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Three-Dimensional Measurement System Using

a Cylindrical Mirror*

Yuuki Uranishi

Abstract

This paper proposes a three-dimensional measurement method with a simple
structured system. Whole three-dimensional shape measurement and model re-
construction have a wide area of potential applications, including virtual museums
and digital archiving of relics. In those cases, it is highly desirable that a whole
shape of the object is easily measured in a single shot. The proposed system
consists of a camera and a cylinder whose inside is coated by a silver reflective
layer. A target object is placed inside the cylinder and an image is captured by
the camera from right above. The captured image includes sets of points that are
observed from multiple viewpoints: one is observed directly, and others are ob-
served via the mirror. Therefore, the whole shape of the object can be measured
using stereo vision in a single shot. An actual experimental situation was simu-
lated and the three-dimensional shape of the target object was measured using
the simulated image. In addition, a prototype system was implemented and the
shape of the real objects were measured. The results have demonstrated that the

proposed method is effective for measuring the whole three-dimensional shape.

Keywords:

Three-dimensional measurement, Passive measurement, Cylindrical mirror, Fish-

eye lens, Catadioptric stereo

* Master’s Thesis, Department of Information Processing, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-MT0451018, August 25, 2005.
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22



Selected Target
Region T,

e T

— T S

Search Area At = |
Corresponding to S,

e——— ,r_.l

5" ¥ % 1

042 DOo0OO0O0O0O0OO0OO0OOO0OO0ObOon

ggbbooboboggbbobbuoobbooobbuoobobooobboo
oooobooooooSyboboooooooobooboobooooooboooo

23



st Uoottd

gtdddddddddodoootodododooooooooooooooboboo
gbbogbobbodgbobuoobooobuooobboobbuoobboogb
gbobogbbooodbbogbboobboobuooobbuoobbooan
gbobogobbogoboobbuoodgbboogbbooobbuoooan
gbobodgbouogobobooobobooobbobbooobbuooobboon
oooo

5.1. 0o obooboboboboboo

goboggboobuogoboogbboobbuooboboogbboon
goobobooobooboboboobobobobooboboobobob
gbodgbbodgbbdoobobboobbboobbooobbboooboon
gboboboboobboobobbooobbooboboobbooobboogb
gbooogog

5.1.1 OO ooggno

gboboooboobbooobbobbuooobboobboobboon
UyOb0ooooboboogobboobooobooobooooobbooan
gbobodgoboodbbuogoboubbuoooboobbuooboboaon
O00000000000000000000000000000 102.4[mm| 00
gbogboboodgbbooobbuooobbdoobobobooobboonn
gbobodgbboodbbuoboogbbuooobooobbobboboon

24



O0Jd000000000000000000 ¢00O00d=feO0O0O0O0OO
Dobooboobooboboooooboobobobobobobobob 1024 x
1024[pixels| 0000000000 RGBOOODOOOOOOOOOOOOOOO
20dg 260000000000 DLDO0O0OO0bLbObOOOg s 10000

051 000000000

CPU Intel(R) Pentium(R) 4 3.0 [GHZ]

000000 | 1.0[GByte]

OS Microsoft Windows XP Professional Service Pack 2
Oo0ooo Microsoft Visual C++

5.1.2 OO O0OOOOOOOooOn

00000000000000000000000000000000000
00000000000000000000000000000000000
51.2mm|00 00 25.6mm] 00 000000000000000000000
00051000000000000000000000000000000

0000000SSDO000005 x 5pixels] 00000 (44)00000
000 s005002000010000000000000000000000
000010000000000000000000000000000000
0000000000 520000530000000054000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000510000000
0 851fsec] 00000

25



051 00000000COO00000O0((@MoOoOooOoon)

5.1.3 JUUunonogooooobgn

goboobooobboobbooobbuoobboobooobboon
0000000000000 0000bG6(00005 72000000000
00000000 362mm| 00000000000 25.6mm|00000000
00000000 10% 0000000000000 0ooooooooooo
gobooboooogogossbboubibouoodn sbbbougoaon
gogostddz20bboi1bbbboooon

000005 xbpixels| 000 0000000000000 O0OOOOOOO
O00005600000000000020x20)pixels]J0000000O00O0O0O0
Oos5700000000D00DO0ODLO0ObLObLOy0ODODODDODODLOOOOOO
oboboodobosd4bbdbboobooboobuoobuoobooboobon
O000005100000000000000 5 x 5[pixels]00000 707[sec]O

26



() DOOODOO (h)oOoooooooooooood

052 0J000000OCOOO0O0000OODOOOOOOOO(@Ol)

() DO0ODODOO (h)oOooooooooooooood

053 000000000000000000000O0O0OO0O (0O 2)

000020 x 20[pixels) 00000 9870[sec] D 0000

5.14 JUOOLOOOOOOOOOLOODLOOOOO

gbobogoboodbboobbuooobooobobbooobboob
gbobobuoooobbbooogobobboooobooboooobboboooon

27



Height [mm]

Distance from the Center [mm]

U s54 0000ooboobbooboobon

00000000000000000000000000000000000
000000 384mm|000 192mm0 0000000000 48.0mm]00 0
0192mm] 000000000000 384mm|00000000000000
00000000000000000000000000058k)000000
0000000 (h0O0O000000000000
05800000000000000000000059000000000
000590000000000000000000000000000000
000000000000000000000100002000000000
0000000000000000000000000000000000CO
05900000000000000000000000000000000
0510000000000000SSDO00000 5 x 5pixels] 0000 (4.4)
00000000s0050020000100000000000000000
000000000000000001000000000000000000

