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SUMMARY and KEYWORDS

Development of wave-induced coastal-disaster —modelling

Research platform with application of 3-D imaging system (long-term

St Purpose objective)

Pilot tests of 3—D imaging system and Al technique for
coastal wave modelling (this year objective)

O Development of wave-induced coastal-disaster modelling platform with

application of an imaging system

O Development of 3-D imaging—based observation system for coastal

disaster reduction

Contents ) ) )
O Development of water depth inversion technique from reconstructed 3D

coastal images

O Development of coastal wave modelling technology with application of

image—based Al

O Target Achievement : Pilot Study Report and RFP for next four years

Results

O Wave observation and forecasting systems using 3-D coastal imaging

system (long-term research achievement)

O Advancing next-generation coastal wave modelling capacity to obtain
global level research and industrial leadership
Expected | O Maximizing use of oceanic data with association of coastal video data
Contribution and Al techniques
O Reducting coastal disasters induced by ocean surface waves by improving

wave prediction system

Coastal disaster Nonlinear coastal waves Stereo image

Keywords

Video intelligence Machine learning Artificial intelligence
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- oWE, QR F A9 AFlAE BENE A BEYS ol Ao
e BEARE Suse AFAs 2a5S A HAsel dulee AuA

o FE SFRSTE Ad, o %N s Aol FAA FHEH oA, A
Ahehel A v 2o S wSste] W Ijte] A SAHES AFsta 9l
o AR FEWNTA(INE) R ANt driEdrade Ao el 727 A

(
Aol taiA  F#ASHINOWPHAS: Nationwide Ocean Wave information
network for Ports and HAbourS)< F53te] AAZ #3535

o AQtollA FEo] Mo g W dutd g Ave dEE FHEY ARE 3 9
ipom, olE Fl AeE Eol E duFEs At AAAS AXNste I
2 gl H(Ahrens and Heimbaugh 1988; de Wall and van der Meer 1992;
Hedges and Reis 1998; Besley 1999; Mori and Cox 2003, %).

o 2000 =9+ 2] CLASH(Crest Level Assessment of Coastal Structure and
Hazard Analysis)E TAO=E 3to] A oE =o] @ Hid digt dFA5 dloly

ol ~7F FEE Qo o]E o] &3le] AMEL HOF ol H duto] g AF
21 S =3 tHEurOtop, 2007).

o M= olbFE Qg JAWIE 5 AMAME Astr] T WSvIes Ndet
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SAY A SR NEATE sl gith
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ot ATE FdsolIth
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1. Zhvlle} A et AA A
7huletE ol&ske] ZGE olvA e 3 AFAHS HFHE ©
= 7P BAAQA #A4 7bd shubo] th(Faugeras, 1993). ol# 3 wAE 3|43V
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Al o] FokllA 7 cdd WY T Stvbe ZHHL 24 WHolth o] W
T 0 olel JhuletE ol &ste] 3A JAE TSk Wit ZHH L 4
= F N BA G olFAlE A dol= AAA Ui, w3 AHE 4
o o= FAY oAk 2EHHS A4 A 7P e A A WA on A of
=% 54 Ade AT F F HA o AoAME T XS s F JA
= Holth olyd HAHL dwrH oz thS(correspondence) ¥HFo =z LAt

(Klette et al, 1998). ®& F 7He] 7hvlebs A4 ¥ 2 WA P rH(Zhang, 2000). 1 &
A& Fotde AL dyEe AE olfste WHoeR 38 5 vt whef
o|H| A7} TG o] FHoR FAHY IuH, 59
AE 7Ieom A F G vy YA es T3 5 Udth(Kanade and
Morris, 1998). atA% #&hs o ® F3ot= AT oA = ad-hoc TS T+
dste] 2" #4S & 7 Uk

B oo iAo = A F(perspective) 72} 2dE o] &3t} o] A& ¢l pinhole 7}
gl A el 2de) 3 FRFol diF e ti(Jahne, 1993). o] ZdS AFEE ujoj
moyrt WA A e AEARE AAGor sl 17 31 AH YL onA=
LA ske] 3akd HAS T oot

r\r
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HEAE X=X, ¥,7] % NG} F oA FEAE 249 olu Ao tg 2
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Zli|=10 f,0,[|0100 7 (3.1)
1 00 1/L0010 1

