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kel 3D LF Stacks #ld & Stk dagor o] Fx+=
Tz #Zow, A9 viewpointZ} Y TFF el Uctu & o,
viewpointE 7]+ % Ul 712 3D LF7} viewpointE E##A H ok
o]Z &3] viewpoint® 3= 360% O] light rayS AREEA]

&g viewpointell 9] H& FAdsHA wHh

A

N
i

-

3.2 Stackable 3D LF A|AH"loX 9] AH A& ¥HE

A A T BEAE vtEeRE FAE AQME AAEe] FHE 9
3.33% e AR eyt D 499 viewpointt AA7F FAW
T3be A olsd & vk 429 viewpointZh AAF FE S &
T A 9ol fAekeE A HEY 7 A A glol A fIAelA
#Hog ol AE Y viewpointollA 9 HE AFESHA ®Brl 999
viewpointZ} A& 7} o F3tef wjx ¥ A9 3 viewpointol A 2]
e FAS Sst #o] Feasith ARkE FRoA 19
viewpointZ} AsA|H TI9H 3494 Holx= FAAH MG viewpointE
== Wl 7Be] 3D LE7F stk 99 viewpointe} Z; Wkl
3D LFete] #AIE vt e s v W& #& 74 & o, ofF
Adgrown 3605 WEF FE TAsH doh

e

% 3.4, 999 viewpointE ¢+ Y 719 3D LF

d

33 .__:Ix_s _'-I:-'_ 1..:



HHS o]EdhHA EAlo 360% HE o]gdl roll, yaw, pitche Al

7HA 3 A HES AL o N F 5-DoFE A Yt} yF WeEo 7 9
179 43 ol AYUF A L=t} vFH Wk A Fo £ o]

3.3 Light Field Unit (LFU) ¢} ©+= LFU +%

UM Az FzelA Ao viewpointE EEAE Wl 7l 3D
¥

TEE ARG ©] TERE 3605 HE TA] g%

71 @elel sEEr, & =wollA= light field unit (LFU) 2 7 &gt

ok Ao+ top—bottom? A E LFUE Fstc}. 3FA vt
A 2~ES FASHE oA LFUE AJARS FASE Hax 7=
G EN TS LFUES Zolrte w2lel wel kst File] 2
v F2E ALY F Ak dE =0 29 3.49 A¢ LFUE
A& 3, AR 3 F 9719l LFUZE gAAE el HeE dd€
T2 B £ 9u. LFUE Ht=Al ZAAdEe gz +x7)
AZd=ofoF 3tz 22 ofr}

a9 3.5 (v LFUE 2AAHAEY dHz d4dd Fxold. o]
A9 7t 4 B9l LFU, A= 2 789 LFUZ} wixlgw & 8719
LFUE 494, 29 3.5 (b) & 7" JH=E v+ LFUE 943
T-z=o]t}.

34 -":rx E "";i' 1_-“



(a) (b)

AnkAel AES BxE 79 3.5 (b)) HAH 17 FHY RIS
star Stk dld &3k oA LFUE o ddgo=zx =2
Altel= Fx2E A&ME 4 vk LFUS 948 23 759
Algto]l glom, thekst F3te]l A8 F s AoE drh

3.4 At AAH 7t & Ay A

®omRe] A P2 A4 B4 B9 s adc uA

At = A F Ager BRdAd st 3D LFE 78]

ol
e

il

Light ray &5 gl 28 3.6 A ARl Aofsi= A
et FhetE o]sstHA olnAE 5T EMN light rays E 53t
3D LFE s dvh 199 4% LFUE 3 x 3°.% wjx3t %
Uetdth o] B9 F 4We] JiHet ol AFE VhR, AR R
XAl et

ol
=

=

i

3
o

1o



offl
1)
_0|£
rlr
0%
=
=
o
<
il
td
i
>~
>
ofo
(L
i)
w
(@))
(@)
kit
N9
=
I

olFAor= 5% oluAE Fd IME 3D LFE TS

gt
zZkelolt}t. Dolly An19 7
pzs

@)
T =
Aol Esh= wAZE Aok 1 Ay F5SE ou|xe] Elo]
= ]

2
zUs megel FEHI, FZ FRAMNE AuHoz =24
zegle]l FEHE BAZ Uvh mebd AAHoE #U% Az
% 248t 9o Bas
thE shbt ARfeld M= e 3D LB waksh: delA
= 295 Aot Aiel 3R FPom FHHA
2L dolly UL Al FANE AAE FISA AuA
3 B

s So oo ddom A olgdowm e

36 '}"‘5 ui 1—l| =



viewpointell /] #G® olmXutE AA #FPI ojnx|o= o]z}
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A 4 A 3D LF Connection
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LE7F BEld o2 watsts & HoFrh, I-9A F MY &2 2
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3 light rays 5 3D LFo| 2% &3ttty &
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light rayd=S & 5 SQlth.
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45 g =AVE oy g EARYEH dYes HS
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E2 ZAE light rays af
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2
mh

(Xp =W,04 =0y, pp =0) (4.1)
(Xg =0,65 =6, 05 =0) (4.2)

olg} o] o]xd F 3D LF7} sdstAl F53ste light rays
shared light®2 23ttt 18 4.19] shared light A9 g wxpd-S
T3+ EE light raye B 3DLFA®F 3DLEFRY shared light#zha
sk = QY (4.3)= 19 4.19) viewpoint Y#9 HA$ EE shared

lightE vebdict. & 3D LFQ shared light¥ 3DLFa9} 3DLFgp7}

BHe light ray = BTEOZ HAsE AL ousy mgo=m
zdshgleh

3DLF, N3DLFg = {(Xa,Op, @a|Xp = W, 0 = 6o |
:{(XB’QB’¢B|XB =0,6 291} (4.3)

(4.3)+= 3DLFaol £3F light ray = (xa=w, 6r=609 HFE
A= BE a2 7FA = light raye 3DLFBel 43 light ray =

(xp=0, Op=071) WFE 7IX= EE ¢ps 7K+ EE light ray 9
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S FdEstth A (4.3)9 HEE 499 viewpoint
A wet debd =

4.2 Physical Connection in LFU

MG

Al A|QFSE physical connection WS LFU %o & g3a) &),
a3 4.2 (AT T LFU W9 999 viewpointZ} F3lA S+
AbskS wWolsErh 7z WeEo 2 front, right, back, left ko] HE 2]
3D LF7} &A%t} Physical connectione ©]%3F 3D LFE ¢4
WA oA Adsk= WHelth. 283l LFUCA & 5 kol 74749
3D LFE & 9oz o3 7 7§ 3D LF9} wais 7HA i vk =,
el 3D LFE F 719 o123 3D LFst F 719 wads &hsha
ATkl & 5 gl

HA e viewpointZb FEAE Ul JHe] wabE o] #AE
delstAl dok " 4.2 (@l A2 HAAES 99 viewpoint}
o wAkRls AAske= Aotk Y AHo=m Aoy WHevE
Fzre] 3D LFeld #&5 FAsA €. 29 4.2 e 999
viewpoint®} front W&o 3D LFee] #AE HE=Z AHE 18 olu
Front %3k 3D LF9 & + HAS& T8k light rays= 13 4.2
(a) ol Aot wxdS E33ét= light rayo]th. 1831 viewpoint2}

3
S
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light®2 4% pixel columne °Jv|stt}t, webi] 5 pixel columns

oM AE AAE=oEN F 3D LFZ o] &3 st }9

3D LF (front)

x;,.f;:“\;iewpoint
left right

viewpoint
back P 3D LF (front)

(a) (b)

Generated view Generated view
(front) (right)
(c)

13 4 .2. LFU 74| Aq physical connections ©]&3 3D LF <4,
(a) LFU F-xoA 9199 viewpoint$} ZF wxd < &4, (b)
shke] 3D LE9F viewpoint$he] #+A] (c) ]38t F 3D LF=

T/ 79 shared lightell all3% = pixel column® 7|

43 TR T

L



4.3 Non—physical Connection

Az o2 F 3D LFE d4dst=E F |

=
ol
%
flo

light ray?]

constant radiance of ray? EAS o]&3= HWHHolt}. Constant
radiance of ray?] 54 oA ¥ w} Ql=dl, Ael=ol fls A

