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Hierarchical Subdivision of Light Distribution Model for Realistic
Shadow Generation in Augmented Reality

Tksu Kim®”, Changkyoung Eem”, and Hyunki Hongb)*

9 [e]

ZARANN FW @49 23 IS FAs] AA2HE TP G AN S ek T 2E9] A4 g glol FU @
AL SAsE elE 29 B R, AP A48 J1shEE, BRe WA Sol BRa 3D BAE olgshe s1Ee Zuw
E 34 PYe 29 0% A2HA E(goodesic dome) O RUASL wAo] )% TR o|FAE BHBT, Lelh Aol 474
9 FU IYA W o§s] M) A 239 RIS JHAP F4A 2 & ek B ERAINE BN FA 879
B9 ARE AYP) FA5) A 23 F0S AFHOE UK Pulel AHHTh ALY WHS TATAE o) (gradient ray)
£ olge 28 194 993 TR T4 W 29 48 FH 99 Watio) whek AW FS AZHOE Bk

Abstract

By estimating environment light distribution, we can generate realistic shadow images in AR(augmented reality). When we
estimate light distribution without sensing equipment, environment light model, geometry of virtual object, and surface reflection
property are needed. Previous study using 3D marker builds surrounding light environment with a geodesic dome model and
analyzes shadow images. Because this method employs candidate shadow maps in initial scene setup, however, it is difficult to
estimate precise light information. This paper presents a novel light estimation method based on hierarchical light distribution
model subdivision. By using an overlapping area ratio of the segmented shadow and candidate shadow map, we can make
hierarchical subdivision of light geodesic dome.

Keyword : augmented reality, illumination distribution estimation, shadow segmentation, hierarchical subdivision
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Input image |
v
Shadow candidate maps
generation
| Canny edge detection | AR module
l | Finding 3-D marker |
Shadow mask selection | Shad?;;iiigﬁs;;ggﬁg ,W‘th :
¥ £ T i | Camera tracking |
QOverlap region relative L . . 1
. . ight information [ . |
ratio computation estimation | Light source generation
1 1
Hierarchical subdivision AR image & shadows
of Light geodesic dome
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Fig. 1. Proposed system
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Y vox= &Aool k. ot FE Feo] SAPS A F, - AEFLE
B mRdAEs NoH Fo2 2dH 2 ¥71S A Aol A& Bt 2939E A9 Aot #d
THOE AELee MEE ol Atk AA 4 S FuYE IHAE A A9 18R e vE
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1. 89| 0|0 ZH|E 0|2 (markerless) Z73&dA Wl AA FH 2HAHRE
7PEel AAl A-qstr] S8 &9 AFHL 1HT°ﬂ 7}
S7dAAAA 7P AAE A H R BHs] 8l o = A s B9 92 =AU A5YQ Wi
FE AF7F AT ek 58] SAAA T A5 g g 3o E & —% Tt S49 FAE WA
¥ GAORNH 29 S BAshks 71EE0] AtE Y T 7Pde] AR o] 2 EHE 53D, Hallers 24 9]
At YA Qe :Laxu 7)o] o} WEEA B 2 HE] 2
Z% RARS A7) S8 B 54 ] ojdsle A7 o] AE GO FAsto] 73] AA o A&sh= Y
£ WA 27038, Agusanto™ 327 ZFH(probe)E ©]& S AN Sato= EAo] o8] A= I1YARE
stol il S e &4 WS e F A9xH 234 g 299 AA9 4xE2 S48 g8 A g v
Aggoan Ru R TPAES AT, e vy o] WA} EA shabu|E el 28 710 2 wrEle o]
=(mirror ball)& °]-§ste] BE WF2 2 JAtE = =9 3 M3 2 A< H(linear least squares algorithm) S
BEE A AA FH A BE 2R A ARE AbetA . et FH 2 84S 7MY ALH A F
ARYsEAL 3D 7P A ol jisg sk gtol] 7N Rd g i o7 Rugsly 3D Al Qs A7lE 18 49L 7]

el XHOJFJ ait}[“. 1311 01 Jaﬂ 7t 7z R T Zo® xS FAsE e gt

) )
G MSNES ZHFOEA A BAxHe Zush RS 2 BEES Y] A8 184 IS sk @
FAAATY, % oo AP olgale] SAzEel W FoIA U Q4o VI (Canny) o1 (edge) AAE
12 249 Feng® FuARo] ok BAlo] thdt 2HE  Agdke] IY% ool XS 23, TTAE PES
g 243 b3 HYE NSE UG Y AAS A BRAUA Aol2 olda TR eI Bk ol
Y5kl B} sl e PUe FAGANY. Okatanie AT AAFAT, 7bde] A4 EOT T 27 B
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T8 2. 7k B Felol 2
Fig. 2 Light sources on virtual hemisphere
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stal 192 25 s ste HH(b)E FEh Y oA 2 43 (he AULE AF ZHolth

(b)

(d) (e) ()