7|A, £, R £ 27 Hale] Unle} xe] Waoze 24 Zolg owat, o
2 o E CCD HWzt shulet A Mol mapd Fxolch Al WA #AxAE 29 g
7 ##Hol gEd, A4 AA FHEA(world coordinate)dti sl AA HIEAE
X=X, v, Z]7 duz Vel 5 gk o] AEANA 2 E 57 Bk F

7)HEe 3 Aquy JAeE pAH slvletel AA BEA Aol
e Zo gF A B[ WAp, T L ool oa) FolHrk okl 19 3200 7
FAzrel BAG A BA B g re w A s,
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-
ad 32 7her #AxAY =H (X, v,z |3 olvAl #HXEA (5], AA FHEA
(X, Y, 2], &9 HXA[X, Y, 2] 183 IAHATE (g, r0)l e MIE

AA ZHEA N Tt REA RS WMe2 A 25 (g=[R 7]l e FH<]
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AlA Z3A Abole] Wgk f-ort. o] & o] &ske] AA HFEA A oA HEAR
o) W obget ol ek W & k.
il |f: 009 |[1000] p );;
Zli|=1{0 f,0,]{0100 [OT L (3.4)
1 00 1/l0010]"3 1
ol FE& F Y ] s thA ofiel ol xdL F U
Z[ }ZKHOg[)l(,} (35)
o] 71l M = 3x4 FEL FA TGS dEdT 4 G5)= vAl ol A (3.6)3
ol refe] A & AUk

H ~ 7Y (36)
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J=2Lh (3.11)
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(Jg— D)X =b—~J (3.13)
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e sen @ AES Fo| Ar)= Azt we A 2s= wAE, o



ol @ olwxel 84 ghe] Rate] ol AT AAGHT ¥ Aol o
g 5o Aol Asach e dAdA AY HAL Ao Adstelw o

o
o] AYE o] & oF Fvh(Ma et al, 2004). E3] F3HA| el A 32+

S| Ee} 755}

A X9 A AT & F 9 AP Y olnA A4 4B FAss B
% gl Folok @k 19 69 2HAS A2WolA Jo] A% ofulx g EAAch
W, W HE A e 0EF ouA FHdAA so B3 F TG gol EAFA

. ofgl 24 (316)S =dstd oI & Ao s WS fFEg
HAAS 25 2 HdS 2SS+ 9ltH(Benetazzo, 2006). of#l ¥ 348 o yE
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S ol &8st dE&HS e HA9 § & HolE.

X=RX+T (3.16)




fd. =

ZA 27} o]

hyA

(€]

o e v =

i=1]
=

Al
ol

Ea

|

gAsk= 2

A

L=

(¢}

A=, A

EXdI
J o et =

o

o
=
A

qJ

Pz
=

©
o

o

H e o

0

=
|

il

=
=

RE

Right Camera

o
Na=

A\
Y

\

~

‘I_

—

/
/
(<)

s

i

/
o
- .
7 -
¥
’

/

i

N
I

(X= Y. Zq 8

B

dofl wia] o 93

pproximation

Z2A2of of

=

) Al

5]
[e}
7}

o Surface a
O

9/]

:
2

;'f

Lakt Camera/ *

A

'
i ’
’
y
"
‘
P
' s
|
‘:—'—

Ak 74 wA A A7) 7

o 919} 7hule}
3.5 mjzjoj=

]

(29 35).

a|

z

A=

=
a

1

T

R
4l

°o]-&

g 7l

Jo
=

A

o

T

ol A sl
]_

|
7

8

bol, A3 A%

5|

el

e Hol Aol

N
°] 7+

A

3z
=
-
—1____

W
i+

o}
+

)

<0

X

B
)

—~
o

-

el o
P

7

|

P

%

3

_CH

]

135}~

A& Fhetel] 3

=]
RN |

HlelH &

[e)

=

oz oA
o] 4A4HT. 1

[e=]
=

o

LN

} o

A =

1

o]
S -

PN
T

3
=



N
= st ZhHlEr FHEA (el H] HH P g} AW)OHH AA FHE A 2=8(53
B B g wehow 3 HAxE WIkste Wolnt o] A WY AAL
AT A (2007 2}

it FEANA L B HH(aX+bY+cZ+d=0)9 B H2AF
Tk AlA FxAC] 7 el did FE Wi FHORFE AR Axtd
th L vgoR sjdade] wpxut & Ro] Fojxith

