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3D reconstruction from coplanarity constraints and bas-relief

transformations

Abstract: When multiple coplanarity constraints exists in a scene observed by a camera, there remains 4
degrees of freedom in the scene that preserves all the coplanarity constraints. The freedom of the solutions
is based on generalized perspective bas-relief(GPBR) transformations, which are also known as the ambi-
guity of shape-from-shadow method using uncalibrated light sources. Although GPBR transformations are
not intuitive transformations, their dual transformations that work in the dual space are translations and
scaling, which are more intuitive. In this paper, we explain the ambiguity of GPBR transformations of some
problems from the dual space. For some problems, the discussion is used to explain geometrical meanings of
ambiguity of the solutions, and to solve the ambiguity.
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Fig. 1 Planes and points:(left) explanation of symbols,

(right)examples of planes in a scenes.

000 [dooooooooot

0000000000000DOO0DOO0OoOo0 (1), (3], [8]
00000000D0DODODODD (70000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000000000000000 20000000000

0000000000000000000000000
00000000000 D0O00GPBROODOOODODOOO
00000000000000000000000000
00DD0sO0000D00000D0DO00s*00000000
0sO0000 GPBROODODOODOOOs* 000000
00000000000000000000000000
00000ooooo

0000000000000 300000000000
00000000000 0000000000000
00000000000000000000000000
GPBROOOOOOODODOOOOODDOOOODOOOD
000000000000000000

2, Jooooobboooo

3000000100000000000000000
00000000000000000D00000000O0
01(0)00000000000000 20000 P;0
P,00000000000000 V,0000000000
00000000000000000000000000
0000000000000000000 (0 1(0))0

00 P,0000000000003000000000
00 p, 000000

pi-x+1=0 (1)

oobOoobOoooboocoboodxO p; 000000 XO

*I GPBROODOOOOO0OOOOOOOOOODODDDODOOOOD
goooobooooooboooobooboooooooboo
generalized bas-relief(GBR) 00O ([6] 0) 000000000
000000000O0O0GPBROOOOOOOO cast-shadow
O00O0oo00DO0OO0OshadingO00000O0O0O0O0O0OOOO
oo

© 2012 Information Processing Society of Japan

02 0000O0O0O0O0OOoOoOoOoooOoOo
Fig. 2 Examples of planes and points shared by multiple

planes.
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Fig. 3 Relationships between planes, points, their duals and
GPBR-transformations
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Fig. 4 A plane (left) and its dual(right).

P

wmERSAL P (=)

0 (90000 (2)0000000
Vi (p; —Pp;) =0 (12)

O00000000000000sOD GPBROOOOOO
0O¢00000000000000000O0DO0OD0OOO
uboooboooooboboOooooocoooboooooon
GpBROOOOOOOOOOOOCOOOOOOOOOO
goooocooo

3. 00000 GPBRUODO

0000000 30000000000000s000
00000 SO00000000O0 $*000000000
0pP;,0000S 000P0000P,P;000000
0000000000 p; ~p; 000030000000
00 p=p; 000 (0000 p;0p; 0000000
00000000000000000000 pf=p;00
0)00000 V; 000000 V; 0000000000
0000000v =v; (vi~v;,)00000000SO
00000 P;00V,0000008*00000P;00
0V:;000000P:0 V0000000000 s 0
ooo
SO00000 P, 008*'00000P; 0000040
00000 P, 0000000 n, 00000000000
0000000 10000000000000S0000
00 P, 000040000000 P, 000000000
0p/0(l/dn,000000000P; 0000000 p;
O00O0Op; 00000

00 SOO000 A(e,B,7,6) 000 GPBROODOOS*
00000 {A(e,53,7,6)}" T 000000000000
(70000000000000000000000000
000000000000000000GPBROODOOO
0000000000000 P 00000000000
00000000000
SO00000000 (0 (2)000000 80000
000002000 Py, P;000000000O000OO
000000000000000 v, 0000000 1(0)



gogoooooood
IPSJ SIG Technical Report

05 ODO0O0O0O0OO0OOOOOOOO0O.

Fig. 5 Coplanarity constraints in the dual space.

NS A—R 7
g ML

2 INSA—A
z Ry kL

06 0O0OO0O020000000000000000

Fig. 6 Shape measurement using two perpendicular line-lasers.
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Fig. 7 A typical position of the projector with perpendicular

line-lasers and typical positions of the dual points of the

laser planes.
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Fig. 8 Result of real scene reconstruction(cited from paper [1]).
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Fig. 9 Plane parameter vectors of real measurement using ver-

tical line lasers.
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Fig. 10 Shape measurement using a grid pattern: (left) a

system configuration, (right)pattern planes that are

swept by lines of the grid pattern.
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Fig. 11 Positions of the pattern planes generated by a grid

pattern in dual space.

hAS Jnvsos PRy

012 00000000000 0OoOO0o0ooO«(0D)oo0oOoooDOoO
00(@)ooooooooooo

Fig. 12 Constraints from an intersection of the grid pat-

tern:(left) relationships between planes and an inter-

section, (right) constraints in the dual space.
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Fig. 13 Freedom of the solution of the locations of the pat-
tern planes obtained from the intersections of the grid

pattern.

goooooobooooooocoooooooobooooo
gooooobodooooooooooooobooboooon
gobl1o0o00o0ooooooooooon

gooboooooooooooooobooooooog
ooooooooooOpP,000000000000O00
oooooooopP,000000O0O0O0O0O0O0O0O0O00
goooooobooooooboooooooooboooo
gobooooobooooobooooooooooboooo
goboobooooooooboooooooooboooo
gboooooodoboooooobooooboboooon
OO0 2]00000000o00oo0ooooooooo
oooogo

gooobooooooocOooooooobooOoooooa
ooboooooooocooboooooooooboooo
oooooo 4000000

6. 20000000000000OOODOO
g

OooooO0ooOoO0oOoooOooOooOooOooOooOoo veDho
P,O000020000000000000000 100
gobooooooooooooo

cooobooooooooooboocoobOoOobooOnod
goboooooooooobocooooooooboooo
gobooooobooooooocoooooooboooo
udoooooooooooooooooooooooon
oobooOooo20000000000000O00000
0000000000000 1(0)0ooouooooo
OO00o0o0oO(0)OooUooUoOooUOoUOoUOoOooo
uobooocoooooooboocoooooooboooo
uobooooooooooboocoooooooboOooo
O000000O00o0ooooUoUOoO Poooooo

000000 @Qooooo0oooooooooooo
ooboooooooocooboooooooooboooo
oobooooooocooooocoooooooboooo



gogoooooood
IPSJ SIG Technical Report

014 0J0000O0O0OO0OO0OO0O0O0O0OO0(0DO0)O0OO0O00O(O
0)0000(@O)0000 (00 [2]0000)0
Fig. 14 Shape reconstruction results of real data using grid
projection: (top left)target object,(top right) source
image, (bottom row)estimated shape(cited from pa-
per(2]).
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Fig. 15 Shape reconstruction by projecting parallel patterns

from two projectors:(left) system configuration, (right)

solutions in the dual space.
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Fig. 16 Freedom of solutions with 2 projectors.
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