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Monocular Multi-Viewpoints Stereo Imaging and Application
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Abstract A monocular imaging system is designed to capture the multi-viewpoints stereo images. Several identical
isosceles trapezoidal planar mirrors are placed around a wide view-angle camera. The light rays from an object
projected onto the camera include direct light and the light reflected by the mirrors, and divide the camera’s image
into several regions; thus a multi-viewpoints image is captured. These regions correspond to observations with
multiple cameras at different positions and orientations, and can be used for multi-views stereo images to reconstruct
three-dimensional (3D) information. The system design guideline and calibration method are described, and an
application of 3D shape measurement is proposed. Experimental results indicate that the proposed system can capture
monocular multi-viewpoints stereo images, and achieve highly robust 3D measurement.

Key words machine vision; imaging system; monocular stereo imaging; system calibration; parallax estimation
OCIS codes 150.6910; 110.2970; 110.4190

5| =5 G L B B A 25 - R T = A 0 s B e DL

=]

T UL ) S e BAR B R R A TR WIRRI S R Tk AR G i T

SN

Wim EE: 2011-10-31; WEIMEMFHHEEA: 2011-12-16
EETHE: WLA BARBAEAE (Y1110067) FETVLA £ 7L A A TR (2010R10003) % B R
EER N RIRAKR(1964—) . I R HRE B Z NSRBI KRR B S5 D5 T pF 5 . E-mail: songzd@hlju. edu. en

* BISEK & Ao E-mail: jiangwei@. csc. zju. edu. cn

0515001-1

)

H

DI A U R 1 B S A BRSO T e gy TR RO DR M SR IR ER TR
TREE e | H A2 R 8 LA B A L ) 8 22 55 5 Wi DY) R 1Y
FETE . FBON B ST AR5 & 58 WA 22 Al H 45 R TR
B0 A LS 2 45 R B ML g R R B R =R Okutomi %50 42
O WL E ST RS — R R = (s oy AR T AL B A 2 R8Tk T LA 0 )
W LER MBS S BORANE S B (T L E s R R XA T AR e SR R AR . (MRS

SRR SR I A 0 T S A A i fe i A PLACTESEI AR St i IR TR Sbrse O



2 i

HJ 022 b5 ) B MEBE AN T AR 4

f ) — 5 FAL C— I [ 450 1 3 H SEARPLSE R 58
AR RGE R ER ZHPLAR SN E S B T —
A AHBILAN 25 K 06 i 32 Sl L 58 Jr vk AT L v R E
T RS R HE RGN 8 5t HIGESE B st
ARG, ZEBCITEAT LI R A =415 B R
Wt a0y vk DR L T 3 AR R BB AR
[Fi) 53 % 14 90 A 8 0 S ] 80 A Bl D 1) ol ok
FRAL AR A B A [] B 322 25 4 $5 00 A Tl 4 o e A
X I AN [ £ B 010 PR AR AR R . T L A
WS = 4R B A5 B %07 A A O R R
Hf s mem e, ReEEw R . HET
S5t 6k B AL AL B S — Fh R 9 Bl 3 X H
SEARBLGE T BT L e [ I A 4 A R A
BT B AR AR — i PR L BRI R v A AR
HRXPASBAGR BT A TR (9 40 R fa ) = iy 00 i
AT DL = e . (HE B AR AR TE R H LA
WLHE 7 5 B

ARSI LB T — BRI T A AL T B2
(9 5 H 22 W md S A PR B HOR B2 - )™ AR L AT 1
B 22 AT BT R R B4 X R 2 2R R T 9 16 R A
PN 5 AR e 2 20 A [ - T 5 B S )i » 5652 B AL
V5 T 114 AN [ X8R 6 AR AL I 48P i B 2 24
AR AR H Z SR B R R ER S T
M B2 iR R T — A 5 H 208 S R
B G+ AT LB R B = E

2 RGBS BT
2.1 R

B 1oy H 2L A R LA B R
it CCD ARBL ™ A B2 Sk P g = R . =
TP oy R R ) #6926 BB o6 2 P 1 45 4L 80 5 T 49 1)
JE R RIS EL T A 0 R i 2 T T AL oL
VSRS o S B /N T S M AR A B Sk O
2 i S} T I s 11 1Y) L Ol 4R 5 T B S O 2 2L K
M AR Y B A ' 4 5 R A A BIL R T B b ok X
S B TSSO 2 A B AR HILBE R T 174 A 4 DX sk L
AN GE T 5 82 XS A AR . L i R SR B
MBS B iR 2425 X 5ok A
TR BB w3 PR N S A B E R

S5 A G DU ALY T DRI A B 0
5 [ Z I 8(h) T, 43 i % VT e XS Y
S DG 2 B 5 A 0 DX A B T ORI . Pk
DX 3R 5 AR AT LA Dy S v 15 5 ] 30 DX 3 18

wide—angle lens
mirror

Bl 1 R R G5
Fig. 1 Block diagram of imaging system

SEAR MG LB = AR
2.2 EMERES

R 4l V- T B8 B AR R B, — T Y- TR BT LA A R
I —A 5. Bl 2 J2 42 55 & 500 A0 1 i
B, 152 AHBILAR 52 rpt S A A s a5 O AL IR Sl Dl Z
LY TR BT R o bR X R A R AU A AL
O FoR BT ALE L m BERIE A5 bon iy
Feom o WA P 187 JUART 56 R 5 o ke DX 300t oz AH AL AR £
a EALAHBL Oy BIREFf B AL 5543 501 Ky