O

=2 1 (3.17)
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g2 % ge padel Austa 4its Holglrhs HoRRE AN,

ro= [aa _(1+a2)/b7 _1]T (319)
V@) b)E 1 '
b, 0, ad]”
= (3.20)
npxjuro 2 dld R ofe}l o] ndT 4
™
R=|r, (3.21)
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10 30 # &8 - Dhskance [m]

3.7 2Hf| 2 O|ulX|2RE 2AHd Y Ak AFg9 o

iAo ~Hde WP Fwol »&wmx] Ga RE WA g ¥=
th(Jahne, 1997). 12} 7} et
o] 54 w2 A =i HJAU} 2 gule Azyom uHy 4
S A7 mAA]] F o] whA 5oz By
st gl osf =9 wole FAL 5 vk ol WIS o) s GAR
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t} Bgolle WY AwrE Aopxlt. whebA o] eF= JhrlEke] Al A
olo] Z4&7t FAS4E FY 4 vk ¥ HbH) o] = quantization 22HE F7HA Y]
7%= vt whebA trade-offE Zrolof dhth o] Aol AREH Fhwlel AL 19
387 o] wolot VAR HE&(|T]/)°] °F 010l Fhulete] AlA Afole] 7t
7F °F 0.05 ghrctoltt. ol dwhAQl o] Hu FAReE RlugS W Ao FAle

F



2 A2 gholojA zEHE S Fhdgte] o3t vtk 3xY HU2 AGEA ol F
oAd &+ Aok A e Fo] FHE s AHEE 2HHL s dHe i 31
of QoFxo] gt} 7|4 ResyE g =olth mANEE &23817] 98 |71/ 09
A 2 gke] AFEE AT

# 31 2HE L onAE o] &3 3xd H Al & AFelA ARSd detbdy %

o

Reference | 71/, Size (m><m) Z-Res (mm) M
(mm)
Cote et al. (1960) 0.6 900600 150 600
Dobson (1970) n/a 3.6%3.6 0.75 n/a
Holthuijsen (1983) ~05 (54-220) X (54-220) n/a n/a
Shemdin et al. (1938) 04 25X25 3 85
Banner et al. (1989) 0.3-04 2.0X2.0 1 n/a
Santel et al. (2004) 0.25-1.0 200200 40 40-80

2HHA L AHAAge WA FA+= A3t 2§ (quantization error)7} QAT o]
CCDell olaff A&w= A Fxpst 5l 47 S8 ZmA o] ofs) gt e
Aol A St e F = wAdeA gal Hulgw =49 & vk 2HE FHe A
W=7 2% 383 o] AW vk o7IA ZFE VlEAdd 2

B

o)Al
=g A Atelel F47e(2),

_Id

a5 WS 339 tn B9 aw
=4 A, Zhige] I =(5, CCD #HHe &84 =A7]; CCD A Afo]=x A
), Zhelel Akele] AZ(D), 7hlet Alole] AlokZb(a)ell we} Eekzltt m3 nE &
CCDe F2 ¥QEE 7|Fo=z 7Zhzte] sivg olu|A]o] Q= Aol o]u|x] FHo
G obd 249 wFelA CCDE shte] %02 fARETE Nel 1241 CCDe] 34
et b, Ao A 3= m= -N/2, n= N/291 4 $-o #Ast 755 &
Hdl A At(e )= 7SN ZTH A Zol dellA o83 o] maw )

e Z__sin@9) (3.23)
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o714, g Fhuletel shzhe] Aurelth. X%l Ados

