 3320
A A ST JAEQD A I3 AEEH e FoEE Ho
3 AFEEM, 3.4 ATl G HAY AgE AH e dolE A
e o]Fow WEd u ARE-Sh

A= Q1A mdle] gy doly MEE Adstr] flaEl WA gH o]n|A]
A d= omAE FHshe S s 54 FE dugsd
Haar-Cascade$} HOGE g™ o|w]#] 3tellA Q1As =S =55 (crop)st
o AAFstgiet. obel e <i3-1>9F #¢] Haar-Cascade &85 F 6,211
o) olnAE FAs o, gl 1AgH A& olw| A= 23847 0=
38.38%2] AL S Huh wbd HOG ¢ g]E5L & 232789 oju|A=
TR oH, A AAS = olw|A = 2,299 S F 98.80%°] 7
3= 5 Kol Haar-Cascade Y1 g]SHTF A7 60.42% =%ch B
ATeM = A= olvAE FH87] 918l HOG Eigs= AYste] At
o},

ofo
ro

<3 3-1> Haar-Cascade?} HOG ¥ 125 A= A2 A E
Haar-Cascade HOG

T olmA 6,211% 2,327%
A= oA F 2,3847% 2,2997%
A 38.38% 98.80%
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Haar-Cascade HOG

mEEennEE —(EE)EEEEE)E

0[5 [2) 1 £ £ ) I 1 5 6 [ [ [
BREl eom @EEEEEEEE

[C19 3-3] Haar-Cascade ¥118]53 HOG €e]Fe d= <14 A3

A8 A& olu|A= A% Sty (supervised learning)o] 23+ o] E0]
AskA k7] witel #HolES Folahs Aol FHH ook Tk #Ho
Eg oty a8 d= olw|A e HOG 54 ¥WEE WUx W S
Bl ¥ (clustering) 71§ % 3F}<¢l DBSCANS F3dlo] FAF3E A= o]n]%]
TR TS0 HEtd= AYE Y oS dlolER Fofdith o
5, AxEZS] A omAE Agsty & wHE dE olvAE A
ARFohe A4S APsith mpABto R AF ou| A& 22 7](crop), 3

H(rotate), ¥ 71(flip), = 7|(translate), 7] =" (resize) & o= W=

rN

i

o} 19l g o] A (agumentation)= &3l 17¢ 30782] o|u|X] & &K s}
2 AFo A= A A A= olu|X] g dlo]E M Ee] thdk CNN
22l VGG-16, ResNetl01, EfficientNet-B5 37FA Rdo] AHIx A%

Hlawskelth A5 A3 AR oA stEs e Ay ok [
1

o

2 3-4]19} o] EfficientNet-B5 . 20] 99.85%°] Jerz 71 wkom,
U}S ResNetl01 %20 91.612%, VGG-16 X2l 85.15%°] FL S B
t}. webA EfficientNetS A= <12 mdlg xjeislo] Alg3it) 71 E 2

H nEo 3 Axe (19 3-5]9 2
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[1% 3-51 AEE] 28 5o 3 243
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55 Yeldth bU(Truth, B) &

g

[oiz
=

of A7} EA

‘a woman In a

Confidence Score; = Pr (Object) X Io U( Truth, B,)

Truth 9k i) ol va BIL AAE

bathroom’, ‘a towel hanging on the wall’, ‘man wearing black shirt’, ‘woman
wearing black pants’, ‘a white toilet bowl’® G HrA7} ‘woman’, ‘man’,

Ea

_@
.6U
P

o

il

‘man’,

|

o
R4

‘a man wearing a blue
shirt’, ‘a large green tree’, ‘a cloudy blue sky’, ‘man flying a kite’, ‘a building

‘towel’, ‘toilet bowl’
with a red roof’ =

0

¢+

ol
o)
o
el

B

‘tree’, ‘sky’, ‘kite’, ‘building’s “J 57|
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Pok ot

%
5

. @ woman in a bathroom
. a towel hanging on the wali

Cwoman wearing black pants
. & white toilet bowl

. & marn wearing a biug shirt
. a large green tree

. man fiving a kite
. @ building with a red roof

(2% 3-6] 99 vt ANHE AeS ned A
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Area, = BZ wX B g

