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Shape Reconstruction of Scene Surfaces from Cast
Shadows Using Coplanarity Information and Geometric
Constraints

111

Ryo FurukawaT! and HirosHT KAwASAKIT2

To date, various techniques for scene shape reconstruction using shadows
have been proposed. Shadows have the advantage that they can be used in
outdoor and various other scenes without using special devices, since they exist
wherever light is present. When an object with a straight edge casts a shadow
on a scene, the points on the shadow boundary (shadow curve) are on a single
plane that includes the light source and the edge (i.e. the points are coplaner).
Previous shape reconstruction techniques that use such shadow boundaries re-
quire calibration of camera parameters, knowledge of light source position, and

a reference plane. Since their application ranges are limited, such techniques
have not been widely used. Hence, a technique capable of realizing reconstruc-
tion even when some of the values are unknown would be applicable to various
scenes. This paper realizes such a technique. This technique reconstructs a
3D shape by solving the simultaneous equations of planer regions in the scene
and the planes that include shadow curves. We conducted an experiment us-
ing simulated and real images to verify the correct shape reconstruction by the
proposed technique.
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Fig.1 Planes in the scene: (a) Planer regions. (b) and (¢) Shadow curves.
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between planes: Each of points A and B is a shared point between two implicit planes. Each
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plane. (c) Detection of shared points between planer regions and shadow curves.

obooouobboooobooooooobooooboooobo
gooO0oU0oUooOooooooOoooooooUoUoUO 1(koooooooo
o0oO0ooooUoU0oUod 1I(gg00oUDUOOOOODOOOUDOOOOO
oooood
gooooobooboooooooobooooobooooobooooobooOoocOooooooon
oooooobocoooo

e JODODODOODODDDexplict 00000000 O0O0O0O0O0O0O0O0OCOOODODODD
0000000000000 000O00000 2(0)000000O0O0O0ODOO0O wOw3z0
mUOns 0000000 2000000000000

(© 2008 Information Processing Society of Japan



114 O00O00O00O0O0O0OOOOO0O0OOOOO0O0O0OO0 3000000

e JJDDCOCOOODOODODODOUIUIOIOIODOODUODOOOOOOYD implicit 0000 ex-

plicit 0000000 O0DOOCOOO0OO0OOOCOOO0OODOOOOOO0OOOOOOOOOD
goboooobboooboboooboooooooboouoobooa

ooobOoO0O00000000000implicit 0000 explicitOOOOOOOOOOO
gobooboboouooboboooboobostuobooboooooooooooooooooooo
O0o0o0oUooOooooooooUoOoo 2()U0 AODBOOOODOOOOOOO
O0000o0ooooO0oOo0ooo coboooOoOoUoooooOooOoooooooOooo
gooooooodoooooooboobooooobOoboOoooooooboobOooooDoo
oooooooooooobooboOoooObOOb0000bD400000000D0000O0DOO
goooooooooooooooboooboooobooboooooooOoboooooobooboDbboo
goooboboooooooooooobooobo stooooobooooooboooOoooooboobo
O000000000000000000 explict 0000000000 0O0O0OOODODO
gobooooooooooooobooobobooooo

(1)

(3)

goboo0ooooo0 OooooooOoooooOoOooooooOo Vol

gooooooooboo
goooobOoobooobDobooo0oboOobDoobOoobOo0oboobDoooo
gooodooooobobbooooooooboboooobooobooooooooo
JoddopoDoObODbOO0o0o0boDoOboO00ooooboOoobObOOoOoooooOoOD 200
0000000000 0000000000000000000explicit00000O
000000000000 00000000000000implict000000O00O0O
000000O0explicit 000 000000000DOO0DODOOOODOOOODODO
ooooU0oo0OoooUooOoooUoooUoOoooOooO (2)o(3)ooouoo
gobooboobobbooobooboobobbobboobobooboboo
goobooobobuooobboobobooo

00000000000 Shape from coplanarityd

000000D00020000 explicit 000 implict 00000000 ODOOOO
godbobooooboooobboooobobooobobooobobDboooooobog
gooooboobooooobooobooboobooboobooboooboo
gooobooobbooooooobbbooooobobbooou4000bDDbDDbDO
goooooooooboooooboo4000000000DO0DOODODOODO
godooooob400000000DO0O00O00ODOOO
godoooooobooobbooooo