T3S TSk light rays @ light ray7F S3sts A=29 BE

deA g5o] 7hsatths 545 guledin. F WA Wil = o)™
light ray® EA4S wgoz ANz ©E F 3D LF7l Egzo=

wapskA] et light ray® 3712 & U Wk AASkL, ol
o] g%t 3D LF 974 wWets AAgt 7 ¥4 WS EgFo=
wapskA] k= AE ol&3lA 3D LFE d4dst7] wiEel ©]st non—
physical connection®. 2 % 2] 3tt},

79 4.32 F 9 3D LEZF wix® ggoltk. g8 oA T )9
3D LF= oA 1% 4.19 physical connection® %9

=yAdd wxge A ek AN wdE I dE =A A
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o
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(@ =0)
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T light rayi= 3DLFa®} 3DLFgpelA (4.4), (4.5)9
representations 7}Zt} Physical connectionoA] 2k & v}l 7+o]
AZ2 98 F 3D LFAYA AZ ©E representations 7FA AW F
light ray 9% light rayell sid¥ ™, shared light®% * 3D LF
Ade] AHg-EH

(XA:XO'HA:901¢A:0) (4.4)
(XB =Xu,0g =0, g 20) (4.5)

Non—physical connection® A% MZ tt& 5 3D LFE F#A43 =
2140 HAE= AHEo| wel physical connectionel HlE © @&
shared lightE I3tk 19 4.3004 3oz JAE HIE
F3tehe light ray= F 3D LFE 2% 33tk &9 light rays
(4.6) ¥} o] A

u

3DLF, N3DLF,
= {(XA’QA’(”A‘XAO S Xp S Xp1,0p0 SOp < 9A1}

= {(XB’QB’goB‘XBO < Xg < Xg1,00 < 0 < 01| (4.6)

Physical connection®|A “g2]ét shared light®} 232 non-—
physical connection® Z-¢ ¥ Fo] ofd Hee] HPE|E shared
lightE A ¥}

Non—physical connection 7|§F¢] 3D LF ¢4 physical
connection®] #H]dl vl W2 <k shared light® 7|¥to=Z theFst
1AM 3D LFE ddd 5 Slvk= ZFel .
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4.4 Non-—physical Connection in LFU

LFU TF%°l4] non—physical connections ©]€3 3D LF <4
WS A gl o). 31X % non—physical connectiong ©]gaA M=
U 3D LFE dds7] fleid= M2 v& 3D LFE F4dsks A4do]
M2 HAA light rays 5371 918 7271 D est

a9 44 (@ 7124 MY B LFUCdA 999
viewpoint7} A& IHoltd, AFE F ok LFUYA & viewpoint®
&l ojw gt light ray= AZ T 3D LF7L FAldl E53 & gl
Wzt 7Fs3ktk. 21 A3 non—physical connectiong ©]-£3}7]
iz 2H 4.4 (b) gk Zo] e A E Eefe LFUZE 2.3
#Act. 29 4.4 (a)olA constant radiance of ray9 EAo®
Aoz watekA g Aol FHE + AW light rayE 19
4.4 (9 FE LFU T2 = /2 5+ A f9o 19 4.4

M)eX = & Axol H24 AA spdxz 24" vl A9 light

S 7M. ghdE FOVZY 2 2SS 3 Zder 2
light ray® 53 4 9= whde)] 7hvg} FOVZE && A9 I=3F
9l light rayye 3 2457 & light ray® AsEct 18 4.5

48 AME 39 LFUCIA  light rayeh & Zole #AE
RoFErh, 192 LFU § front, right, left W&<¢ 3D LF F&¢
gojet adolty. adeA W S8E A ke A S 7529 LFUCA
AzE el g wWol AolE urhin. AWE S4E ALY T x9
LFUIA &4+ 3D LFe dol& mdtt. 999 3 POolA
Uo = A2 A s wAE light rays front W3 3D LFS}
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3D LFE EF S¥sl7] witol shared light= 2] Ht}.

46 A ‘._, ‘_]l



3D LF (front)

’ A ‘,“' ’
®

left| . ewpeln‘t right

back

(a)

|-
3D LF (front) .-

“
left Mo right
back -
I
(b)

1% 4 .4. Non—physical connectionS ©]|€3% 3D LF ¢4, (a)
/\}ﬂbﬂ :,11 (b) ﬂzha] /\}ﬂa‘é Tz

H

v light ray

. .
* )
[ ]
front 3D LF viewpoint
left right

I8 4.5, 39 Abzhe moko] LFUA 3 Zdolo a7

47
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Oool sFE=dl, vk 18 4.59 3D LFE A7 g8 Ahed
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45 4yt FHEE AMESt= 3D LF 74 3949
3D LF Connection

ojoj A ekAl Aekdt F 7}x] 3D LF 14 ®W¥S kst 3D LF
T4 B Agdna AEe AFd Weks AT 2 Ao
Ank FdlEts AMgElA 3D LFE FAse @43 360 JhHEE
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O 4.7 LFU W9 tvokst viewpoint 9 X9l 2 front
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Or 12.5° 7F Aok 2% 4.7 (A2 viewpointol A= front 32
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o] ¥l physical connections ©]&3 { FAAE viewpointd]
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Non—physical connectiong ©|&3t= WHS AHEth Non—
physical connection® 7% physical connection® ©& LFU W9
019]9] viewpointel] A ¢lo] Wl 7Re] 3D LFel &AF 90° W& B
T4 ®HeE g9edn. wEbA shared lighte] % A e
+45° 2 3AHY. 29 482 ¥ 4.7 (0% (d)2 viewpointd
A9 2 -$ non—physical connection WH el A3s]Z shared
lighte RoFEoh, 18 4.7 (@2 (b)E viewpoint X1 -5
TUeHAl £45° o QA EE 7HA = light rayE shared light®
dogrt. 19 4.8 (@9 AF ¥4 viewpoint= (30, —40)9
9 %]t} Non—physical connectiong ©]83F ¢ oJd3] +45° 9
JAF Z+=E 7IAE= light rayS shared light® A3l ol &3
Azt BeFe] LFUE &3l 7heskth. 19l shared light”}
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Aol xk @2 A 4.11), (4.12) 9}

O

w
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4.6 360% FHH|EHE AFE3HE 3D LF A 73949
3D LF Connection

Axt JheletE AREske 43 9] 360% ZhHlEks full FOVE
Agsty 360% WF RE light rays 5T 5 Q) wahx] At
7heletE Abgehes SAFClA =7HulEt Al g5k S light ray®
Q13 physical connection® ARg-o] Astd Z3 <] 360% 7=
ALE-3k= o= physical connection ¥ ¥} non—physical
connection WHES EF AMEE £ ity AT F37, F£HI
PAFZE7E  light raye] B¢ 3D LF9 Agz A4 o=
ForatA Ao olWl MMM 3, 2 YA EZE 2 light rayE
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A ZHE YAFsk= light raye 3D LFO A A2 A= tE xo
Mz g2 F7 QA 45E 7 QJakeA Ak 1% 4,108 ¢33
UAF Z=7F 2 light rayE o€ 3D LFS # F4olA I
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BFel= AgeA FLs light rayE ¥ sk, mismatching o2l
Aot ¥ 4.11% ¢4 AE3F mismatching o277t 23} FAS-=
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4.6.2 Hybrid 3D LF Connection

360% ZHeletE Abgste @ds 918l AEA Aljlksk= 3D LF
A4 ®H2Ae hybrid 3D LF connection ©|t}f. Hybrid 3D LF
connectione <¢kA] A3 non—physical connection®} physical
connection & % 3tUE AES|A AFEsk= WA o] ofYer LFU 49
1919  viewpointe] ¢ A o
physical connectiong A8 o7 AL&3}7] 93 Whyolr)

LFUS  Z2AXo]  viewpointZ} 9Hd+=  A$  physical
connections ©|&3l4 3D LFE <43t ViewpointZ’} LFU9
ZhEdel f1Ag Ag-, viewpoint®t ZF wA Il AdE FaA
A= shared light®] % A A% diAZ #Zoh webA

banding @ Fol =A = 4 FFoz §49 5 Uik Ed

w}2}A4  non—physical connection¥}

physical connection< &% wAHES F33F= shared lightE
AFE-317] wjio mismatching olg] 7} A3 HASERA] =