4 sin(28)
0. = Z (3.24)
2N cos(B+a)?
A AR A YH exe vy 2o ndETh
4 sin(283)
e o =— (3.25)
"Y2N os(B)?
o] A2 Fidgr FuA Y A5 FAs=d AFEET
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AA FxAL o= el HRAE AA HARZAZ WEsts IJHAPEAR)IS A
&3 Fhlet Ao e AEFH ALkE

ery ery
ery|=Rlery (3.26)
ery ery,

2HY QL X4 T & 7Med LFE YA 2 F(matching error)e]th. False
negative(*+2h) <} false positive(%%% Aol F 7HA FFo] vk I T A
ol 5 Zo] FHAUT. A B JAFES AdS 200719 oln A7t A=A
A A A 2" ofn A= aHEAT 7Y 2HH L FH = 480<640 A
ghvlel 22 FAEAG AEA TS 1.0mz AREAUR 7EAT BE Aol
Fi Ael(Z4)E 100m ofvt. z+ Fhveke] AJopzhe 43%¢] a1, Fhulet AJof Ale]e] Z}
& 4%tk o] A Z WEFe] Hof st Ak oF 0.06bmelth. Zhzbe] 7hH
oju| A= daxel o] AR AL 10m, IEL 05m)ol FFE o Hax w
Abolyb= Fhdgl 2dle] Fo] 3 & (projection matrix)oll o8] Ztzte] ~dHH L
gt Jo] T, 28l H ou A= AA CCDe A& #aue A o] 7k

—_

2 wolzrh AL wAu GAR s daelEe] HEETh e Rkl
AT P8 A golBrt ~HYL dugEs Eaf AT YolBe vw
= Ak

LV,(Im) = Ey) L (I (i,5)— i (i,j+1))] (3.27)
A71M, In(i,j)e 92 (i,5)9 DA F= grola, E(j)x= olmA FHEA oy

o
a9 392 7P Al tiE eape] Batn} olvZete] gl #4F LV (Im)Atol o] ¥
AS VERIT B4H9 exF BEE 7448 matching @ 2= LV, ghebvl el
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1. 2"Hd e 94 Al~de] FF=9]o] ALk
2H g e FhEke] &85 AT st=dols ded 2ol FAEEH na =] 7t
el Jamrt e A=ES A}8353, 4 FPS ~ 138 FPS9 olnx|o] #HE5<

msecol st Fo] ALY olv A E AS @t

% 32 zHd< 7ide st=dle] 74

T WE&(FY) v 3
- I7 8AH)
PC Mobile PC - 32 GB RAM, 1 TB SSD
_ o];_q]}l_ HP)\(IP65)
12 TC0816-10Mp | - Blackfly 3.2 MP Color GigE PoE (Sony IMX265)
A= - Focal Length : 16 mm
ojm A 57|38} XA - ¥% A2 | - Camera Trigger 15
o|m A Ao ) N e
B - e Azt - 1 msec ©]&} A7t F718} o|u|x] HE
2
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9 312 olu A =34 PC 19 313 o)A Ao] & AZES o]

Blackfly 3.2 MP Color GigE PoE 7}Hg}& A&t dgF& el vz A5
Uk 2o
- Resolution 2048 x 1536
- Frame Rate 35 FPS
- Megapixels 3.2 MP
— Chroma Color
- Sensor Name Sony IMX?265
- Sensor Type CMOS
- Readout Method Global shutter
- Sensor Format 1/1.8"
- Pixel Size 3.45 um
- Lens Mount C-mount
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19 314 N 5713 HA2E (29 10289 Left, Right 7Hl g} & hE A&35lo] B 2E)



(b)

2% 315 (a) 7HMlEtE &

2. vzl iy BA

P
FHOR QA 53] s olviAe Zurel ool

Zhe et #ll=9 ol A
gt olelgk di=s BASy] 9 shdet R RAS s i RS §
& %% Ae (Focal Length), % (Principal Point), ¢ = =(Distortion) #< T3 32
Y 9x 59 34 F A HA 3G (Prepare)d] 4= HFR ALEo] "o ol g i
e AAW o|m A7} AR A o] Ho] FH g FHE A dr
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(a)

Calibration results (with uncertainties):

Focal Lenath: fc = [ 4764.51388 4760.02901 ] O [ 297.30696 295.85383 |

Principal point: co o= [ 98046864 VEB.285V2 ] O [ 13.29503  36.38091 ]

Skew: alpha_c = [ 0.00000 ] O [ 0.00000 | =>angle of pixel axes = 90.00000 O 0.00000 degrees

Distortion: ke = [ 002543 0.43776 -0.00056 -0.00174 0.00000 ) O [ 0.00925 0.13282 0.000V2  0.00063 O.00000 |
Pixel error: err = [ 0.10128  0.08681 |