(m/b)sin y

14+ Gm/b)cos y’ (D

a = 7 — 2arctan

f= 1 (x—a). (2)

O, (y,2) = [b(1 —cos 2y), —bsin 2y], (3)

Hi &l 2 AT LA Y R PR BL A L S AH AL B A A
[Fi) F) A5 0 2 ) 8 28, A 0 1 O H Sz A B T L T
LS = 4] o

optical axis
A A
e optical center
Q e /4~ of virtual camera
mirror 'y (\ 0,
L
. . b
optical axis Z 0/
a (0]
optical center of
real camera

Py

B2 R GE AR T T 1A

Fig. 2 Cross view of the proposed system
[ = e TR OO A o P RV IN R VA R SLE S
Sl IR R it . I 4R % R G ry R
FEEM T — A2 G M FE AU S Z PSR
M RG . SLINRGEH LB RREREEN L,
I HTA “AHL” B A ™M — i S OB R

G A R T RRAE DT IC . 52 B R B AL 22 A T

0515001-2



RIS

LS E AN T O A

2.3 Bt

2.2 Rk, WA o B HE LA BIL B 057 B Al 25
BEBYE PR m AL E 0 Ay i
SR AR S DA AR AL ] 4 e [ A0 A (O I ) = 4
LD A AR B R R B HIAE T
Soe KAL) f 3 [ A0 £ o DA T 452 g S AR 40 5 )
FYEE L E 2 FHINL 0.0, F1 O, BIEFRLAH Q %
7 U B A5 55 B BT AR ME R B e S 0 m b Ry
A IE » S KA L [ AL A 2,

Bl 3 S s 2[R A QB m b Fly ARSI .
B " R m /b, BV IE B % B R F L% Bl LR
LR Q W IR RAERAET m B BUE . K m’
AT AR IR Qo A KW " 3 R B R
AR AR TR, L m” BUE 3, & 3 1)
W24y BUEh 56°.0 A R MH . 2108 437,

80

60

ssss
Gk N

_
< 40t SN —
o N

20| T NI

0 ' : - SRR IN
45 50 55 60 65 70 75 80

y/(°)

K3 E M Q

Fig. 3 Common view angle 0

3 RYihE

Bl 08 28 G (R AR A S 2R A5 o G B8 0 £ 45 2R 1Y
SERBA PR ES B — AR E AR ) 2 A5 4 R
Gt AP B 2 H L 5 Sk w78 2 850R 45 1 AR S
BRI E ) = HNE.
3.1 MHIERELATDSERE

P58 2% G0 8 ARAIL 0 5 Sk A FH iy a0 200 R 47 R 7E
T HE ISR AR AL A A A T 360° X 1857/ it
MRk, B, AE S E0mbr o s iR
i Sk BRI SR B Sk 2 AR T ) R Y 2k 7 1] W AR
SR HEPLI £ B B R EUR 3 S CHD R 5 3505
1) 28 250 o B S5

IR BE Sk A 2 PP R R R BF 5 A RICR
B0 % — % % K B (Unified projection
modeD)"* 1 FEFZLARAY A = Y4 ] g1 %R B
AHAILAR 52 T 5 280 Q0T PO A 20 B8 - 45 B By 35K
5% B BT T B Sk WS RS AR Y A e, BT
SCHRCT4 T8 J7 5 4 2 0 RS 9 B B84 7 A g B

[F] B 3 550 o Pl A A AR R (Co ks ko s ks by s ks s fs
Fosuosvy) o Ho ¢ RBE T A7 48 5% O 1 1Y L &
kis koy kys kyy ks %%ﬁ%%%%‘ﬁ’f‘m fw Uy s Vg
Rk IR A

— B IR ) R e R B Sk (A bR s i —
W AR TGk S B 4 AR B S B RS i b 2 . & 4
T 7 s A BIF 50 4 58 40 15 A - T S SR O 4k L A
B —E 2 0 SR KR B SR E R 2 A
1o T SST JE BE AT R X AR E AR Y 1R GE
TR — A ARAE A [F) 7 b 53 53 4% 52 B A B T
10 b BT AR AR 0 2 i bR o AR R (S 003, 2 1 KA
o JTLA AW GEAE T — A 2 AR B 22 0 3805 1A
b AHBL I BB S 880 S50 T8 T 2 W s i TR AR
(R A A R OIS AR AS R A B 1 45 2R

] 4 S A BIF 50 5 56 FH 266 8 AT 48 00 — i A e AR 22
BB IR G S bR A 5 Ak s A
MZEMG AT LA R B Sk W AR AR R 1 2% X 0
Ry b o A B2 78 it 260 . f8T A IR0
ARALAN A MR 45K AT T hRE s 45 RANTF (8 kys ko s
Bys Bis ks fus fos ttos v) = (1.6988,—0. 06093,
0.18404, — 0.00015, — 0.00017, 0, 871.54278,
868.49105, 791.49429, 595.47177), {8 F b & 4%
F X E 4 B BRGHEAT T W AR IE IR SET T A AR
AR R RN S Fras . HeAE 4 RIS ]

B4 brsE ER

Fig. 4 Calibration image
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(a) Experimental device; (b) monocular multi-view image
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