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3D scene reconstruction method by self-calibrating multiple laser planes

Minimum configuration of active 3D scanning system
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Abstract Self-calibration is one of the most important topic for Computer Vision. However, in the case of the
light sectioning method, little research has been conducted. In this paper, we study the problem of self-calibration
for the light sectioning method, which can be defined as the estimation of multiple laser planes from the curves
of laser reflections observed from a sequence of images. The constraints of the problem can be obtained from the
observed intersection points between the curves. We show that, if two line lasers are fixed with a known angle, this
problem can be solved. To solve this problem using optimization, local minimas of the target function are serious
problems. Thus, we propose a method to estimate an initial solution by solving an approximated problem using
Grobner bases. The initial solution can be refined by nonlinear optimization to obtain the final result.

Key words Self-calibration, light-sectioning method, 3D shape measurement
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of the projector, (b) the grid patterm formed by moving

the projector.
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Fig.4 Configurations of laser projectors with multiple line lasers.

e
Intersections

0000000000000000000000000000
0000000000000000100000000000
0000000000000000000000000000
000D000000D000000D000000000000
0000000000000000000000000000
00000D00000000000000000000000
oooooo
00D0021000000000000020000000
0000000000 (0 3(a) 0000000000000
0000003 (b)0000000000000000000
000000000 5000000000005x%x50000
000000D020000000000000000000
0000 100000000000 300000000000
)x10+25(000000)=550000000000000
0000000000 (3)0000000000000000
000000000 ()0 (2)0000000 25x20000
0(2)0000005000005600000000000
0000000000000000000000000000
000000003.000000
2.2.2 00000000000
000000040000000000000000000
0000000000000000000000000000
000000000000000000
000040000000000000000000000
000000 4(x) 00000001000000 60000
0000000000021 000000000000000
3x446=1800000000000000 180 (000
00D0:6x2=120000000000:4C,=60)0000
0000000000000000000005000000
00000 (0 4(b)0000000000000000000
0000000000000000000000000000
000000000000 0000D000000004 (c)0
0000000000000000000000000000
0000000000000000000000000000

001imoo0o0: 00ob0000b0O000000000 «000 000D

000 A, 00000 {G,A)li=1,---,N(NDOODO)0DOOOO0OOO
0 ADDODODOOD0ODOD 2=a00000 KaoDKa,O00OOODO
00000000 La,, 000000000000000 ADODOODODO
Ka, 10 Kg,_ 1 00000La,_20 Lgs(B+—-2A8+—-1)0000
000000 BOOOOODOOOODODOO000O0 I30000 Ig(A)=B
00000D000{(,Ig(A)))i=1,---,N} 0ODDOOODOO0200
A;,A; 00D00015(A),ls(A;) 0000000000000000000
000000000000000000@8000000000000000000

144



gboo3sgobooooobooobooooooooooon
goooooooooocooobooooooobooooobooo
goboboooooooboebbOOObObOOObDOOObOOOO
goooooooooooooooooobooooooooobo
gbobbooboo2000000000000000DOO00ODOO
oo0o02000000000000000000019]0

3. Jonouoobooobooboobooboooon

3.1 000000
0000000000000000000000 20000
000D00000000000000000000
000000000000000000000000000
000000000000000000000000050
0000000000000000000000000500
0000000000000000000000000000
0000000000000000000000000000
0000000000 (3.20)00000000000000
000D00D0000000D0000000000000000
000 (3.40)0000000000000000 30000
ooo
3.2 00000
0003.10000000000000000000000
000000000000 00000005 0000000
0051000000000500 2000000000000
00000000000000000005000 20000
5000000000000000 2000000 Grébner O
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000
000D00D0000000D000000000000000
0(500)20000000000000000 Grébner O
000D00D0D000000D0000000000000000
0000000000000000000000000000
0000000500 500000000000000000
00000000000000000000000000000
Grébner 10000000000 D00
000D0:0000000000000000000000
00 (@, buisco) I000000000000000000
000000 (ans,bricn;) 000000000000000
00000000000000000000000000000
000000000000000000000000000
0000D00000i0000000000000000,40
000D000000000000000000 (,)0000
0000 (,) 000 (0000000 200000000 ¢,
00000 (5,/)00000000000000000000
(uij,v:;) 00000 (1)00000000000000000