(b)

Calibration results after optimization (with uncertainties):

Focal Length: fo = [ 4740.07870  4734.08524 | +/- [ 74.86310  74.726595 ]

Principal point: co = [ 941.63359  794.95530 ] +/- [ 1274188 10.74763 ]

Skew: alpha_c = [ 0.00000 | +/- [ 0.00000 ] == angle of pixel axes = 90.00000 +/- 0.00000 degrees

Distortion: ke = [ 0,02977  0.31124  -0.00017  -0.00334 0.00000 | +/- [ 0.00723 0.06234 0.00082 0.00059 0.00000 ]
Pixel error: err = [ 0.08324 0.08620 ]

S99 317 &5 Avleel ARE B4 A9 () 43 Ave, (b) 3 v

Radial Component of the Distortion Model
T T T

500

1000

1500
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Pixel ermor = [0.1013, 0.08681]

Focal Length = (4764 51, 4760.03) +/- [297 .3, 295 9]
Principal Point = (980.466, 768 .286) 4= [13.3, 36.34]
Skew =0 +/- 0
Radial coefficients =(0.02549, 0.4378, 0) +/- [0.00925, 0.1328, 0]
Tangential coefficients = (0. 030557, -0.001742) +/= [0.0007222, 0.0006273]
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A9k @Al= STEREOZ o] @Al A= kAl Al4ke v A& OpenCV gholB
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kel MATCHWHAIO A Alsbe o9 &2t A3 dAAZItH (2l 321). 44 F dense
stereo algorithms  °o]-&ste] 7 Z#el 1+ disparity maps T FTHLH
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A W2 Gaussian of Mixture(7F-A19F &3t=d) Approximate median, Adaptive

background”} %1 t}.

At B mAE ofe o] At BEVEFSL dolHe] BrE mdy

v A 257 (Object Classification)

A E7e AsAl A, TE, Y OE 4ol AAERE E5E 7 Ak 9
23 AAE EFsl7] 993 WH o 2= Shape-based classification, Motion—based
classification, Color based classification and Texture based classification & ©°] %l
Shape-based WH S A Jst: AlLE AlFto] 25 @ AEa, AAE EFst=d 2
oA 714 AEAHS 7R E dug]lS5e Texture, Color = ©]&3F Wyolt}. Shape
ZIRE BEle Al S ekl @ow, Wi A2 @At kst &
A Al we ragk "ol tfsi ARt A go] 7k stk Motions
oA ¢k AAll daiAE FAS T F glvke 9ol Aok AATL s ge Al
w2 ol Ao ALoF £ darglFolt) Texture AHRE o] &3 W2 4

el
of wep ¥AEAQ Aol Hol & f gtk RS XA, e wrh v

=
1o 2 ColorE o] 83 &% W& Gaussian Mixture ModelS ©] 83t Bt} A&
Al AAE EFT 4 Atk Colorol] 23 EFS A sio

o A %4 (Object #4)
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2
ol
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Sl
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fr

ZA7d3saL, kernel
olv} contour S& °l&¥ FH WHRAM= object7t A AFol uEhd vt

detectionst+= FAHS AHA



(1) point 54
oAl FxAA AAE A2 F2 o= AAE S - o8] UeElH, F2
_]

e
F42 9@ w

Qo g e

2]
XJW}X] st 7}X] HEE 93 ndl S AT F36FA (unboundedly) tFd W5
S UE T da, 542 Ao W gk garglsoltt. o]+ &

40
o

KR
=
s wgol RARTE AOE /ASA RZE AREEHA 2E

= Aes Btk

T2 Aol AAE ALtetH Fadst= WAoR aEm ko] Z QoA
ool & ZH7HA embryonic(Z7]9], wjo}o]) Ao A G LERY
A "HAoh AAe & UL HE translation, conformal, affine %2 parametric
motion®] #F2 o2 YehA HH, olgA BdE F dv 2AYEN g 7