[19 3-7]2 99 WAnte 1

Ar.

g g9l s7) 9 AAE HoEnh A

WA G oju A FEE 9

12

7842 ‘people standing in front of a
window’, ‘man in a suit’, ‘woman has long hair’, ‘a large door’, ‘a man
sitting on a chair = A Al 22| = HAo] Z ‘people’, ‘window’, ‘man’,
‘woman’, ‘door’, ‘chair®} 72 AA=S AWsh= AAo] YER O™,

HA ZE olu x| x FEH Jo HAHL ‘the door is open’, ‘man
wearing black shirt’, ‘a door in the room’, ‘white dog with a collar’, ‘a
white and black oven’©. % oA thF& HWAHS XS 3= ‘door’,

3 2

man’, ‘dog’, ‘oven’¥} & AAEE sk AAEC] HERSH
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B

1. people standing in front of a window

Z.manin a suit

4. a large door
5. a man sitting on a chair

1. the door is open
2. man wearing black shirt

4. white dog with a collar
5. a white and black oven

(1% 3-7] 99 H¥4s 19
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A 7hsAel Avkm YR B ATeAE ol guel
AdE obelel A3t go] RFUE A 53 WAL A AN
o, 9%E Hstel At HEFE T g AT Ak oA
Senterx ¥ Seperyis B TH X ARG Y HRZ WE, Bk

9 B erys A 99 wrAo] 24 X HEY Y HEEZ ujsitt F

THog PR il g AeE Distance, 2t FHT}

1
Distance; = : -
\/(‘SzenterX - Bi, centerX) + (*Slzenter y Bi, center Y)
(1% 381 A G F2 3 Al e 49 4 e A

HojErh 3 A FH o]u]X] o A= ‘man wearing a blue shirt’, ‘two
people standing in a room’, ‘woman in a green shirt’, ‘a blue and white
jacket’, ‘white shirt on the woman’¥} & 9 AHo] FE= o T
Ao A Tt 2AAQl ‘man’, ‘people’, ‘woman’©] FH TN} 7MY
A9 99 A YERET T3 acket’, ‘shirt’ 9} e AAE A F
A3 A7) Wl delel Y F WA A oju] Ao A& ‘a man
and a woman’, ‘a box of paper’, ‘man with dark hair and a shirt’, ‘a box of

cardboard box’S} G & AMo] FEZE o F|F AHoA FQ 3 Al

P

‘man’, ‘woman’, ‘box’7} ZF9lell WERgoH, FH Q= JIEES A A
ox ZAHel FAY At Hel A9 99 A FESHA LSkt
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1. man wearing a blue shirt
2. two people standing in a room

4. & blue and white jacket
5. white shirt on the woman

1.8 man angd a woman
2. a box of paper

4, man with dark hair and a shirt
5. @ box of cardboard box

[1% 3-8] 999 A T4 7+ Az
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Face box

Area of Overlap Region box

Intersection of Face =
f Area of Face Face box

(1% 3-9] A uhag) o] vhao] wal WA wg

olg] [Z2¥ 3-10]12 A

ofN
i

of & FAETF =2 A9 5 9 A
Mg HolFEo, 3 |iA A o]n| R oA = ‘people at a table’, ‘woman in
a black shirt’, ‘a woman with a red hair’, ‘woman with long hair’, ‘man
wearing blue shirt’ ¢ o] FZEH At Ao thekst Aol T3
A TF Ab=oly vl Bt} ‘people’, ‘woman’, ‘man’¥} 72 QlEo] 944
o® Yegon, FQE7F w2 JAEAFSE Ao A sttt F HAl
™ o]u]X]o]| A= ‘people sitting on a table’, ‘a woman sitting on a couch’,

‘a woman in a blue shirt’, ‘woman sitting on a couch’, ‘man in a blue shirt’

7F A g Aol FEHoH A2 kst A F ‘people’,
‘woman’, ‘man’ & A&Eol Ut & Mol A Jo HHORE YES
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. people at a table
. woman in a black shirt