ViewpointZ} ol&3stal LFU We 7pdAtg|E o]F el uwet
viewpointe} H 7He] wAEE Sl A T K & %8+ shared
light7} &ASHE 4¢3l shared lights +£K° o 3 A A45E
7}A]+=  light rayE shared light® non—physical connections
o] g3 A AAsttt ARESE light raygE K olulz AT A
banding errorgs 94 FTo=Z AAIZA 4 Ik EESE 7hbsSH
=2 4Rl WA oA WA S A HeA F 3D LFE dddlsoEMN
mismatching 2] GA] &=F= a37F ok

a9 4.12¢ 9oe viewpointel g FE FAATA SloA
hybrid 3D LF connection ®2lo] &= oE HolFrh IHA
viewpointy HlwA oz oto g o]E3t AHo|t). 3T viewpoint}
front *3Fe] 3D LF9} left W&e] 3D LFe] wAd& § 338k shared
lighte] 3 YA 5= 0002 o]= K Hu} 2t} o] A-$ 609
YA 2= 7HA+= light rayE IOl & shared light® AR&-$tet,
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1% 4.12. Hybrid 3D LF connection?] ¢

U viewpoint®} front W&l 3D LF9} right Wake] 3D LFY
wAEE FHEE shared lighte] 44 A Z4EE 0.2 ol:
+K* Bup Au o] A9 009 SIAF ARE 7HA= light ray thAl
w2kl A o7 TAE K° o A ZHEE 71A = light rayS shared
lightZ ARE3tc}h | light rays front W32 3D LF$} right Wake]
3D LF8 uwatils FdstA= AT 49 x5 3 4o

A e gl TRE 5 5

4 Qtt. ¥ 3D LF+ non—physical

—

connections ARg|A  AAstth. Hybrid 3D LF  connections
93l -1+ banding °l#] ¢} mismatching NHE HAs| =oF7] 3t
HA K° dAAo] FQ3tth. 2 =FelAe o AYS vEgew
K & 4

WA (4.13)+ banding °#] ¢} mismatching o8] & B ¥E33F=

total o21E Aol st}

Ex(K.d)  En(K.d)
Ei(K.d)= max(Eb)Jr max (E,, )

(4.13)
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2 (4.13)914 Epet Ens 224 banding ©l2]9 mismatching
el s ofstH, Epot En K, dell e} ®ghth di= 3D LF& 4387
8 olmAE FYFst= HH light ray’t HoE EA 99 A
oustry, 2] (4.13)9 AA| o#]i= banding °l# 2 mismatching
oglel goem AHouw, o wf, F Y= Hd I VIEo=w
darste groltth

2l (4.14) = 917 K, doll W3t mismatching & E g2 st}

90°

En(K.d)=Y Ylea(K, j.d)-pp(K, jd) 414

X,z j=—90°

Mismatching &+ A= ©& F 3D LF7} W= skt H4
ghelofl A ZAstth (4.14) o4 x& z& Fo]A viewpointl] A=
oulgtt. 9. (K, j, D ¢,(K, j, d+ light ray’} Hes =A49
Ao et AR longitude, latitude, 2831 A#7F 242t K, j, dY o,
g EAZYE Yot light ray7t A2 thE F 3D LFel YJAkshH=
Aol e #2 i ZIeE onjsit o] wf ME & F 3D LF+
sydox waetA &= el Y™, non—physical connections

 ddx= AL oulstl, Hybrid 3D LF connection®l 4] non—

of

¢

physical connection @7 K* 9 AF Z4=E 7HA+= light rays
AREETE wheb KT oo A EARHE S light ray’b olelE
dosts 7Iwol dH e.K, §, D K, i, DY AeIE
mismatching °l2]7} A ST} Mismatching o8 A 4l T =
BAgE7] wiell 907 ~ —90° 9 longitudeel] X EE EAE
Oge® ogfs BF Hith K' o A" A A=el digt o=
Aot et 999 viewpointol Wl shared light7} §338k= F 3D
LF Aol 97 &ekzlch webA viewpointell wE o] FgE B
3sle] FEA © % mismatching olHE sty
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npx 2o 7 (4.15)& banding o8] E A2t}

ke 90°

Eb(k>=§_zg:gwn(i,j,d)—m(i,j,dx (4.15)
i1=0 j=—90°

2 (4154 e.G, §, D& eu(, j, D& light ray7b W4e+=
A9 YA st FH longitude, latitude, 283 A&7} 242 i, j,
N EAZHE Yo light ray7F $U3 3D LFS FA A9
e F Ao QAbshE A IAF ARE uEt o F AelA
2 Jal o] zolrt AapFR ow AolA Hu, £ YA ZLr)
90° o 7I7k) el wet banding ol#l®E ZEjdth wheba ALEShs
light ray® K° & A& 49 K° 7kx19] o2l &o] WA banding
ogloll E3FE W, 90° ~ —90° 2 longitude°] A3 RE EA=S
oz s EF gilgo®EZM banding olelE ettt o

A
11
=
)

banding ¥+ viewpoint®] dependent 3FA] 7] W&ol viewpoint
A= E3E A k=T

I% 4132 Ko dell | clelE ZdZE A Ko 45°
~ 90" 9] w®lflel disiA AuEd. do A AdAJI Ad @
ou7b flew, LFUS =7] di®¥] ®l&=2 AYsit. I1d 4.13
T EAM LFUs AR BeF 715 o w9 dolrk N #he zteva
7bg ek agar o] W d g2 1.2N ~ 25NoR spgeth =, g
He] Aol il 1.2 #e Al A7 fAs= BF, 2.5 #
Aol =A7E A8 s aesks Aotk WA " 4.13
()= (4.13) ~ (41504 3 Et, Eb, Em® #AE wwd
a#Ezel, x5 K, Z2eal o] w od g 1.5Nejvh. ' 4.13
(@elx = = 9ol Eme K7} F7kshel weh H4stth o= K7b
AAe] webA non—physical connectionS ZEaA dAdxE= F 3D
LFe] 3 Atele] Aej7t 7h7k] #7] wiizoltt,
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A 5 & View generation in 3D LF Stack
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128131 Viewpoint B+ 3DLFg Hol A3ttt o] A-$ viewpoint
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% 5.2.3DLF FA AFEE = A4 %9} light ray
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(x,6,0)x =x%,~90 <6 <90,-180 < <180)  (5.1)
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YAbetRar, 3DLEaollE Xa 4o xeoll 009 7% A A==
JAbeA Tt 7 A9 BF FF HgozE 00 9 YA 4EE et

a9 5.3 e (23 (@F GolA nigh 1o, 3DLFgelA
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LFE ¥#37] dgel 2 #2438 wae BAS 448 & AUL
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128 AWZ 204 viewpoint ©]E°] WE A column
J 5.12 (@), 29 5.12 (b), 29 5.12 (¢), 19
5.12 (& 47 diEoMe] 24 column W3, &Y 3D LFE AFE-3

H FA oA constant depths &3 H HYS EdslA e Ay}

@2 3D LFE AFE3SH H FAolA] constant depths & ste] H

BAS A, g8z o, FHZ wix¥® F 3D LFQ epipolar geometry
)=

HAE et FE AT AE WRe AdE BHoFErh AlE 19
Aol FdstA Aol olmxeA b 9% FHA column
18 A= e, B 8% FJ4
BT}

1% 5.12 (b)9 A$ viewpointZ} °]F3stal AFESE= 3D LE7}
v o] w2 Hol FZA43% Wi AV Fre Ay E=A]e viewpoint
ojF ol W Fo 2 WFForo Wsyt vk HA X3 dyE gl

Nt

viewpointZ}  Poell  $

<

column< viewpointZ} Pioll ¢x3t A=

5.12 (0)% A% constant depthE B} O Z viewpoint
ol gl WmE T4 WFoRS F{ WIrt F WwdE AS AT F
RARE 3D LE7F vk =109 {9 548 W3k wAe
Holgles FgQld 4 Qon, I8 5,12 (d)9 epipolar geometry
wAE sk AE W el AielA = viewpoint olFel wWE {E
2 Wkl wWslel g&o 3D LFE $¥ete oY HY

rir
2
[
ol

A|QFSt epipolar geometry #AE 1HI H FAA WHS AHZ
AxE Fa vttt o] wlwslr] YA A (5.2) ¢ ol X

