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Fig.1 (Left) Scanning system: multiple lines are
projected and their intersections are detected
and used for reconstruction and (right) pro-
jected pattern.

000000000000000000000000
000000000000000000000000
000000000D00000000000000
0([13000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000D000Koninckx 00000000000
000000000000 00000000000
0000000 ([4000000000000000
00000000000000000000000
00000000000000000000000
0000000000000000000 Frueh O
Zakhor[15) 0000 00000000000000
000000000000000000000000
000000000000000000000000
00000 3000000000000000000
00030000000000000000000
O[MOpO0000000000000000000
0000000000000000000000000
00000000000000000000000
0000000000000D00000000 [16]0
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000

3. 0OOoOooobooooobooooo
go

3.1 000000

0000 300000000000 (O)ODODDOO
000100000000 100000000000
gboboooooooobooooboooobobooooo

gooooooooobooboboooo-boboooooo
goboooboboobooboboboobooboo
gobooobobooboobooboobooboo
gobooobobooboobooboobooboo
goboooboobooobooboobooboooboo
goooooooooooooboooooooood
gdoooobooooooooooooobo1ooooo

oooooooooobooooooooooon 30
gooooooooooooobooOoooooobooboo
goooooooooooooboooooooobooboo
goboooboboobooboboboobooboo
gboobooboobooboooboo BPpOOODO
gooooboboobooboobobbooboo
oo0oooooooooooo 4.0)o

ooooooobo3soodooooooooood
gooooooooooooobooOoooooobooo
goocooooocoboooooboooboobooooo
0000o0oo00ooDOoooDOooD (oooo)ooo
goooooooooooooboooooooobooboo
goobooobobooboobobobooboobono
goobooobobooboobooboobooboo
goooobobooobooboobobooboo
googoooa

3.2 00000

Kawasaki0OOOOOO 30000000000
00 (6000000000000 pencil of planes O
goooooooboooooboooobooboOo 100
0000000000 0000000o00o0o0n
goboobooobooboobooboobono
googoood

goobooboboboboooboobooboo
goooooobooobooo

v1x1 + v +vzrs+1l1=v-x+1=0 (1)

000000v = (v,ve,03) 0000000000
x = (z1,22,23) 00000000000000000
0000000000 p= (p1,pe,ps) 000000
00000000 q= (qu,¢e,p3) 00000000
0000000000000

vip1 +v2p2 +vsps+1=v-p+1=0 (2)

001000000000 00000 1 0000000pencil of planes

goo0oo00OoO0o00O00000200000000000000 10
0obo00o0000000000000



00000000000 xxxx/xx Vol. Jxx-D No. xx

v1q1 +v2q2 +v3gz =v-q =10 3)

gobobooooovOoOooooooooooooon
gooooooo

v=vo+7n(pxq) (4)

00000000 veOD (2)0(3) 000000000
00000000 (0000ve-p+1=0,vo-q=0)
00000000000000000 h= (h,hs, hs)
O0h=ho+p(pxr) 00000000 r0000
000000000000000000000000
0000000000000000000 (00000
00 focal plane) 0000000000000 O000
000000000000000sO000v =pxq0
h=pxrdOOOOO

v=s+nv, h=s+ph’ (5)
ooog
3.3 O O

000 vOODOO hODOOOODOOODODOO
0000 u=(u,v) 0000000000 = (u,v,1)
oooo

@ (v—h)=0 (6)

00000 eooo0boob0o0oooooooog
oood

n(@-v') = p(a-h') (7

goooooooooooooboOoOoooooboo
ooooooonpOO0OO000O0O000O0OCO pOoOOO
goooooooooooooooooooboobooo

goboobooooboobooobooobooon
goooooooooobo:0000000D0O0D00
gooboodonpUbOOO0bOOO0OOO000bObO0OOOon
gboobo g j0o0b00b000bb00obOoobooon
p; DO0OOO0O0O0O0O0OO0O0OO0O0OC0O00 200

ooo uijDDDDDm(uij~ ) (ui]wh')I:I
00000 Fyj=w,; -v,G, ;=u,;-h 0000
oood

Fijni = Gijpj (8)

gooboobooooobooboboboooobooon
goooooooobO0 MODOODODOODODOO

00 NOODOOO LOOOOM+N)OOOO
(Mi,pj,l £i<M1<j<N)ODODOOLOD
0oooo0oo

0000000000 k000kO0000000
00 ik)0000 j(k)000000000000
TODOKD i(k) 00000 Fuy,w 0000000
000 000000000000000RO0KD
j(k)00000 Gy 0y 000000000000
0000D00000000007= (g, ,mu) ' O
F=(p1,--,py) 00000D00O0OO (8)00