QAES Aue Faes Ao AN #4574 ik

Aol 7dk 4 duglEe Fd3 geometric shapel 2 AHolEH = Qe EHE

RS F4 o AMEste WHoE AAe did &3 BHALE fE e ¢
g Foltt o] A ZHJoziY Y= LEAE Bdo] oulE w Zy duict 7Y
J object model®l] ta] ¢n7} <l

d4¥
EE frames Ze AAolgtar & 5 vk AF 7|vke] @A = WA S
Eql BEde] gAor yed ¢ Atk o=

Ao W
Single object 37 oA] A8 3 4= 9131 Hough transform 7|&3 4 +3d=2 &

X

2. 1A A el 22 F4 (motion estimation)
d F thE A<l W o] block matching algorithm
(BMA)Z} optical flow7} 1o, AA| Bz HE=S 98] && /Mde SVMS o] &

3 HOG(Histogram of Oriented Gradients) 7]¥F A A F2 7]&% A7|3kc)
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L}, Optical flowst A4l ojmjx] Z QoA HH7] sjelo] oY A o] s3t=A&
Els

UEtl= X2, Ag94es w450 o9 Holxal ofFst=Ald et Jr F
=o] 7beatth =9 R 2"EA Fol 9% HrWst= glvks 7R skl ojmA A
= o4 oln=
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o] o]F& =AY AA =AY olFH} TAA Hil, =49 olsHEEE
oA dld Aol optical flowsE & F Atk olE A= A
Lucas-Kanade €325, Horn-Schunck €3#]%, Gunnar Farnebacks €ild]
2t} Licas-Kanede ¢id]52 714 o] A&%+= optical flow #H oz utr] &k
A, AAEA, S AR 37HA] 7B S V2R A E] Atk
Lucas-Kanade'd 2 oA 72 ety 11 A& FHoR g E5S AAS
EE d92 9 $4& £ motion vectorgE o= WHOoR 3 el 7t o
d A5 At o3 ZeE el o g9 7 & v e s e W
WO & gsparse optical flowell £3le] 3o o] Fryxe= EAAL
optical flows F4sl7] wjZol AibFe] Aok, 28y F& x99 d=& A&t
7ol AR & 249 HAA FAYUE AieA Kske =
S AFE3}o] optical flowE 7] w9 dense optical flowol] H&] A =7} Fe
Holt}, o]& MAst7] 98] aekdl WH<Ql iterative lucas—kanade method with
pyramide= 98 JGAOZREH G AL g A Jgv=E FASY A
g = AASNA stAT R FASIHA e AL onAE H s
7] W] & A= Zopd

Horn-Schunck ¢atgl& 87 FAE 7H8& ol&std &= Vx, Vy9
smoothness constraints 7Fg3te] | & Aikgoh

Gunnar Farnebacks®™™® -2 1dg 7 ZeQdzte] fAdS &4 thgky] 7)o =
AALslE= dense optical flowe] 3 £H = RE IAES9] zho] 3t optical flow:
Abete e Aser) ok Hr A o2 Jucas-kanade il S E T 2.0 degree W
o E zke=th ey A B EVE wob AlLbAzte]l A e = dael v
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ﬁl%} 3.24 Iterati\;e Lucas-Kanade
method with Pyramids

19 3.25 Gunnar Farneback

t}. SVM< o]-&3 HOG(Histogram of Oriented Gradients) 7]¥F A 3%

ol A1 9] A AZAQ gradient(7]&7] AH)E dNTFFde] EJoz A&t WHO
2, HOG featureE ©]&3}H, SIFT A HZ=7]9F vlulste] X HF A0 EAERHT=
A 5EAS AE3t= Aol EA otk

o&

Ao Al gradientE® F317] Y Awlulaa 2 x Az ZEs) npaa 58
o &ato] MR E Attet=dl e SAC wet 2Nt F2 4 wpaa
7hg Wol Abgetth pgAE] HES Sl 1D ALES AR xyi e 7R A
Axetal  actan$FE o83l orientation(WE) S AL g AT F
quantization 3t} BE 40%= 2 ¥ E 97) bin =& 157] bing A& 3HU)

T3 7 gradient®4-E] orientation map= Y53l ©]E histogramo z AAEA A
Asld HOG feature’7} ¥t S|2EI#2 A 92 wtEojx3 A4 WHe &
%%’494 Al oa] 2Bt o]#HA T HOG features ©]-&3to] AT
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3. 984 71E A8S 53 optical flow 7]WF A F4
7}. Learning optical flow with convolutional neural network
Optical FlowE Deep Learning Al4tet A+2 £ AT, A2 AAYe 2d +x
= A =d, AN L correlation layero] QUth dwkH <l CNN9 Heg= 7FAH
optical flowE Hlwe 27§¢] o|w|A| & HobA, 619 dg& WETHRGB 3x4E ©
% o]