9] A differenceE AFE3HC}

diff (p) = mse( frame(p), frame(p —1)) (5.2)
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(5.2) A frame(p)= A viewpointellA F+AE K, frame(p—
D= ol& viewpointelA 7€ FE ovdth. =z o] A
difference= 74" F H AolE mseE  AAtst 9199
viewpoint ©]%Fe°l] wg} H7F AAAHA =
W3}t glo] AAAYA v Fom ogd 5 v

rir

A$ mse I =

500
400
300
200
100

200

150
100

[H

a9 5.13. 9499 viewpoint ©o]E°] W& =z w9 difference

[¢)
=1 T
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1% 5.13& 299 viewpointZ} ©]&3Tte] mE T o FA
difference® Wlwd z#Zoltt, 1y 5.13 (a)= @Y 3D LFE
AFESE 7 A olA constant depthE st F BHAS ¥3elA 42
Aoy, a9 5.13 (e @Y 3D LFE AR H 74 CA
constant depthE 183te] HE B A Aufolz, 18 5

=olA AQkst epipolar geometry #AE st HE A

Ayte] 2y d w9 differenceo]th. I T YFoA QEZHOT
o]t uwle} viewpointt 1¥ 5.109 Pod fXeld P9 9=
o] st AsE ov| it

w29 5.13 (@), 2% 5.13 (b)9 I ZeoA F HeA
g9l w9 difference’t IAA F7FstE AEE gald £ 9l
o] viewpointZ} °lFstHA F A ARESk= 3D LEF7F wbHl=
FRow 5T F dvh dE e a" 511 (b)), I¥ 5.11
¢ 2¥¢¥ 5.12 M), ¥ 5.12 (@A J4A  columno]

FAAAHA dde FEo &ddEd. o, ZEd odg g4
difference? x5 X constant depthE AFgalAd HE BA3

a3 5.13 (09 a#EIF 1/2 2 Fuh ol AR A
constant depth® &3l HE Al 7MEs BAS dFo=ZM 3D
LE7} wiA = &3 8k 3D LFE A% AAlek A fArsk Hof
2ol F38 F9k7] wiEolt.

¥ 5.13 (09 a#dzZE =g @9 I4 differences 19
5.13 (a), I1¥ 5.13 (b)Y 2=} da A ZHd & o
difference’} Z7}sls BB 9= AL Fgogd £ u. =,
viewpoint7} ol&grel wet Fr7F 243 Wk FE glo]l AAAHA
v ok S F¢1d 4= Q). Epipolar geometry #AS o] &3 H

n
94 difference= °F 50 FJEo] #to= FH¢

i

-
oX,
K-
>
(&l
=
ks
v
o
_IX:,

Epipolar geometry @WAE o] &3t F FASH A3 g8 oA

gt 4 9= ¥ o2 AHE 3D LF7 §AHE FkeA Zy

89 i’—'! -I‘F,- T II



Gele] HJA difference’t &5 1HEZE YERE 54 ddES
Kol olty. ¥ 5.13 (09 Za#=elA F A i 5%
JYEE glE = Q. a2 HE 1/3 AP viewpoint7t 1H
5.10°14 3DLFa®} 3DLFg Atelell $1Aek= -9, 7kl 1/3 A3
3DLFpét 3DLFc Atolel  SlAIeh= A%, whA® 1/3 AfeA=
3DLFc9} 3DLFp Alole] 9|8t Ao sigect. zh2he] 18 e A

S E Ao =ZeEql &9 H4A difference’t thA A3, 7kl A

e
SN

S t}4 Al o] epipolar geometry TAES st HE
T8k Wl viewpoint®] 91| wet ¢ Fe 3D LF ARE
7N X5 adste] @skAl e, viewpoint’b 5 3D LE Zh-de
zZ9o] dolgE Hytdow 1d¢3d7] wEol viewpoint
olFof wWE H W3yt 3% ¢k Wkbd, viewpoint’} F 3D LF &
stutel] 7S sld 3D LFQ HlsS wol x3stA Ha, o]
e F Wsrh v AAA "o skARE o] HEol [ Wk
AREAES] el FEEAA] ¢hol, AAAY R 7 WHItE AU

AT,

do
P
ol

Ir
o
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A6 F AT A" 7™

= AHrEAl olEshr] 9%k AR
LF 7]ke] A A'lS AlAskgith 719 se] 3D LF %= 4D LFE
T/st ol E viEo®E [E FA St WAl ofyEt b2 3D LFE
2hdl 2 WA sk 3D LF stack®] 3ol gk o] 3D LF stackd
TEE 74 WFe F WFgor wAAT = WA oR FE A
o, o] AAEE fsiM= 7 A sl E A7 "ol e, &
= oA physical connection®} non—physical connection “L2]il
hybrid connection WH-S AAIst] AM=Z ©E 3D LFE Adse=
wAe s WekE AAE o™, epipolar geometry ¥WAE THA=
light ray ME® #AE wfg o2 3D LF stack 7+%& % F 74
W A A AT
6golM= A A Foweks Xt AA AlA"Y TG
THE A A" D29 viewpointollAd FAE FE AyEoza E
o

=
= ASE A" AdE AuEd. T 7 7P dHe wHeR
73

el SetoltE ALgR AA® T4, e shbi 360% Zhvlete
dolly uE AHEE A2E TAoth 7 Axamel Ty AR

6.1 At Fhet + SeolUE ol gF T4

T =l Aljkeks AR Beke] Fxe vid A A"E A
&l ARk Fhuetel EefolyE o] gttt Ant Fhvlgt= Gorpo Hero
Nd Jhelel [44]1E5 AREstH, ZhelEl &2boly A= ek K3
Zhelel &goly [45]15 ARgstth Fwwk K3 &gholds £ 1mY
AdE 49 5 AUtk
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3DLF, 3DLF; 3DLF.

DR e P A
3DLFx
A
< hd 'y 3DLF,
3DLF: A
v | 3DLF,
DIFy |
v
DLy |
v I e

3DLF; 3DLFg; 3DLFgo

a9 6.1 Ak el SEteld S o] 1A

a9 6.1% Ak heieel EetoltE o] &3 FA Al SleiA
T/4e 3D LF9 Fx&5 uetdrh J2"elM #& A2 42 3D LFE
vebdich F ol NS e Al JE 9] 3D LEZE lew, zhzbe] 3D
LFE Fdsks Aol We Etoltrl 24d F e Agow s
95ecm= gtk &gtelre]  AYY Ime  olFol  ThsskAut
Zefoltle] Aakd Fhdet =7t FAA 5 e AL
At Fhvebs & WFoR IAbekE light raywh 58 4 3l
whebA oF WY light ray7b 2% F g A9 7 2k light ray 85
HgE& AYery. oF Eo 3DLFmol dlg= A3 3DLFs:el

AFHE AR BAR A4 ol AASAW LeloltE B F A

3DLF129} 3DLFri< Y3t AAS FF3lH light rays E 5384
ok Ak FdEtE ARESHE A 94 3D LF 9FE HyefA

>,
&
o
=
o
N

N
o,
i)
o
(i,
>
>
)
ot
-
BN
1o
.
Sy
c
i

0]-€-3+ non—physical

connectiono] B7ld e, ol2 9d BFE A7 LFUS AT 5



= 722 T4t 1 A% 19 6.19 T4 TRoE £ 99
s4el A7 weRel LFUZF A7tk aelm g welel ojsiA
g2 Adst], 999 viewpointol tEF +F Wk
W2 pAEAl Bk W, Au sbelgke] 1 wbgre ROV

o

D)
Jo
il
Mo
>
i)
E

M AAE T A4 wEow FAR ARs A¥ETY 19

6.2 A i ds] Aot AAES FAET 999

viewpointo| A1 2] {5 FAS Aot I 6.2 (a)+ T Gl
T4E ek 999 viewpoint 9AE HERHY. I¥ 6.2 (b=
2199 viewpointZ} Aell YA A +A4E FE YERAY. 19 6.2

(©), 2% 6.2 (@), 28 6.2 ()= ZtZ} 929 viewpoint”’} B, C,
Dol $1x3t A9 A" FE5 e
a8 6.2 (b)) ~ I¥ 6.2 (@9 Y HE i £

30
o
o
o
o,
IR
K
i)
.
o
(@)}
N)

a) 9 left, front, right, back %W3k9]
e vttt ¥ 6.2 e 2" 6.2 (0F vlustd 4o
viewpointi= A4 BZ o] HS FATd 4 itk o]i= front
Wako R olFs Ao sdEH, 198 6.2 (b)o front WaEFel el

vl 13 6.2 (09 front WEe FolA EAZ 7MY AE A=

gldr & Sty U A ®EEe] FeolA % sl viewpoint ©]Fol wE
H WH3E glg 4 Qi)
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Left . Right