v,i(Wi,jti,;) + boi(vigtij) — tij + coi =0,
an,j(wijtij) + bn,j(vigti;) —tij +cnj =0, (4)

o0 1<L4,j<£500000 (2)0oouoouooooa

o
Gv,i@h,i + by,ibni +1 =0 (5)

goooooooo1<£¢<£50000

goobobooobbooobbooobbbooobobuooo
Oobo0ooO0o0do0oOo2000000000000O0O0O0D000O0
goobobooobboooobuooobboobobboooboo
gooob1ooooboooboooog;, 000000000
ooooooo ;0 1000(000Oo00oOoO0ooa
00000)000000 (4)00

Go,i(Us,5) + bu,i(vij) — i + o = 0,

an,j(Uij) +bn,j(vij) —tij +cny =0 (6)

ooooooopoOoOogolgLd,jshoooooo 2000
00006 00o0ooouoUn (wy; 0vw,; 000000O)O
ooo0200000000000C0CsS0C00000000DOO

00000000000 (B)00000D00000D0O0O
000000oooooooooooooooooooooo
o0o0oo0oooOo (3)ooooooooooo

3.3 0 ooano

0000000bOOoDO0O0bOOobOOOoOoDOOobo s10booo
O00U00oooUoo0ooMx=bUOO0OOOOO0OO MOO (6)
000000000 51x55000x 0 Gui, bosi an, bri, ti
0000005 0000000b0000ODO0ODO 100 (3)0
odo0ooooOooooOoOooOoOoDoUOOOslOOODOD
ooog

00000000 under-constrained 00O O0O0OO0O0OO
0000 (SvD)O0OoOoooooooooooooooooa
gobooo0O0xOs0000000DCO00OO0DOOOOOOO
000oo00oooo0oMO SVDOOOOOOOUXVx =h.
00000D0OD UD 51x51 000000V OSxb5000
00000oDooovooooso0oooooooog vio
vVIOIOOO5s50000000000 VL.OUDOOOO 50x 50
OJO0d0o0ODO U, 0000MOOODODOSAODO0 5100
00000000oooooooooooooooooooon
oood

x=Vin~'Ulp+ Viy. (7)

0000f = (fo, fi,f2, f5, fa) 00000 500000000
0000 MO5000000000000000004.000
ooooooooOo

0 ()000000 av, bes ans, brs 00 (7) 00000
O fo,f1,f2 f5, fs 00000000 5000000000 2
0000000000000000000000 Grébner O
0000O0O0O0O0Grbner 0000000000000O0O0O
0000000000000 [10},[11]00000000000
00000000000 (fo, f1, f2, f3, fa) 000000000
0000000000000000000000000OnOO
000000000000000000000 xO000000O
ooooooo

3.4 0000000000000
0000000000000000000000000000

145



0000d0dooooooooooooooooooooooo
000000000000 o00oooU0ooooUoOooo (6)0
(h)03)oU0oU0oUOoUOUOUOUOUOOOOUOoDO
0(6)00000000000000000Usoft MO0
0000o00Do0o0oo0oOoU0o0oUo0D (B)U0hard0O
000000000 00o0oo0oooooooooooooo
000000oooooooooooooooooooooo
oooooooobooooooooooooooooooood
0000oooooooooooooooo
Oo0oo0oODooooooooooooobobooooooa
000000000o0oooooooooooooooooon
godds0dfdooooooooooooooooooogg
0000o0ooooooooo0oooooooooooooan
oooo0oOooo0ooooUoOon (s)boooooooo
(0000000000000 0j00000000000
gopooooboOoo30oooooobooOoooboobooooboobooo
goooooooooo L,;00000L, 00000000
((,j)0O000000O00O0O0DOUD G,j)0 L; 00000
gooodoooooooopgooo &, 0000000000
ooooooo 4, 00000000000000000OOO
0000000 0o0o0ooOooO0oooooOooooooO (4,9)
00000 L, 0000 30000000000000000
t,, 0000000000000000O0O0DOO00O0OD (3)0
0000000000oooooooooooooooooon
000000 Levenberg-Marquardt 00000 0ODOO