Cwoman with fong halr
. man wearing blue shirt

. people sitting on a table
. a woman sitting on a couch

. woman sitting on a couch
. man in a blue shirt

(2% 3-10] AA £H=

e
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Standard Scaling(X) = X s

I~

X33 AAIL"E S AR ZF WSS Confidence Score’, Ared’, Distance’,

Confidence Score’ = Standard Scaling(Confidence Score)
Ared = Standard Scaling(Area)
Distance’ = Standard Scaling(Di stance)

Object Type' = Standard Scaling(Object Type)

Al 9o AR FamE obulel A3t go] 2AUYL AR A

FA Wrsl For Akt

ok

Importance; = Confidence Score’, + Area’; + Distance’; + Object Type',
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V. 49 4 A3
1 A8 874 2 doly

AAE S8l <E 4-1>, <3 4-2>9} Po] st=go] W Az E] $7
S A3k tE CPUE Intel(R) Xeon(R) Gold 51208 A3 oW VGA
+ Tesla V100 SXM2 32GB 2tl= A3kt E3 A4l Ubuntu
16.04 LTSS AF4-3 ©v, CUDA 10.19} cuDNN 7.5.1& A3}t #<t
I A A= Lua®t Pythons AF-E3F0] Torch79t Tensorflow 2.1 37 oA
T A

= Aol e e A5 VAT d3E B4 dder AdAsk

A8 S At B ol AFESE J3F= 1,920x8049] FAolH, 129 1
ol e dS FE8 F 7,922 AW olmAE FHsSTE ol F,
1920x8042] ©olm A5 720x301 A712 ZAHsh= AAE HAHS A3
t}.

o 3% 23277 T AE QA% 28-S AEte] F 2,299 A=
ojmlA 5 38T ©]F, DBSCANS F3ste] dAAELte] dF ofn
A 489%s Agletlon, & FE olnH 5295 AX ARFIIA
o HETAOoE s dE ouAE F 18100t dEF ouAE F
7 FHa] Qs ol awlH ol A S FaEte]l HE 54,300 A= o]v]A
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St diolg AEZ ARGkl

<E 41> =90 2Y 37

S EE AL <}
CPU Intel(R) Xeon(R) Gold 5120 2.20GHz
RAM 180GB
VGA Tesla V100 SXM2 32GB Tesla V100 SXM2 32GB
Storage 1,050GB
<3 42> AXEdJo] Ay A
SRS A} o
0S Ubuntu 16.04 LTS
CUDA CUDA 10.1
cuDNN cuDNN 7.5.1
Lua LualIT
Torch Torch7
Python Python 3.6
Tensorflow tenserflow-gpu 2.1.0
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< 43> 3 V1P F

Hjj - EE = = oW F
Song Kang-Ho Ki Taek 323%
Lee Sun-Kyun Dong Ik 1647
Jo Yeo-Jeong Yeon Kyo 283%
Choi Woo-Sik Ki Woo 353%
Park So-Dam Ki Jung 2147%
Jang Hye-jin Chung Sook 2047
Lee Jeon-Geun Moon Gwang 967
Jeong Ji-So Da Hye 827
Jung Hyun-Jun Da Song 247

Park Myeong-Hoon Geun Se 677
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1

IAWF ‘a red bag on the floor’, ‘a red and white

bottle’, ‘a window with a frame’

‘white wall in

)

—_
fite)

bathroom’, ‘two women holding hands’, ‘man holding a cell phone’¥} 72

=% A7k ‘a black and white bag’ ¥}

=
T

|

o 4o

3

(e}

(s

,va

pace]

otk g A T4 3 AT PR &

=
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i

Hq
T
WH
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o] YEFSEA]TE ‘a man wearing a black shirt’, ‘the man has short hair’$} 7