T 3. (a): A e, (b): B Y, (o) T2 A Y, (d): OI] O[0JX], (e): TIHCIAE 20|12 HoiE T S, (f): FHE T 2fah A2
£ a2l

i

Fig. 3 (a): Input image, (b): mask image for shadow surfaces, (c): candidate shadow map (d): edge image, (e): segmented regions with gra-
dient-based ray, (f): rendering images by estimated light sources
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o AT Azl A Aol7l BT 5 Aok WU 2Ae)  FHE Bo FH FHE A AL BEHL
b 2ERRA AN5E RS AGew, vk geel PN 98 ASA A2Y WAE oleth 1Y 49
FH YA WS ARY Ak AF A TPAS A 2ol 40700 FRROR PE Ao FL 3D v
& bdel 9L AUAT & QAT TR a9 vks B4 IR T ) 299 7 B 240
29 A7t ZAE5E FH AAS AN A% ke TAD

F Qupel 2A Z7kshe wol Aot 270 4E 4070 ) 292 GAOE TATAE Ho)

T3 4. 4070 E2|129 XM F, x-yBH(E), 3AH(P)
Fig. 4. 40 polygons on Geodesic dome, x-y plane(left); three-dimensional space(right)

1 2 3 4 5 E 7 B 9 10 1 2 3 4 5 & 7 B 9 10

threshold(%) threshold(s)
gt 1 ght 2 ght 3 gt 1 ght 2 ght 3

T2 5 ZER0| ME Ha ST, C1(EH C2()
Fig 5. Average accuracy of threshold, C1(left) C2(right)
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Fig. 6. Hierarchical subdivision of triangle
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A ) Mie] §RE WA 0 el NAH C18 AL
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zgol 9 DY FRe A4 194 49 29
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A g wet AEFA AE 8L AAFES 1A

T o= \/< LEVS ey 29l o) BRIOZ ARFRIDT, A 20
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Table 1. Pseudo code for hierarchical subdivision of light distribution

Pseudo code

Initialize 7, 7/ (/= 1, , ., ,40)
funtion DetectLight (7/) // Detect light sources
funtion ComputeRatio (/NV) // Compute relative area ratio of detected light sources of geodesic dome.

While(CZ < 0.95 && C2 > 0.05) // Check accuracy of shadow regions and shadow maps.

{ For each light sources, Subdivide Mi // Subdivide Mi" light source into four region.
About Subdivided M7 (j=1...4)
funtion DetectLight (1) // Repeat funtion DetectLight
i
Determine light sources.
void funtion DetectLight (light 1, . . . ,N) // function detecting light
{
while (S > 0) // Continue this process until there remains no shadow regions.
{
For each i'th light source (/ =1, ... ,N)
{

Compute 1. intersection region O of S and M
2. relative area ratio of 7th light source

Area(Ol-) Arca(()i)
T Area(S) XArea(]l[L)

}

Choose nr'th lights source with the maximum area ratio value among A

For each 7th light source (/ =1, ... ,N)
{
Mi = Mi — Om // Remove shadow by detected light source from the candidate shadow map.
}
S =S — Om// Remove shadow by detected light source from the shadow.
i
}
void function ComputeRatio(light 1, . . . ,N) // Compute CI and C2.
{
Detected light sources L7 =1 ... N) // N: the number of detected light sources.
b Qe oror Tt between G- B %nd wmion s
Compute relative area ratio C1, C2
¢ = L(\O) , Cy= % // O is union set of all OF
Area(ga/fi)
}
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Input image |

]

Shadow segmentation by —
gradient-based ray Finding 3-D marker

i i
Candidate shadow map
generation

Logic AND operation

!

Compute /A and
Determine light source
¥
Remove detected shadow
from candidate map
(Mi= Mi= Om)
I

Remove detected shadow
from segmented shadow
(5=8-0m

Hierarchical subdivision of
light distribution model

There remain
shadow region?

No

Select light source

!

AR image &
shadows

Compute €7 and €2
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Fig. 8 Diagram of proposed system
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AHAZ7L InTel Core i7 3.40GHz CPU #HFE 2 MS
LiteCam Cinema HD 7} 22 FA]38}$ith
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gee Bk T19Ake] w7 gepinh g A
&) S3) 2 =RelAE e g 10, 270, 370
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= Z-A7E o} AR 29| ATt S-S 7R
7F oA JHYAE HolE AHET I-A FEFl
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Light 2

T3 9. (a): U 24, (b): 22HCIIE 2ojof ofsh EEE H, (c): 12K

() THE 1600} £, () A5Y 22 0|23 5Y

o1 T=

EZA(ground truth), (d): IM= 4078 =,

Fig. 9 (a): Input image, (b): segmented regions with gradient-based ray, (c): ground truth, (d): 40 candidate lights, (e): 160 candidate lights,

(f): candidate lights using Hierarchical subdivision
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Fig. 10. Various object rendering, (a): Input image, (b): result image
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Table 2 Comparison of the previous and proposed method

method of candidate shadow maps in initial setup
proposed method
Method 40 lights 160 lights
Light tational tational tational
computationa o computationa o computationa o
time(ms) accuracy(%) time(ms) accuracy(%) time(ms) accuracy(%)
light1 4,392 73.3 7,944 97.2 4,644 97.2
light2 4,646 79.4 8,246 91.1 5,202 95.1
light3 4,675 72.6 8,449 93.8 5,535 95.4
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