(d)

(e)

1% 6.2, 999 viewpointell A9 { FA A (T4 A), () ¥Y
viewpoint ¢ %], (b) Viewpoint A, (¢) Viewpoint B, (d)
Viewpoint C, (e) Viewpoint D
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g9 6.2 (v 128 6.2 (oe°l Hl§ viewpointZ} BellA C=
ol Eatom ol left Wakel 7HEAl ol& g Zojm, 17 6.2 ()«
a9 6.2 (o)l Hl& viewpoint’} DZE ©]5dO0ZFMH right WOz
olFatdtt. 19 6.2 (0), 1" 6.2 (d), 18 6.2 (9 A=
A RA, front W oA A HolER} oA Alo]9 parallax”7h
AAAHA widEHE e G 5 v Al A ZH#] right

HFsEo] Hox= 718 6.2 (d), 218 6.2 (0), 18 6.2 (e) =A%

ATh =, L viewpointe] o]Fol w
HEE I Aee rE

H 6.3 & Bel dEiA AlAEE SS9
viewpointel] A4 9] & T A3E RoFEr I8 6.3 (@& 999
viewpoint?] 9IA& BoEH. 1¥ 6.3 (b), 1" 6.3 (¢), 14 6.3
(d, 138 6.3 (e)x= ZZ viewpointZ} A, B, C, DY Ao Q=
B 7Y FE RoEd 4749 #e od e R OAEE,
7H %HE left, front, right, back W& H& yepdth 19 6.3
(b), 18 6.3 (o), 1% 6.3 (D A= 499 viewpoint7} A
iAo BE AA CE olgsts Hde Holer. =, viewpointZh
back WaFelAl front WEFOoRE HAFOoR o]lFsth. FAEH FelA
front W&o HE HW viewpoint7} FolA oz o]Fge uz}
A7 A Wibe 7 oA T
EAE A dFoA LEFSR o]wstal, left WS FoA A=

QZHofM fdF%or olFsts e AT ¢ A 1 6.3 ()9

i
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Front

*D | *C

Left o Right

o A

Back

(a)

(b)

(e)

1% 6.3, 999 viewpointel A { A4 Ay (FA B), (a) 999
viewpoint ¢ %], (b) Viewpoint A, (¢) Viewpoint B, (d)
Viewpoint C, (e) Viewpoint D
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Front

Left cl B Right

r

M &

T 8

(e)

1% 6.4, 99 viewpointell A F 74 A (F4& O), () 49
viewpoint ¢ %], (b) Viewpoint A, (¢) Viewpoint B, (d)
Viewpoint C, (e) Viewpoint D
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a9 6.4 A Col sk A" 74 E 199 viewpointel
g 7 74 Addelth 19 6.4 (A ¥ viewpointd $AE
HojFEoh 1% 6.4 (b), 19 6.4 (o), 1¥ 6.4 (d), 19 6.4 ()&
Z}2} viewpointZb A, B, C, Dol 91A3& o] #+A4¥ FE HoE
A e ARl v AR ZF B vl U] §E A E 9leH,

left, front, right back W3] Hol sid¥ct 198 6.4 (b) 19 6.4
(c)= Z+7ZF viewpointZ} A, Boell $9X3t ZH-$-o]9, viewpoint Ac°lA]
viewpoint BE left WS 7|02 o207 o]Edte] uz} left

WFO He Mol A%OE ot e FAT F glov],
= =)
T

npgko] Aol ZR7E A a1, right WEFe] o] Hox= F

gldr = k. I1¥ 6.4 (e)v view pointZ7} Dell x4
6.4 (2 viewpointZ7} Ceol gt A9} Hlwste] back

WEFo w2 o]st Aot

Al RS o E AARE FAStL 999 viewpointe] 9]¢

b F 7A A3%E T 49 viewpointe] WH3te] wE [ WL

=
AA2A HIHE RS FAT & Yok FFE ALY woe] LFU

T -

::‘,

2o A non—physical connection 7]¥F2] 3D LF 14

o
of
:(l)l‘_',

W HE B2 Qo] BE B AL A
*E



AZd=E 4 Qo sets 7Y #AFeM H7F i AAAHA
AR Eah= EA7E A7 EA7E AAdeh o= N e F
e ddgd AodAA FHr7F eWsl] @ F Q%S shared light=

< blendings F3A JHdEE WS A&t O3 6.5&
blendings Z&3&7] A, 39 3D LF d4& % H= 743 d9=
vt I3 6.5 (a)+ blendings ¥335H# ¥= H A Ay
a9 6.5 (b)E blendingg ¥83 H A A9E S e
6.5 (@elA F oluA7} AA = FEoa] FEleh FAM] et

o] A% ek MAE WPl wek N wF e Holvh

(a) (b)

19 6.5. Blendingg ¥ &3= 3DLF 948 E8) 52 JAAHA
A4, (a) blending W% A, (b) WY F
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6.2.3 At 7+Z9 ¥ +Z 3DLFY 74 F vHln

At FhejEkel EetoltlE EElA A A¥E A Fx9 3D
LFE Abgst Axel wwstth, o Fx° 3D LFe @Y +xE
wtg o2 RE st wepx AAg ke §E st 5
ME o8 3D LFE 44| w& 7o dd A7 A3 2

[t
o

I8 6.6 93 viewpointel i3] € F%¢ 3D LFE
ol gallA g% Fef Aetsls WHOR A% RE vlasch a8x
g H= 2A8x FHrp NE2 vwdd. F oA 7 37 ARES
AFE-3lH, b7 PSNR, SSIM [46], FSIM [47]°]t}. PSNRS =4
S92 olu A& Hlwet} SSIME olnA e P2 FAMI S Blw sk,

FSIM2 oJu] x| o4 AAFSE phased congruency$} gradient magnitude

ARE vust. Al 7FA] H7F AxRE BT reference ©|R|AE
AHEETE @ %9 3D LFE 78] flall g 56k olvlA1e] 99
LFU =z A= 98 5t olmAe QA7 v=1, g
TZoNA D29 viewpointE 7Fedh wL AR Feivta sHets

AgstA &L viewpointE TAsHE AL ofElwo] Qdrk ESE
o] FxoA 7Pt 29 viewpointel tiElA FESHA TL
g 53 R AEe EAelth. vhsd fAkS
viewpointel gt §& 7|+o®2 F 739 A& vluwsith
6.1 2% 6.6 370 AE olu|Xo] thaiA 7 Fxo] AT
gk PSNR, SSIM, FSIM= #7kstth. Al 74 Ax= 55 ghol
275 reference ©|W]A8} fFARS gw|gitt. PSNR AdsE WA
Hlwstd Al 74 AE oln Aol By o Fx5 7HEE 3D LFY
PSNRe] ¥ & #& @eld 4 9ivh 9 +x2 3D LF Ax7 o A4
ofw Ao} FAFS ougtt}. shAwk 0.5dB ~ 1.0dB J =9 Aol= 2
zholE HolA| = okth SSIM A¥ F=3h  Fxe] 3D LFeA ¢

kA

7 3 11 3
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Circular 3D LF LFU

Sample 1

Sample 2

fK

¥ 6.1. 9 %2 3DLF$ LFUZ o] galiA A H 34 vl

PSNR (dB) SSIM FSIM
Circular
19.30 0.812 0.727
3D LF
Sample 1
LFU 18.42 0.785 0.727
Circular
20.77 0.807 0.777
3D LF
Sample 2
LFU 20.24 0.792 0.778
Circular
17.82 0.692 0.787
3D LF
Sample 3
LFU 17.35 0.664 0.762
’ e 1
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FSIMSl A A= lelMe 5 7 & 74 @del sA7t

Fdgen, AL 29 A o Fx° 3D LEZF AE 39 A

6.2.4 Physical connection®} Non—physical connection
284 ¥vu

a9 4.9 9 AARE Sl Lk JhHEE AREske g olA
FOVe Agsto = <3| physical connection®] ARgo] Aty = A&

datgltk. FOVZE Algtd A9 28T 4 Sl viewpointe] W=
AP e grxe] Thedl Fanel sldEnh =2 180k°] FOVE =52