A=

o
e

‘the man has short hair’®} %

Atk ol=

]

o

PN
T

[oiz
=

1

)
o
ojy
[

ol

ol

‘a red bag on the floor’ ¢} o] t}

A=

o

‘two women holding hands’, ‘white wall in

bathroom’, ‘man holding a cell phone’, ‘the man has short hair’, ‘woman

holding a cell phone’©]T}.
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white tile on wall
a white toilet tank

a white and black bag

: e wall
a man wearing a black hat

1. twe women holding hands 1. white wall in bathroom

2. a red bag on the floor 2. two women holding hands
4. a window with a frame 4. white wall behind toilet

5. woman holding a cell phone 5. man holding a cell p

S gH S A

1. twe women holding hands 1. two women holding hands
2. woman wearing a black shirt 2. woman holding a cell phone
4, the man has short hair 4. the man has short hair

5. a man wearing a black shirt 5. a red bag on the floor

%

H 89 d= g5

4. the man has short hair
5. woman holding a cell phone 3. man hoding a cell phone

2. white wall in bathroom 1 .two women holding hands

(29 411 34

of
2
s
Red
N

A dads a3 570
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[28 4-2], [19H 4-3]12 Aot ZHIYPas Fa) A9 99 A /1=
FE3 TAEE FA A9ES RojFr}

[2% 42]°A4 FZ3 49 99 A2 ‘two people standing at a table’,
‘this is a man’, ‘woman with long hair’, ‘a white paper with black writing’,
‘a large window’olth. &9 S T3l & Aol e HelA F
ol B4l ghol A4 A TE 29
), slE s Aiete guidle ¥ FHdEo] YElEtha deE
3k ‘this is a man’d] P WOl ‘man’®] AMEES A st P vFA
7F AN AE BEolA 53 AYE Ki Woo'dl dES 70% o1 X
3Fe O 2 ‘man’S ‘Ki Woo'®2 WHEstal #ALE A A3SFo] “this is Ki Woo’

o e T ol

o

= A& 7)ASE} ‘two people standing at a table’ & &
A== YERHARE E3ek= HEE ] d= ¥Aas 3 Ho]2E Ki woo
and the other standing at a table’ = H3$FH T}

[19 4312 A48 AYES WgdatAd Bl 4] 99 HE <
ox FZ9 A9 s/ 949 ML ‘two men standing in a room’, ‘a
woman wearing a white shirt’, ‘woman with long hair’, ‘man in black shirt’,
‘man with short brown hair’©]t}. 99 A F v WAL} oA HA JS

¥ U7} 02 oldelwl AR AF marg LR e} viag

WAL BT kAR, F A A AR 9 AAS AR Q
E ‘woman’S UFEREZ 9do) whasl AL Eele] AL o= m

0] &3 ‘Yeon Kyo’ /WEH A= HrA7E & vhAof 70% o] x&
7] wZel] 99 A ‘woman’S ‘Yeon Kyo'Z W3slil ool &2
WS AASAT A AR G AL ‘two men standing in a room’ .
27 Y Jd=s Uedz o vt | AiYE A EEo] oS53 A

2 E|7} ‘Yeon Kyo’ $F ™ O|= 2 ‘two men’= ‘Yeon Kyo and the other’ =
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a small white and black book
the table is wooden

green trees in the background
black pants on man
a wooden table

SRRV R-ER
3. woman with long hair 2. thisisaman 5. alarge window

4

1 .two people standing at a table 4. a white paper with black writing

=%zl Za}

3. woman with long hair 2. this is Ki Woo 5. a large window
4

1 .Ki Woo and the other
standing at a table

4. a white paper with black writing

(1% 4-2] Aot TP LYz A
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7|3 DenseCap 21t

green leaves on the tree
black bag on the back of a chair

a black and white metal bar
the woman is smiling
green leaves on tree

A9l 574 9o U

5. man with short brown hair 2. a woman wearing a white shirt
4. marn) in black shirt 3. woman with long hair

1 .two men standing in a room

X2 21

3. man in black shirt and 2. Yeon Kyo wearing a white shirt
man with short brown hair and Yeon Kyo with long hair

1 .Yeon Kyo and the other standing in a room

[T19 4-3] Al Z A YA A7)
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DenseCap
(N=95)