28



055 0000000000000 0OODDO(DOOOOOOn)

gbobogobbiloggbbog20bbbooobboooobobuooan
gboboogbogslilggos4dbbuobbuooobbuooobbooon
gbbodgbuogbobbooobboooboobbooobbuoobobboon
gbbbuoooobbbuogobbbooobbboooobobbos1ldgn
000000 1206[sec] 00 0OOO

gsloboudgsliobbudgoooonobbobobboooooooon
gooboobobobobbbbtbooddddddooooooooobbobobooboo
goobobooboboboobobobobouoobooboboobobon
gbboooogbboobuoooboon

29



() 00000000 () 0O0DOODOOOOO0O000000

056 000000000000 (0O0O0O 5 x 5[pixels))

() DODODODOOO0OO (h)OOOOoooooooooooo

057 000000000000 (0000 20 x 20[pixels])

30



48.0

A

19.2

19.2

A
A\ 4

38.4

(b)) 00O (000000 : mm)

g s8 0dbbobooagn

059 0000000000000 0000OO0 (Dooooooo)

31



() 0000000 (h)OOOOoooooooooooo

g 510 boooobbobuoooobboooobbobuoooooboon

40
35
30 |

25 ¢

Height [mm]

20 |

15

10 |

0 5 10 15 20 25 30 35 40 45
Distance from the Center [mm]

U o511 Duogoobbobuoooobbbogd

32



5.2. OO ODOOODOOODOOO

gbobobobooobobooooboboobuobooobobuobobobo
gbgbodgbobooboboboobobobobuobooboobobob
gbooboobobboo

5.2.1 OO0

OO00000oDOOo0OOoOOob0ob0oboO0oDboO0oDOng Opteon OO Depict
DIEOCDODODO1392 x 1040[pixels| 0000000000 DO1024 x 1024[pixels] O
ggbbuooobbdoobboobuoobbboobbooobboobbao
00000000000 000000000 90mm|J000 100mm|00000
gooboobsizbooubobougoobobouoaobbsigonobobogd

CCD Camera

Cylindrical Mirror

g s5.12 0000

33



0000000000000000000000000000000000
(412)0000 Pt,w) 000 IF(t,w) (i=rg,b) 0000

15(t,w) =12, (t,w) (5.1)

i gray

T (t,w) =17, (t,w) (5.2)

gray

s T
0000000 I, (tw) 000 I, (t,w) 000000 Source 0 0 O Target 0

000000000000000D00D0D000000000000000000
O0<I9, (t,w)<25500<I(L (t,w)<2550000

gray gray

5.2.2 UUUooooooooon

O000000000000005130000000000000000 56/mm]0
000 34mm| 000000000000 O0OOO0OOO0ODOOOOOOOO
ooog

0513 0000000000000 (00O)

34



0514 0000 (0O0O0O513000000)

gs3bbudgoogoobooobooogugos4boooonon
Dboboobooboobobobobbobooboobo

O0000000SSbO0OD0O0O0O0 b xbpixels| 00000000 (44)000
gboobodgdsgosbg20b0oluggbbodgboobbuooobboon
gbobolgobooogoboogbbuooobbooobbuooobooan
gobobobobooobbbooogdsisbbobslegguuoooooon
gboobobooboboobobgobobooboboobobobobon
Obhoobooobogbsirooboobooboobbooboobboob
05100000000 1562[sec]00000

35



() 0000000 () 0DDD000O00O000000

0515 0000000000000 00000O0O (0O 1)

() DODODODOOO (h)OOOOoooooooooooo

0516 0000000000000 OO0OOOO (OO 2

36



Height [mm]

30 ¢

25 | g
20 t
15t

10 |

ke 2 s
5 [ O AR 0 o
e Y ,i;’”,’:
0 ‘ St el ’:‘3‘32%’ . ‘ ‘

0 5 10 15 20 25 30 35 40 45
Distance from the Center [mm]

0517 Doobooobooboobobo

37



el UL

gbboodboobbuodgbooooboobboobobooboboon
gboboodgbbuogobboobbuobobooobbooboboboobooab
gbobogobobodbobobboobbooobboobobbooobooon
gbobogboboodbbuogobbogbuogbooobbuoooboboon
gboboboooobbooooobobodaa

6.1. Jooobobobobogoooooobbobooobobn

sl2iibudbogboboobuodgbboobbogoobodgboonn
gbobogboboodbbogbooboooobboooboobbooaon
godboogboobodgobsi2b00oboonobooboboooboon
gboboodgbbuooobbodobbuooboboodoboobbuooobboon
goooo

ggobobooooobbobbooobugbosigobobooogaon
O0000t=0,20,40,--- 0000020[pixels] 000 0000000000 52
O00000000t0000 20pixels| 00 O00O00O0O0OO0O0OOOOOOOO
O000000000000000D0 0.123radian] 000000000 O0DOOOO
gbboodgbbuooobbuobboobbooobboobbuooobboon
gboboodgbbooobboobbobbooobboobbuooobboon
gboooooogn

e(t,w) = /(wm(t, w) = 24(t, )2 + (Y (£, 0) = Ya(t, )2 + (2 (t, ) — 2a(t, w))?
(6.1)
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