% Qlth¥ physical connectione ©]&3 H FAo] 7lsdlA N, Al
Fhdlgtell Al 180% FOVE Adsts A ddFo=r offrt. iAW
non—physical connections ©]&3t= WHS FHE L5k

LFUE AREStH= AR S arefsfof stuh, weps AdAow ARg-he
dolg & dn] xdE 4 Q= viewpoint?] HHE Hluwgd ZHQv}
Atk olE w98 ARgske dHolH vl xdd 5 Sl

viewpoint2] HYE (6.1) 3 #o] C/LE A2t}

Cc _ (coverage) - (area)
L (length)
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21 (6.1)°lA coveragew HAl WS &, 29T 4 Sl viewpoint
A9 Bl&S dudtth area® 7HYstE TER7F AWStE WA HAE
ojusta, lengthv ald Tx& A7 98l o 3D LFE
T AAY HolEs 9wt Iy 6.7 C/LE wlusr] 98
7P AbE meke] LFUSE g AMAE Reke LFUE v st
AZEE BeFe] LFUS & wio] Zol= Woltt. e AME Rk

LEUNA W79 A mpxizkA = g We] Zdolg W= 7Y st

HFH= dolg 44 W= 7HEEu. old" 7HEd %9 areash

o
10

ko

o
ol
=

% 6.7.C/L vE & 7FA% LFU +%

=kl , F3E AFE LFU XA+ = 12WY
Aoz} A3t} w=3| (area)/(length) & %38 L3k doly
gyl 2¥{E ¢ Q= F3He WHAE vwstd FE ALY xR

Dt
=
N
N,
ol
2

9F°] LFU®|A] physical connections ©]&3HA HE=
TS WS FOVel wel ®dst 4+ 9+ viewpointd WHE7F
A FTARE AgtET ¥ 6.3:% physical connection¥ non-—
physical connections ©]&3t= ®W2lolA FOVe| W& coveraget

C/L #k= Wttt
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X 6.2. 7F43 LFU G-%9 area, length 8]

area length area/length
A2+ LFU W? 4W W/4
g3 AMEE LFU w? 12W W/12

Ay

¥ 6.3. Physical connection®} non—physical connection® FOVel
w2 C/L Wl

FOV coverage C/L
90° 0.00 0.00W
120° 0.11 0.03W
Physical
connection 150° 0.42 0.11W
180° 1.00 0.25W
Non—physical 90° 2.00 0.16W
connection

AFZ+E weke]l LFUelA  physical connectiong ol&3d HE
TA e WAl FOVel Wt coverage”t BRIt WA 90° ¢ FOVE

2]
ek A AR A b & AHelMwt 8 WEoR 360%

[e]

Wkl R E HE A% 5 9t} xEE £ e HS (1/WHE ¢
2}, FOV7ZF 120° , 150° & =718k wlg} coverage:= 0.11, 0.42%

Z7VekAl = a1, 180° 7F ¥ coverage: 1.000] o] AFE -9
P& viewpointellA el FE FAAE & A #Hrh o] mE C/L
0.03W, 0.11W, 0.25Wo|t}. 0.25W7F Hul C/L o|t}t. whd 3=

T o
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AbZEE ®oko] LFU°lA non—physical connectione ©]&3l+= HHES
A 90° W] HYE ety "z Jhde FOVE #H4A 90° 1
WEshd H e, wEls 900 FOVel thafA vk At} Non—physical

connections ©]€3t F$ coverager 2.0090d], ol FHFE A4
TZA AAZ xdT 5 e WeeE I" 6.89 I WL
FETt o= AFAE R FP] ARl FxHe 2dje] sEE = Helolth
AFA ©F non—physical connection #2212 C/LS 0.16W7} Ht}. o]

2 physical connection ¥W2loA 150° 2] FOVE w3sle= 499

C/L #xv At}

0.30w
0.25w

0.15w

0.10w

1 3 5 7 9 11 13 15
N

I% 6.9 .NxN A7 x5 742 o C/Le W3t 1=
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Ast vlE&S =7/t ] wEelth. ¥ 4.604 AEe ZAAH
2 wEgS tge LFUZE dd® FxelA A & Sl
9= LFUZF N x N o= v 7] ddH+= 49 C/Le ®3t=
Ve = 13olt)

Nol 1< A9 C/L& 0.16Weltt. No| F7pgte] we} C/Lo]
A ow  Frkstd, 4" 3D LFZ 3 REgo] HxpHo=w
A o Nol Frhghel weEl C/L2 FxHe® 0.25Wel
AR oz FHEsA =, No| #4835 AA w C/L& 0.25W7F Hrt.

S
©

6.3 360% 742} + dollyE o]&3t 74

A AvetE A B4 £Y PFOE 360 B WE
FA% & vk AR sbdiekel £2 dFe FOV ARCR s

2o ¢E3 360% ol AE

©

equi—rectangular 360% ©]u]X
TASHA Fets HAZE Stk olE sl o WA A S A=
360% ZhHletE ARSI kdE 360% olwA] TS ETS
360% oA E FAE S EZM roll, yaw, pitch®] Al 7}#] 3d WIS
5 AYE 5 Qv 4= A8 Sl ARESE 360% Fhd| ek
Gopro Fusion [48]©]t}.
g obA ARRSE Fhelel SEtolt = ARl Aol o8 o]sd F
W W7 ImE AgtAo|qiet, webA F wiA A el = Bt
W WSE dde® LF AAade FAs] 9@ dolly AHlE
AR o el 2419 dolly plus [49] 5 ARE3H)

olgAor & Ao Actsle TERe= HET AAdE o
7he|etE o] EA7IHA P olmX2 3D LFE °
T8l 9%k HlolHE FHleke ol EF Edth 18lal §1o]f

viewpointZ} A3|A|™W s dHolHE ®IECeR FHE FASHA
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SHAINE AAl A A"lE FEskeE Aol Fedt dAe Aol
destth A 7 7 S 2EEinh shus 3D LEE 48]
R Fdd olmA A=Y Adelnh. &feld Awle A Wl
@S AdE dder Aud Aol Jhsshrl el JhHEre]

wA0lE £EE $EEE AAE 4 vk sHANE dolly A= W

1
["U
il
2
2
>,
o
=)
N
i
all
iy
o
rlr
P
o
(03
S
T
)

Aol A st 7
A 2 HelMds 9 x4 owxg F
ol 3l dolly FulE E3l #FYE v
F=ohe Aol Fast
T ooE AA-Y Hge AR wapgeA omAE HAsh=
Bgoltt. Ax F2E wel 3D LFE AT 49 9 egfow
olFstdA BRI 3D LFS 9], oz o]FstdA w3 3D LE7}
Atk wAFFo| s F 3D LFo| BF &3k o|w|A| 7t EAeHA ¥+,
BHoRE T ooluxe &H3s] FYsor shrh. sAw AAZ bzt

Zzfold, dolly Aule] ¥ Fhdlete] alignment 5 EAZ 13
T oolu A= g AS ZEeA dAEH gtk ol olF |
TAe ol F 3D LFE dAst= FAHOA HuF AAAHA

AAEA g FAE o7t} o]5 A mxpFolH F olnx 9]

2ol E Hd = F UEF 360% o|n|AE I HA|7|HEA] H A=

6.10= watgelA F Wao=z o]FslaA
2]

oW, AAYE Tl BAs] A,

olmz]l KHA A F omAE HAEFS 1HOolT}
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olmj x| 9] ofgfo]l AT H2AM EA|= dolly FH|7F FIE HEo|,
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a9 6.10 (e 360% oJulx] FgHozw F ojuxr} z
AR EE B3 Aotk 238 6.10 (a)o] Hls] ghost7} Wol
Abdeh, FATE BHAS A T oouAE F &5