Dense
Relational
Captionin
(N=8,930

Proposed Framwork
(N=57)

a woman sitting on a couch

the talbe has a white

Ki Jung and Ki Taek sitting at
a table

the floor is made of wood

the pizza on table

Ki Taek in a blue shirt
and Ki Taek holding a glass
of wine

a glass of water on the table

the table in room

Ki Jung sitting on a couch
and Ki Jung holding a glass
and Ki Jung with brown hair

a hand hoding a knife

the woman has a hair

Chung Sook sitting on a
couch

green and white bad

the table in front of a white
wall

the shirt is green

man in a blue shirt

the table has a black hair

a wooden table
and a black and silver table

awoman hoding a glass of
wine

the hand has a black hair

a chair in the background
and a gray chair

the table is wooden

the glass has a white

a bottle of wine
and a black bottle of wine

a chair in the background

the hand on a man

a man holding a glass of
wine

a chair in the room

the light on wall

a plate of food
and a white plate on a table

N

[Z29 4-4] 7]

=

U]@

AAY 22 Ajk ZH A A v

39




)

B!

e}

)

g

=

B

,w.o
i

JvNO

B

dd A gl = G5k

Ay

o

Al

MIEEREE

)5

uL]_o

A2l el
A d= olnA dHolE Al

At #
bl

S

(O} =4
[ 1 S I

==
K

87

E =
—=

T

O

W HOG <3

sl

=1

7} HOG

=
=]

% Haar-Cascade 1.2

2]59 45 (98.80%)7F Haar-Cascade &1 2l5 5 (38.38%) KTl ¥

Fo] EfficientNet-B5 . 2! 2]

S

=1

1 2 5(99.85%)7F ResNet101(91.61%), VGG-16(85.15) K.t} &

o] A
1

A=

|

t

A er 3

bt

bl Abg3

S

EX
2

}11 EfficientNet-B5S =215 A

13

o -
AE

£ 1y

A, AA FF A7

o 4w %4

[ex]
<=

PN
T

A A A o

T
3
=

—

Le]

Ho

To

B
fi%e)

O
o

ol

it

ol

—
file)

o 1 A3, A<k

S

—

ddd=g 37t 7€

v

H 1ol A

B

40



AgstAths HellAl o7t glod, olyst AFE Pste] T4
(annotation) ¥} 2 ©F(abstraction), 7 A (retrieval), 53 (recommendation) & T}
ol opollAl 8= F Uty sk AAIzHdo] HAEook dh= &

Hopoll A 34 o HARkS ettt A A2 ARbE Eol=t
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Abstract

Dense Captioning Framework
Centered on Key Regions for
Automatic Understanding of Video
Content with Story

Jinsoo So
Department of Computer Engineering
The Graduate School

Daejin University

In the field of deep learning, studies on image classification, object
detection, and image captioning have been conducted to visually analyze
images and videos. The dense captioning model, one of the image captioning
models, extracts various regions in the image and generates region-level
captions, but does not provide importance for region captions, so it is
difficult to identify region captions that are relatively important for image
interpretation. In addition, there is a lack of research on film and drama

images, which are story contents.

This study proposes an image captioning framework centered on key



regions for automatic understanding of films, which is one of the story video
contents. The proposed framework is based on the DenseCap model, which
consists of a character recognition module, a key region caption detection
algorithm, and a post-processor. In order to utilize the character information
of the film for caption detection and caption improvement in key regions, a
character face training data set is created using HOG algorithm and
DBSCAN. Based on the learning of the EfficientNet model, a character
recognition module that identifies characters in film scenes was designed and
implemented. In addition, this study proposes a key region caption detection
algorithm that considers four variables that affect the importance of region
captions: 'region box confidence score', region area', 'distance between region
and scene center', and 'object type'. Thereafter, in the post-processor, the
region captions for the same object is integrated into one, and the region
caption is improved in a form suitable for the film. It was confirmed that the
proposed framework effectively identifies important region captions of film
scenes and provides more information with fewer region captions than the

existing dense captioning model.

Keywords : Image Captioning, Dense Captioning, Face Recognition, Video

Content, Film Understanding
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