4. U g

3. 0000000000000000000000000
00000000000000000000000000
0000000000000002000000000000
(400 (G)0 107 000000000000000000
0000000000000 00CCO00000O0Ong
000000000 CGOO00000N0000noNonoooog
00000000000 00000000000000000
0000000000000000000000000000
0000000000000000000

4.1 000000000
000000000000000000000000000
0000000000000000000050000000
0000000000000000000000000000
2500000000000000 300000000200
0-0.09800 0.048000y000-0.10200 0.066 000 2
000-1.029000097000000000000000000
0000000000000000000000000000
00000000000 2000000, (00000)
O (ui;v:,;)(0000)000000
00000000000000000000 Jacobian 00O
0000000000000000000000000000
0000000000000000000000000000
000000000 Jacoblan OO0 OO00D0OO0 (3),(4),

(5) 00O Jacobian 0000000000000 000D00
00000000000000000000000 Jacobian
00000 Mathematica 0000000 000000000
280 000000 289x 1074 0000°°* 00000000
00107 00000000000000000000000
0000000000000000000000000 (000
0000000000000000000000000000
00000000000 10°%000000)00000000
0000000000000000000000000000
000000000000000000
3.3000MO00005000051 000000000
0000000000000 0000MOO0O0O0O00000O
0000000000000000000000000000
0265005000000 510000000 1.91x107°0
1.85x10*0000000000LAPACKOO0DOO0O0DO0O
0[12]0000000000010700000000000
00510000000 0000000000MODOO0O0 51
000000005 000000000000000000
0003.30000000000000000000000
0000000000000000000000000000
000000000000000000¢t,,00000000
0000000000000000000
00000000000000000000000000
000000000000000000000 (uf;,),)00
00000000000, (1 4,5 < 5) 0 RMS(root of
mean squared) D00 4.70 x 10°°000000000000
00000000000000000000000000000
(uijwi;)00000000000003.2000000000
000000000000000000000000 5(a),(d)
0oooo
0003.40000000000000000000000
0000000 (wyv,)0000000000000000
0000D00000000000005 (b),(e)000000
0000000000000000000000000000
00000000000000000000000000
00000D000000D000000000000000
00000000000000000000000000 wu,,
000 v, 0000-0.001000.00100000000000
000010000000000000000 5(c), (F)0000
0000000000000000000000000
4.2 CGOOO0OO0OOOO
000000000000000CGOO000000000
000000000 6000000000000000000
0000000000 ()0000000000000000
0000000000000000000 100000000
000000000000000000000000000x
00000000000000000000000000000

0o02000000000000000 150000000000000000
goO0 30000000000

146



(d) (e) ®)
05 000000000000000: (a),(d) 00000000
00D0000(b),(e) 0000000000, (¢),(f) 00000
0000000000 (000). (5000000000000

00o0o000oo0oo0o0ooooooooo.y)
Fig.5 The results of the numerically generated data. (a),(d) The

solution of the approximated problem (shown with the true
values), (b),(e) the refined solution (shown with the true
values), (c),(f) the refined solutions with noised data. (The
lines drawn from five of the grid points show the directions

from the points to the projector.)
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Fig.6 The results of the data generated by CG : (a) the detected

pattern, (b) the true 3D shape of the grid, (c) the result of
the approximated problem (with the true shape), and (d)
the result of the refined solution (with the true shape).
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Fig.7 Results of the real data: (a) actual object, (b) and (c) sam-
ple input images, (d) accumulated image of 5 inputs (e) the
refined solution (perspective view), (f)(g) the initial solu-
tion (red lines) and the refined solution (blue lines) shown
with the rectangular solid (f: top view, g: side view), (h)
and (j) the reconstructed points of the reflection curves of

all of the images.
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