AA 7171 AE9v, IH 6.10 ()M BHE Z3 o] AX3HA]|

6.4 360% Z}H|E} + dollyZ o] &3t 7+% A
6.4.1 Hybrid 3D LF Connection Result

360k owAE AR gl ME e 3D LFE 443
93t MEL Wero® hybrid 3D LF connectione AA3Fdt}
olflell= 360% ©lmAE ARGsh= @Al HAZ hybrid 3D LF
connection®] A7} o]l AAlHE F W, physical connection¥}
non—physical connection¥} H]W3d}o] AAZ 53 5 Holi= A
H] 1 gk,

g9 6.119F 1% 6.12F non—physical connection, physical
connection, 283 hybrid 3D LF connections ©]&3|A +A43 HE
o FEe 3D LFE S A fek vadt. o f8e 3D LF+=
stve] 3D LF x5 A FE TASH] wZel F JHIMe M=z
thE 3D LFE 44 #Ao] FoshA &tk weps Ad HAgolA
olgi7b glom, e ol X FAsttta & 4 Qlvh W, 9 T EE
AMHE G x9k WE9 light acquisition TS EFd F5HoH,

Astalr] FAe AL e Ao ool Yol TAE Hel o]}

WA 78 6.119 MEZ 19 g H 4 AdxE vuwdch 19
6.11 (A= AE 19 A4 3D LFE FAst=d AMgd Al
oju]x] o]t}

s
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(2) (h)

a9 6.11. ¥ / vlw (BE 1) (a) Source °olv]A, (b) € TX,
(c) Non—physical connection (w/o blending), (d) Non—physical
connection (w/ blending), (e) Physical connection (w/o
blending), (f) Physical connection (w/ blending), (g) Hybrid
connection (w/o blending), (d) Hybrid connection (w/ blending)

=, 3D LFe HA 9 oo el dA=z 2" olvA
e 19 6.11 (b= & 7x9 3D LF2 74€ F& RolErh
zkzte]l e 53 visual artifact §lo] 7AE As 1T F U

e 1 2 ﬁ]—
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4 TxelM A" e AA ZF9E A% 2o 1" 6.11 (%
I3 6.11 (d)E non—physical connectione o] &34 FAEH H=
Yebdy, 729 6.11 (c)= blendings X3%38x] 4o Ay 19
6.11 (d)+ blending= ¥t d3E YelATh Blending ©|U|A| &
st duElFolA AT AFEEE oz 2 A7 A 7 3D
LFE A4d% w shared light® A3z waEwt HE5 dsts 2ol
oftel FriAow WI9E Fdete] on HEHe FES e T
o] = weighted <2 %3l blendings & -£3tt},

g9 6.11 (©)9 blendings X>3%3l# ¢+ non—physical
connection<> mismatching®] Z43tA Sy AS AT 5 Ut
o]9} Z+o] mismatching®] +43t A M = 18 6.11 (DA H+=
ukel o] blendings XFstHeE A4 Fato] AAAHA HEHZA
St

a9 6.11 (e)® 29 6.11 ()= physical connections
ol gaA TAE HE UEY, PIVHAIE blendings EFSHA %
o] Aael xIeteE A HE HAgFEH " 6.11 (e)9
physical connection A¥% wz7EAE F 3D LF7F dAAEHE
oA FaAdAee AdE @1 F Qv f4F HA Fo
Ao FEeA ojAe 3t Adrp wAeA Zeldh ol 19
6.11 (Dol v =wetAl =2dtt Blendings 913l F7F ®91E
FatdA 8 dAF AX7 o 2 light rayZb AMEE I, 2 A
banding °l2]7} ol YA ©t}. Blending #4olA+= banding &4}o]

A4 2o g AN, TdE "donA ol He e #4dd ¢
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a% 6.11 (@ 2% 6.11 (W hybrid 3D LF connections
Tl FAE A¥E HoIFrh Non—physical connection®] H]3] 3D
LE7} dd¥= Afe] i 2E8Ho® o]Fsklil, physical
connection®l] Bl = X QX ETh E A elA 3D LFE
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6.11 (209 Ao E 28 6.11 (¢) mismatching o217} =of
mx okom, 78 6.11 (e)9 banding o8] T3 YER}A] e A
g1 = Qlrh. sHAIRE wAlEAl F 3D LFE] ddo] FAAADE
geldt = gtk 2% 6.11 (h) 9] blendings X33 A oA
A AFE FEo] ta JiAEE AS T F e, O

A1 @9 28 6.11 (b)) source olm|#g ¢
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I 612 o2 AEC e e /e e Aol
a" 6.12 @9 a" 6.12 (bE Z4 3D LFE 743387 918l
AHEE source olwm]Agt %9 3D LFE SIA FAEE #E
, 9A A T ERE VMR A8 Fe 988 Ake A9E
UetdS golsk = itk a3 6.12 (o), 19 6.12 (d)9 non-—
physical connectiong AFESH Ayox= F o|u[A|7} AAH =
oA mismatching o217} <215 11, blendings 233t Aol A=
T 3D LF7F 24+ Fiol Wgst BAVE FREHAAE AN
FARALYA ddEE A Uk 2" 6.12 (e), I1H 6.12
()¢ physical connection & 7|Hto 2 FA® Ai}o|A & banding
olgi7b gldtt. I 6.12 (e)olld 24 & Fito] Iofx= ZAH
T4% A& #Fdg 4 QY Blendings X318t Ao npxriA 2
banding el¥7} s Helfls A& AT 5 vk wATow
a9 6.12 (@09 2% 6.12 (h) <] hybrid 3D LF connections 48
Ao A= ol %= mismatching ol ¢t banding °llg] glo] F7}
AARHA 789 e AT 5 AUk

O™ 6.113% 7% 6.129 AFelA 360% olv]AE o]&3 3D
LF 342 98 AMEA #¢tE hybrid 3D LF connection® ZAy=
visually H]3}3it}. Hybrid 3D LF connection< mismatching ©fl & £}
banding °lelE& HHaA ZoF7] AT WHORE visual H oA
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(2) (h)

a9 6.12. 7Y F vl (ABF 2) (a) Source °olv]A, (b) ¥ TF,
(¢) Non—physical connection (w/o blending), (d) Non—physical
connection (w/ blending), (e) Physical connection (w/o
blending), (f) Physical connection (w/ blending), (g) Hybrid
connection (w/o blending), (d) Hybrid connection (w/ blending)
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o]oJA hybrid 3D LF connection® AsS 24874 Xxs
Abga A Blwdtth B QoA 3D LF A9 oy E H71ehr] gel
connection °2]E (6.2) 3 o] A 2]gtr}.

1 N
Econnect :W ste(pl(X’ Z), pZ(X’ Z))
(x2) (6.2)

(6.2) 1M x, zi= 49 viewpoint®] IAE 2v|eth pi(x, 2)&
A9 viewpointold sy 3D LFE Fad 7AY HE Yy,
po(x, 2 °o]%3 T g2 9 3D LFE 58 A9 HE vehdioh
o7 F Fre T4 WY ®HE vt kAl blendingel thE
A3} zko] shared light Btk 2 W9l dajr FE FAToZAH
o]%-¢ F 3D LFelA 4% 75 ey HES &gl
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(6.2)9 pl(x, 2), p2(x, z)= °olxX% A2 v F 3D LFA
789 #F T eHY @ d9e gridn. Connection ol#i& ©] F
o HAS mean square error (mse)E T3 AoHAT}E. o] o
viewpoint®] fIAoll whe} Bl thito] = {o defo] upH| 7] ufiol
LFU W9 X & viewpointolA el B+ #S #F connection error®

Aolgeh. 19 6.13% W7k AR wass B7h o AZeld.