)z X 27K). o] 94¥E& I E convolutional laye
T

— =
il

optical flows =% 3} sk}, Correlation layerE ©

HEe S zt=d), 2709 o|w A= zhzF wkE convolutional layerE< %3 3] & (feature)
Z d=th a8 o] &2 correlation layerS AX == 3 3 thA] convolutional
layer& WHESIEE st 7Rt 5, A7) o AoA A HAHE Z Hud F
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19 3.27 correlation layerE ©]-8 3%k optical flow CNN X9 o} 7] € X

1. Visual Tracking via Adversarial Learning (VITAL)

VITALS Tracking-by-detection W24¢] Egfj7] Rdg A4 F 7% g5 213
sHA He=d, WA BAS TAoR e ntedy was AZgdit o oS g
I dup HAYEAE ddste] gAY A S dolEdstA Ha, g 7k

BR7 (BA-MAE BREE 0-1 BR/DE @tk F, eAn Wge % 2dsl

fr

E7 (discriminative representations)2 #7115 %3] gsla, $

ERAQIAl ol wiARJAE 7S S EdAS WAstA @k oz 2l
2 MDNeto] glom, geid 7wk EZFA FolX= SOTA A& HoljFs 2
t}. stgol Alg% &= positive sampleS2 Al 7bol] whg} W3lelE BFAY] 9 HAHE
aEskA Fetal, AMEEete] StEe ARgske dHlelHE Fds =
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o

“Adversarial Learning”S AF-&3le] 98 W3S w8 d|A positive sample
2ds = T3 oY W] =3stal Aold SA=
A A FEotE RS Ad 2otk

VITALY REdYl F%= ofget Za, o|u|x|o A F=9 target candidate®] feature

8k<55)al, adversarial learning=

Feature Extractor Adversarial Feature Generator Binary Discriminator

Weight
Fully Mask
Connected

Mask generation
from loss

e B R

Connected Training:
Classification los:

Conv

Layers

Prediction:
Binary classificati

13 3.28 Visual Tracking via Adversarial Learning =2 %

S 2=Z317] 98 VGG-M 22l A& 3719 ConvNet layerE A}-43tc}
EQANAM 7 T3 olar T sty BHAle] RFo] Agtel uwhel Wskstal, H)

~E e e el FAA FRE ve & F ok 227 B 94 &
oA et Be] o) Wl m 79 @74 ws 5o fdes gAT & 3
4

H

, 54 ZH oA Yt 5ol ofd A dwkHgl 5AS &
&lof o] FAZ AT 4 vl VITALS adversarial learnings %3] masks
J 54 ZeddolAnt F=8z 5A4o] obd gAY AWl 5AHS AL
€3 dggteE HolaAl ou 7t 9o maskE attention®

E
CVPRY| ¥ ¥ AFE5L channel attentions A 43| z+ /\}%3& AFEo] =2 AT

=

BE oA w8t (weakly supervised learning)S E3F
3l NFWMFRRE o= EA9 WA-wjA-vtxa o
del A E ool FAS FF vge A4 REd GAN(generative adversarial

o
network)?h AAG WeE e AR dE A% A% 5 94 4HS A% B

scene dynamics SH5<



Motion-focused

AT 2AF 2 AHAES T HYd TEs A Egith
(i) s
¢ Convolutional neural network (CNN)®} Long-short term
memory network (LSTM) Z3% E&& o]&3to], HYe G4
PredNet d==S 3 Representation% st&olar o] d=H
(2016) Representation&. 2 58 H|f 2 & XAl s}+= CNN rdg =
e Wz G dojE o]~ (KITTI)OﬂH 10 frame® dt<5/% 7}
golg F=38}o] AFE. 1 frame ©¢ oS 94 A= +=128x160
eH|TIQ o F Ay Y AHE 3PS 98 o5 CNN Y
Multi-scale E A9t Upsampling #olojZ FA %= Multi-scale T+%9F
Network adversarial &5 W )€
(2016) ¢ UCF101 ©loJEfHo]=~E o]&3dto] H7E 8 frame  AHA t
5 8 frame G4 o= A A== 32x32
¢ LSTM % Spatial Transformer NetworkE ©]-&3}o], Ht] 2.9

