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Generating 4D Light Field Considering Luminance Gradient

for Individual Image Projection onto Layered Multi-Screens
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<Summary> In this paper, we propose a novel method to generate the 4D light field, which enables to
project different images onto layered multiple screens with projector array. When the light rays emitted from
the projectors pass through the layered screens, each layer has unique combination of light rays depending
on its relative position to the projectors. As a result, it is possible to display the images individually onto
each screen by projecting appropriate images from the projector array. In this research, by minimizing the
difference between target images and projected images in gradient domain, we are able to display the images

more accurately compared with previous works according to the simulated experiments. Furthermore, to

validate the effectiveness of our research, we also describe some real-world experiments.
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Fig.1 Abstruct of individual image projection onto lay-
ered multi-screens by multi-projector

0000000000o0ooOUoOoooUo (0 1)oboooo
goboboooooooobOoOo0oOoooooooboooboooo
goooooooooooooooooobobooonooon
goooooooooooooboooooboobooooooo
ooo0o0o0oooooooOooOOO0oO0Oooooobo 30000
goboooocooooooooocooooooboobooooo
gbooooooooooooooboooooobooobooooo
ooo

2. 040Q0O

00000000000000000000000000
00000000000000D00000 199000000
0000023 00000000000000000000
0000000000000000000000000000
Steeled Jaynes 005 x400000000000000
000000000000 0Y0000000000000
000000000000000000000000000
0000000000000 5x40000000Wojciech
O Pfister 000000 1600000000000000D0
000000000000000000000000000
00000000D0O0000Y01600000000000
0000000000000 D0D00000D00160000
0000000000000000000000000000
00DD0OD0D 1024 x 76800000 1600000000
O0DAgécs 0000000 DO0ODODOOOODO 6400
XGAOODODOOODOODOOOOOOODOOODODOOOooOo
000000000 450000000000000000
0000000000000000000000000090
Nagano 0O 0110000000000 300000000
0000000000000000000000000070
000000000000 720000000000000
000000000000000000000000000
00000D00000000000D00D0O00O0 Microsoft
Kinect 0000000000000O0O0O0O0OODOOOOO

288

0oo0oooooooo

0 0 O Sawada 0 Kakeya O 0O CIVI:Coarse Integral Vol-
umetric Imaging 0 000000000 300000000
00000000000000D000D0D0 3000000
Oooooooo®ocIvioooooo?00000000
000000000000000000000000000
0000000000000 00000O0D0O0000DOO
0030000000000000000000D00000
06000000000000D00000OOD
0000000000000000000D0000000
00000000000 D0000D0000DOD0O00DDoOO
00000000000 000O0D000DODO0O0O0DoOO
00000000000 000000000D00000nono
0000000D00000000000000000000
00000000D000000D0000O0D0O0000DOO0
0000000000000 D0OOO0OD0ODODODDODOOoDDOD
0000000000000 000D0000000D0DOo
00000000000000000000D0000000
00000000D00D00000000000000000O0
200000000000D00000D0D000ODODOOO0
000000000000000000000000D00
00 TUIOOO0O0D00D0000000D0000000t9:1Mg
Cassineli0000O0D00000O0ODOOOOOOOOD
0000000000000000O0O0OOODoOOoOoOD
000000000 oooooOo0ODoO00oDooDoo
0000000000000000000000000000
00000000000D0000000000000000
00000000 0o00oo0 VSD: Volume Slicing Display
oooYV¥ovsSboooO0OoOoDODO0oo0oOoDoooo
0000000000000 0000D00000ODoDoo
00000000000D0000000000000000
00000000000 D0000D0000D0O00DDOO
000000000000 0000D0000000D0DOO0
003000000000000000000000000
gooooooo

TUIOOOOOOO 3000000000000000
00000000000 DO00D00O0D0D0OO00D0ODOg 20
0000000000000 D0O0OD0OOOODOODOoDDDD
000000000000000000000000000
0020000000000000000000000000
0000000000000 D0000O0DO000DDOO
000000 200000000000000000000
00000000Scarzanella0 0020000000000
000000000000000000 200000000
0000000000000 00D0O0OODOOooooYoon
000000000000 D0000D00000D00DOO
000000000000000000000000000
0oo0o0D00O0O0ooooo



The Journal of the Institute of Image Electronics Engineers of Japan Vol.45 No.3 (2016)

booooooooboooooooooobooooooon

ooooooooooooOoooooooobooop2b000
goooooooooobooooooobooooooooo
gooooooooooboooooooooobooooo
goboooboooooooooboooooooooogoo
gooooocoooooboooocooobooooobooooo
gooooooooooobooooooobobooooooo
gooooooooooooooboooooboboooo
goooobooooooooooooooooooooon
gobooobooooooooo