No. 2 111-123 (July 2008)

3.

goooooooooooooobooooooobooboooobobooboboooo
gooobobooooooobooooobooobooboOoooooboobocOooooboooon
ooooooooboOOoOOObOO04000000DOOOOOOOOOOOODODO
gobooooooooon

gooogd
goooboooboooooboooooobooooo3sguooooooooooooon
goooooocooooooooboooooooobooboOoboooooooOoobooooo
oUo00oO0UO0oo0o0oU0oO0O0oUOoOU (2)o(3)b0opUooUoUoUoOo
gobooobooooooboobooboooooboOoobobooooooboOoboboo
gooooooooooooooooooooooboOoboOoooboooooono 300
gbooooooooboooooobOoobOOoO0oOOoOoOOoO0oOOObOOOOOOOnoO
goboooooooobooooobooooobooooooobooooooo

oboooooooo

3.1 0OO0OO0OO

000000000000 00000000D0000000000000000D000O0
0000000000000 D0000D0D00000D000nonO
000000000000 000000000D0000000000000000000
000000000000000000000000000®Ygoooooooooon
00000000000 D000D000D000000000000D00000000000g
00000000000000000000000000000000000000000
0030000

(1)

gooooboooodooooooboooooboobooOoboodobooooooobooOobobooooon
gobooooooob sooodn
gobooooooboooobooooboooobooobooOobooOooDon
gooooboooobooooooboooobobobooooobooboo 3oobooooon
gbooooboooboooobooooboooobooooooobOobooboobOooDbOoon
oo
gooooooooooooobooooooobooooboobobobooooobobooooo
goooooooooooooboobooooobooooboooobooooooboobooooon
goboooooboooooooboooob sboooOm

(© 2008 Information Processing Society of Japan



115 OO0O000000O0OO0C0OO0OO0000O0O0O0oOOb0 3b0b0o0o0ooo

03 Jidgooooooooo0moooooooDmooooo0oooooooooooLDoDooomoooDoOo
goooodooO0ooDOoDOooDO0oOD0O0O0DO0DODmMOo0oD0ODO0U0DOoDU0OOoDU0DOoUDUOOUBDUOooo
Fig.3 Example of shadow extraction using spatio-temporal analysis: (Upper left) Input image. (Up-
per right) Shadow region extracted by inter-frame subtraction. (Lower left) Shadow region
selected by spatio-temporal analysis. (Lower right) Extracted edges of the selected shadow
region.
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Fig.5 Reconstruction of simulation data (using non-linear optimization): (a) Original image. Curve

A is drawn for extracting the shared points between the floor and the shadow curves. Points
B, C and D are detected on the intersections between planes. Line E is edge that generates
shadow edges. Angle ZGFH is used as a metric constraint. (b) Another original image.
(¢) (d) Reconstruction result. The shaded surfaces are ground truth and the red points are
reconstructed results.
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Fig.6 Reconstruction from simulation data (all the intrinsic parameters are estimated): (a) the tar-
get scene, (b) cast shadows in the scene, (c¢) points impose coplanarity constraints and (d)
reconstructed points.
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mbooobooboooooo Fig.8 Reconstruction and evaluation of an indoor real scene: (a), (b) the capturing scenes. (c) in-
Fig.7 Reconstruction of an indoor scene: (a), (b) the capturing scenes, (c) input image, (d) implicit put image, (d) implicit and explicit coplanar curves and their intersection points, (e), (f) the
and explicit coplanar curves and their intersection points, (e), (f) the reconstructed shape reconstructed model and (g), (h) the reconstructed shape with the ground truth data (shaded
with surface shading and (g), (h) the reconstructed shape with texture mapping.

model: reconstructed shape, red points: ground truth).
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Fig.9 Reconstruction of an outdoor scene: (a) input image, (b) example frames showing the 3D

segmentation result, (c) implicit (green) and explicit coplanar curves (red), (d) reconstructed
result of coplanar curves (red) and dense 3D points with surface shading and (e), (f) the
reconstructed scene with texture mapping.
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