A gA&ol= A7 (Foreground) EA19] EAS oFste 2d

Predictive A <k
Model e =4 wZ %ol the Label BH glol, w3 7ol gk
(2016) MaskE 7 st 94 4, 10 frame YH S = 10 frame
B A, 64x64 A= AR
. e Random variableZ%-E] &2 o]= EAo] A7, w74, A7 Mask
Generative ) o )
Models with s HE=E AASY, HYeE  FAdstE= Generative
Seene Adversarial Network (GAN)<S A<t
Dynamics ® 64x64 33 %= 32 Frame HH 2 A4
o 1} Pl AAE WstE Zke dAd tE AsstE gFol
2019 Asstis Am we
43 MY Sequence®-H N Frames T84T F Ae
Voxel Flow MapS o|=3t+= Convolutional Encoder—Decoder
Al <t
Deep Voxel e ¥ HY QL Frames¥ WA Frame A}ol2] Voxel Flow Map
Flow (Displacement Map)S  7FAi Frame & 7} BH7F && 97H&
(2017) 33 < Frame Oé A A
ot} E 7ol Hla| HAHE JEdE 5T F ey, 1 Framewt
d4E + Ads
o D M|t} 2 (1080 x 720) 3 =2] Frame o= 71&
Decompositional | ® L3} %= HT 9 F4 S F3] vy 2LE o8] Component=
Disentangled F7F3lal, Component® AlAIE =& 33t Recurrent
Predictive Neural Network (RNN) 7]8F Auto-encoder A|<3F.




Auto-Encoder
(2018)

¢ 10 frame YHO 2 10 frame G o=, 128x128 G4 = AHE-

3
« 3% 9, MNIST 9% vlolejulo] 28 Agatel 37t

+
)
)
to
o
ox

Yol mde erEsiel CCTV 48 P&

We ghEalel CCTV Wt el A gatel wre 44 Hed wd

RS

= A3
¢ 1280 x 720 3=, =9 32 Frame 94+
e WMV, AVI x"
g vt 2 e AT E &3l 256 x 144 g = H 3k
dole] WAl | €32 Frame Y& o2& 94 32 Frame A4 Task &7
e HolE: 256 x 144 x 32 x 3 (RGB)
o =3 Ho]E: 256 x 144 x 32 x 3 (RGB)
o 27 GAN Ed 24 32 Frame ¢S 25F 32 Frameol a3
3l Mask, 174 943 ZE Frameo| 3% #8453+ 1 Frame
o Wi FEs A
e Mask @4 7} Frame A4 A d43 w4 3F v5S 2743}
o, T2 F4ole =4 99 (AA)d =& A2 B
e dle] HITQ 4 A5S H7istry] &, 98 A4S ad=E
A8t Auto-encoder & E@¥ thg 32 Frames A3t
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2l gz
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from—
HHH -
<Generative  Model with Scene Dynamics =&  F+%>
e Mask @42 w4 ol =4 99 vl BIsHA A QAL
Hit] o AA U, A @S 8 Gl Hls Astd Hig e A
A 3} o vte} W3l Tepny FA 5 A FA 0 FEHA Fo
At G QoA AsAH Al T A4 9] EA9 SAUE
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Fast Visual Tracking
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Countries around the world that are using Marine Spatial Planning (from msp.ioc-unesco.org/)

Marine

Establishing Authority IS’F:rﬁE?l!\ .
Programme

UNESCO's “Step-by-step
Approach for Marine
Spatial Planning toward
Ecosystem-based
Management"offers a 10-
step guide on how to get a

Obtaining Financial Support

Organizing the MSP Process

Engaging Stakeholders

marine:spatial plan Analyzing Existing Conditions

started in your region.
Explore the guide by
choosing steps here.

] Actual planning phase

Analyzing Future Conditions

Developing the Plan

Implementing the Plan

Evaluating Performance

Adapting the Process

* have experience?
- for STEP 57, maybe yes,
Jfor STEP 6?, maybe not

29 3.32 UNESCO/IOC? &A% 3 58%
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