¥ 6.4. K ¥3}le] ©E Hybrid 3D LF connection® connection error

=1
Sample No.
K
1 2 3 4 5 6

70 650.1 | 411.0 | 276.7 | 1251.8 | 638.4 | 506.7

72 646.0 | 389.1 | 266.1 | 1261.0 | 625.4 | 503.7

74 637.9 | 379.0 | 263.4 | 1260.0 | 612.9 | 494.1

76 630.1 | 377.8 | 267.8 | 1256.8 | 604.9 | 486.7

78 621.5 | 397.2 | 262.5 | 1251.8 | 600.0 | 490.0

80 609.8 | 410.3 | 261.3 | 1245.5 | 594.1 | 4894

82 601.5 | 424.7 | 264.1 | 1255.5 | 592.6 | 495.6

84 602.1 | 4404 | 268.3 | 1278.5 | 600.2 | 516.8

86 621.8 | 477.9 | 285.7 | 1301.8 | 620.2 | 541.8
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¥ 6.42 Hybrid 3D LF connection®. 2 A%
wst Aol

errors K2 wW3le] uwzl B

AE 2, BE 69

, s Aol AdHiEew TR
4 767 9] K gho]l A"Eglow, o=

2] connection
Ao Ke 700 ~
AMZo A #HAC connection
] CAE 19 AR
6702 AEolA

QOM;]_ /\H—L

K7} 2d e s gl
ths Zlo® 34e

e 24 = w3 fA7F Bedor dolva AE 5 glth

o Ko| 4] 2 o]t

AelE Kojl

physical connection 7|%+e] #

A AT
= Hybrid 3D LF connection<

)3+ connection error®t non—physical

o] &gt oA HAHOow

connection,

TA 9] connection errorS B w3t}

X 6.5. ZF 3DLF 994 W9 Connection error H] 1l

No. NonPhysical Physical Hybrid
1 812.6 621.8 601.5
2 968.0 479.6 377.8
3 543.2 286.6 261.3
4 1447.0 1303.5 1245.5
5 1664.9 620.6 592.6
6 1252.9 542.0 486.7
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connection °#|7} b A& ZlS &g = A
ol %+ ZA¥Y= physical connection®] connection errors
AHEHE ¥ 6.4°9 K7} 86° 91 A% Hybrid 3D LF connection
connection error® FAFSITH=  AHeolth o= K7F A el whehA]
Hybrid 3D LFo|A physical connectione AFE3l= H|Zo| 7]
uFol, AAA o7 K7F 90° 9 A9 Hybrid 3D LF connection
physical connection® F3tctty s 4 o}, Hgl2 K7F 45° <
749-9] Hybrid 3D LF connection® non—physical connection¥}
sdotttn & ¢ vk A wWflelA 457 wE AL Ke XEFHEA
doroy K7 45° o 7Mpdel wel 3 6.59 non—physical
connection®] A9} 7MY RE Alolet Azt 4 St
X 6.5°04 HHFA S ZE non—physical connection® connection
error’} At} ©]+ non—physical connection® = <l%t mismatching
ofgl= olmnA] Axtel AXA mse #= AA =<IoH¥, banding ol +=
£90° o 7M7h light ray7b AREE:= o|m]Ae] AFoA LA
wow Azdd & vt 1 A #2 KE AR Hybrid 3D LF
connection ©lJ4+ mismatching ©l#]®Z <I3 connection error?
45O % physical connection BT} connection error’} AA|= 757}

BE 1 BE 4014 dehdh

6.42 TAST X D A29 viewpointd] W& B A A=

I 6.142 360% ZHHEkse} dolly AH|E AMEElA FHAdSE LFU
TZ25 yedg, Az Wdgow 28m, 72 WIFOE 3me I
e s LFU 7x& TSI AHAE B LFUE 7|+o =
W& 50cmel sgE Tt webA Az WEFo R 56719 LFUZF %ol

<
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67121 LEUZF & Sl F-xolth. 19 6.14°] +x2&
Qe WAL F 84m? Gt

360% olu|X]& 7|Rke 2 3}7] wl& non—physical connection
)4l hybrid 3D LF connectiong AFE3iAd H5 FAst AA3st)
Hybrid 3D LFelA AMg-ah= K= 75° 2 AghE FoAvk 23k ¢l
viewpointell et F&5 T 3lojA 3D LF stack 7+x25 8%
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Il viewpoint
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Aust 3D g S fiE7Int stopd s wite] dhsiA AR
AR W gko]l Thsetth mEbA x, vy, z F= et 98 olss AL roll,
yvaw, pitch®] Al 714 3 HIS BF T O ZH 6-DoFE AL
T Utk 3D EE" E uE dHlS HEHo® 749" 77F photo—
realistic 3F#] k= Aol

Al AARE o4 AR columna LF 7]Hke] AlAEle] sjigte
Al HA columns FTVelth. FTVE 2D HHS 7Hgska slild
et light rays ¥R o= FE A8t oekst AAE $F
ARgstH, FHo 100the] vt FhdebE ol &34 2D HWE F st
light rays 53t vz 7hdetsE ARESiA sAlel o)A
at7] wiol Hiv e FEjel "ol FH5o] Zhssit FTVEY Fx2+
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oAl WA column® A WHA columne ¥ =59 Ao

Alz~doj oAl WAl columne URE FhHlEE AREste] A g
Alzg), oAl WA column 360%  ZHERE ARESHAM AR
Alzdolty, = A BEF LFU 2 o5 238 AME xoih

UE ol 7} #olgoza 24T 5 e HHE AFs4 94

S Slth tee] LEU7E 9d® vae Adnow A PHst A,
AAE weh @ o) AueE olsadA dolHE HASes frh ¥

X

= | 2~¥le =2 ko]l FOV Aoz 23|
pitch®] 3)d WIS A YA HE3}, roll, yawWt A ¥3}+= 4-DoF
Al2aEel sFE Tt 360% FhdletE ARESta 7 WEke] AA FOVel
gk light rays AHEOZA pitchE F7Ho® Adsks 5-

Atsl= A28 AFHOo7F 6-DoF Rt} 3 w7 W DoFE
Ay, yFogel AF WIS sy YslME TS AxE
Adataat sk yF wE gotol shedl, ole AAEE] Hgan]e
Hg ZF7bolth oF 80m®el| sldat: W2 e AFEA olFd &
A= A AEoA yEFO AYS @ EHE HlE iH] Aol s
oAl A gellr] Al g,
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2Rl Al Fx2E AsAE F A sd #AVE Sk sk
o]%% 3D LF te] ddola, ¥ vg sthib= LFUE ols el SlolA
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Abstract

A Stackable 3D Light Field
System for Free Viewpoint Virtual
Reality

Hyunmin Jung
Electrical and Computer Engineering

The Graduate School

Seoul National University

Conventional captured—image—based virtual reality (VR)
systems only support rotational view direction changes, roll, yaw,
and pitch. It is 3—degree—of—freedom (3—DoF). DoF represents
the user’ s movements, and the highest DoF is 6, which includes
three rotational view direction changes, roll, yaw, and pitch, as well
as three translational viewpoint movements along the x, y, and z
axes. The limited DoF of the conventional captured—image—based
VR lowers user’ s sense of reality.

Light field (LF), which can generate a view at a free viewpoint
through a combination of light rays, is a suitable approach to
support the freedom to change viewpoints. LF assumes a planar or
spherical surface, and generates a view by combing light rays
passing through the surface. In particular, the spherical LF system
creates a 360—degree view through light rays incident from 360—
degree direction. In the spherical LF, a viewpoint freely moves
along the x, y, and z axes inside the sphere and changes view

direction, and thus 6—DoF is supported. However, it is difficult to
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acquire light rays for LF assuming a planar or spherical surface. In
the case of spherical LF, a special equipment for rotating multiple
cameras arranged in an arch shape is used to acquire light rays
along a spherical surface. In order to cover a larger space, it is
necessary to assume a larger plane or spherical surface. The larger
the surface, the more difficult the light ray acquisition is.

3D LF consists of light rays acquired along the line, unlike
conventional LF that assumes surfaces. A line instead of a plane and
a circular structure instead of a spherical surface are used to
construct 3D LF. It is easy to acquire light rays, which is acquired
by moving the camera mounted on a camera slider and a dolly along
the line. However, 3D LF cannot acquire vertical parallax because it
obtains light rays at only one vertical point, and it causes distortion
of the generated views. Assuming a larger structure does not
significantly increase the difficulty of acquisition, but it increases
the distortion of 3D LF view generation.

This paper aims to develop a free viewpoint VR system for
large space based on 3D LF. In contrast to extending the structure
in the existing method, it assumes a 3D LF Stack in which multiple
3D LFs are stacked in front and back. The proposed system is
simple to obtain light rays and limits the distortion to a certain
range. In addition, two 3D LF Stacks are arranged orthogonally to
generate a 360—degree view at a free viewpoint. There are two
challenges for the proposed system. First is the need to connect
independent 3D LFs. The existing LF—based approach creates a
view using a single LF, while the proposed system generates a view
using four 3D LFs. This paper proposes two 3D LF connection
methods and introduces appropriate usage methods according to
various implementation environments.
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Another is that 3D LF Stack still contains distortion, and the
error is particularly noticeable as the viewpoint moves and the 3D
LF that generates a view changes. This paper proposes a view
generation method using a light ray set with epipolar geometry

relationship in 3D LF stack.

Keywords : Light Field, Virtual Reality, Free viewpoint, View
navigation, View exploration
Student Number : 2016—30216
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