3. DO0OO0DooO0oOoooooooo

31 400000000000000000O00000
100000000000000000000000000
0000000000000000000000 z2=10
000000 (uw,v)00000P(u,v) 0000000000
00D00000d000000 2=d00000 (du,dv)
000000000000000000000 (0 2)000
00l000o0o0oooooooooooon
000000000000000000300000000
00000000000 0o0o00DDDDo000o0oono
00000 =00000000000000000000
(r,y) 00DOO0DDOO0DOO0O0DO0 z=1000 (u,v)
000000000000040000000 P(x,y,u,v)
ooooo?»¥%ooooo000000ononoooon
000000000000000000 ¢2=d00000
(x+du,y+dv) 0000000000000 O000O00OO
0z=d0O0OO (z+du,y+dv) 000000000000
0000o00oooooooooooooo
000000000000 00000000000000
0000000O0O0o0oo0oo0o0o000000oooooon
0000000 000000D00000000000000
0000000000000 0O0oooooooooonoon
0000000000000 D0D0D000000000000
00000oooo0o0o0oo0o0o0000000000o0o0n
0000O0o0o0O0000000000000000000
0000000000D0Do00o000000000o0oooo
000000 0000000000000000oooon
Jo00O0ooo0o000000000ooOooooooon
0000000000000 000000000o0ooon
0000000000000DD0o0000000o0ooon
0000000000000 00000000000onono
Jo000000O00O0ooDooo0000000oooon
00000000000 O0O00000000ooooon
0gooooooooooo
000KOOODOODOOOODO0OD 400000000
000LO0000000000000000000000
000KODOOOODOOO0O0!0000000000o0o0o

289

Projector P(u,v)

.

z=1

z=d

02 000000OO0O0OOo0ooOoooOoO
Fig.2 Usual projection with a single projector
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Fig.3 4D light field generated by multi-projector

0000000D0000000 (0000000000)0
L(w,h) 0000000000 KOOOOOODOOOOOO
00000000 Py(u,0) 00000 (1)000000

L(w,h)=> > Apg(w, h,u, v) pi(u, v) (1)
w,v ok

0000 pr(u,v) 000 Py(u,v) 0000 A k(w,h,u,v)
O00k000D00O000DO0O00000O0O Pe(u,v) OO
000000O0000DO0 (w,h)0DODOOOODOOOO
goooooobooooood Pk(u,v) o/ooooooo
0000000 (wh) 0000000 Ajk(w,h,u,v) = 10
0000000 Aug(w, hyu,v)=000000000000
Jdo0odoOdDoodbOdboOo 10100000 o0oooono
DDDDDDDDDDDDDDDDDDAl7k(w,h,u,1})|]|:|
gooboooooboobobooooooboooooooo
gooddoboboooooooobooooooooogo
goooobooboooooboobooooobooooooo
|:||:J[lDDDDDDDDDDDAl,k(w,h,u,U)|:||:||:||:||:||:|
godooooboobobobooooooobooooooooo
000000 ~y=100000000000000O0000OO
goodoboboboooooobooooobooooooo
000000000 pk(uw,v)DOOODOOOODOODOOO
gooooboooboooooboodooooobooooon
Oo00d0dooooobooooooobooooooooono
godboooboooobobooobooobooooooo o
OOScarzanella0 000 14)000000000OOOOOO
goddooobooobobbooooobooboooooooo
gdo00o0bDO0oboO0o010b00o0oboooobooooon
D00000000D00000000000 Agg(w,h,u,v)
gbodddddodooooooooooo

O 1)oooh(wh),le1,L)0 pr(u,v),k € [1,K] 0
gooooboooooooooo



The Journal of the Institute of Image Electronics Engineers of Japan Vol.45 No.3 (2016)

n A Aip A1k p1

I, Az Asp Ao P2
ES ) . . . (2)
E : : :

v A1 Aro Ak PK

000 L(w,h)0 100000000 ODOOOO
gobogbooboboobooboboobobboobg
gbooboboboooogoo

I-Ap (3)

32 00U0O0O0OO0O0OOOOOODOOOOOOOOOOO
ooooo

321 0O000O0OOOOOODOO

oo0ooooDOoO0Ooooooooooooooooo I
000000 3)0DoU0ooUoO0pOO0O0OODODO
goooooooooooobooooooooboobooooo
0000000o00ooD0ooooooooo 3)ooooo
oooooo Iooooooono Ap0OoDoOOoooOoooO0
gooooooboobooooooobcooooooobooooo
goooon

p = argmin || — Ap|® (4)
P

00000 (3)00000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
00000000 Scarzanella 000 (4) 0000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
0oo0oOo0o
00000000000000000000000000
0000000000 (49000000000000000
00000000000000

p = argmin ||[T — Ap||®> st. p>0 (5)
p

04(x)0000000000000000000(b)0
000000000000000000000000000
000000000000000000000000000
0000000000004 000000000000000
000000000000000000000000000
000000000000000000000000000
00000 (0000000)00000000000000
000000000000000000000000000
000000000000

290

SALE

.

Y

SALE

ki i
-

(byoooo
04 000000000000 xOOOOOOOOOOO
00 (0000000 1000:00000 2)
Fig.4 Simulated result of text X fruits with non-
negative constraint (top row: screenl, bottom
row: screen2)
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