Tij=Rj 9)

)]

00000000000000(M +N) x (M + N)
00 [T|-R]T[T|-R| 0000000000000
000000000000000000000000
000000000000000000000000
00000000000000000

3.4 00000000
000000000000000000000000
000000 (90000000070 50 ¢fd ¢f
000000000000000000000000
0000000000000000000000000
00000000001 0000000000000
000000000000000000000000
000000000030000000000000
0000000000000000000
c0000D00 (9)00000000000¢000
00 ¢00000&0e 0000000000000
000000000000000000000000
0000000000000000000000¢0
c00001000000000000000 [6)00
000000000000000000000000
0oooo
00000000000000000000000
000000000000000000000000
0000000000 POOOOOOOOOOOOO
000000000000g,1<I<PO000OO0
000000000000000000000000

oooo
0 9oooooooooooo

IT7 — RA|* =

DSy




0 00 Belief-Propagation 0 0 0 0000000000000 O0O0O0O0O0O0O00OO0O 3000000

O0000oO0oooDO0o0O000Oepj,1 £ NO
g, LlLPOO000O0OOODOOO

E(c) = min_e(g,s + cp;h’) (11)

1<i<N lsisP

000000O00e(a,b)000000 a,b0000
000000000000 E()0 c0000000
000000c00000000000E(c)0000
000000000000000000000000
000000000000000000000000
0000 00000000

00000000000000000000000
000000000000 IDO0O0O0OO0O0O000
00000000000000000701ID0O0OO0O
00000000000000 (22)0000000
g0 IDO000D00 s+¢p;h/0IDO00O0O0OOO
00000000000000B() 000 ad00
0000 IDO00O000B(a) = B(b)IO000e(a,b)
000 a0 b0O0000O0O0O00OO0O00OOOOO
00 0000000000000000000000
0 (00000000 H)0000000000ooo
0000000000 IDO000000000000
000000000000000000000000
00000000000000000005.1000
000000000000000000000000
000000000000000000000000
ooooooo

4. DO00ODODDOOOoOoOoOooOOoOoooOoOoOon
gooooo

oooooooooooooooooo 20000
0000000000 000oO00ooOooooo 1(O)
0020)000000000D0O00O00O00ODOO
oooooooooooo

000000000 20)00000O0O0OO0OOO
gooooooooooooooooooooobooo
00000O00o0ob0oOoooOooooooD 2o)o
oo200000000000000O0O0CCOOO
goooooooooooooboooooooboo
goooooooooooooboOooooooboo
gooooooooooooooooooooDoDODOo
gooooooooooooooooooooboo
gooooooooooooooboooooooboo
goooooooooooooooooooooboo

0
200 210 220 230 240
X axis

02 000 :(0)0000000000000(0)O
ooooooOooooOooo(@)oooooooo
goooooooboooooobo

Fig.2 Line detection: (left)projected pattern of the

proposed system, (middle) projected pattern

of a previous study, and (right) the profiles

for the images for the proposed pattern (solid

lines) and the previous study (dotted lines).
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Fig.3 Line detection: (left) Graph for BP, and
(right) subpixel calculation.
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Fig.5 Line detection by BP : (a) input image, (b)(c)(d) change of label by message passing, and (e) result

of line detection.
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Fig.7 Comparison between color coding method [19] and our method: (a) target object, (b) captured
scene with color coding method, (c) detect curves (d)(e) reconstructed shape, (f) captured scene
with our method, (g) detected curves, and (h)(i) reconstructed shape.
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Fig.9 (a) input image, (b)(c) reconstruction result with wrong connection and (d)(e) reconstruction

result without wrong connection
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Fig.11 Results of a breaking dish.
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Abstract Dense 3D reconstruction of extremely fast moving objects could contribute to various appli-
cations such as body structure analysis and accident avoidance and so on. In this paper, we propose such a
technique based on a one-shot scanning method that reconstructs 3D shape from a single image. To realize
dense 3D reconstruction from a single image, there are several issues to be solved; e.g. the reconstruct result
is sparse because it can not use a dense pattern. This paper describes the solutions of the issues by com-
bining two methods, that is (1) extension of shape from intersections of lines method, and (2) efficient line
detection technique based on de Bruijn sequence and belief-propagation. In the experiments, the proposed

method successfully captured the sequence of dense shapes at high frame rate.

Key words Active scanning system, Shape reconstruction of moving object, Projector-camera system,

One-shot scanner, Shape from coplanarity



