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3D Reconstruction of Outdoor Scenes from Synchronized Laser
Range Data and Visual Image Data
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3. Depariment o Electronic Engineering, Tsinghua University , Bejing 100084, China)

Abstract:  We propese an engineering approach to creating 3D models of oudoor scenes from laser range data and visual image
data. A ccording to the features of TH-3DLCS 2001 Scanner which can capture the 3D geometry and texture data synchronously, we de-
duce the fomulas of registration between laser points and visual points, and give the RGB values of each laser points. We propese a
fast registration algorihm of multiple range images based on the reverse projections, and all range images are aligned into a common
wordinate system. Using the Hough Transform and Fuzzy theory, we classify the outdoor scene into sk major groups including wof,
wall, window, ground, tree, and others, and give a triangulation algorihm. This proposed method has been applied to the 3D reconsiruc
tion of some outdoor scenes; the resulks show that this method can be able to solve the basic problems of 3D reconstruction of outdoor
scenes from laser range data and visual image data.

Key words:  synchonized laser and visual data; registration; segmentation; texture mapping; 3D modeling

. Debevec, et al ¥
.MIT
[5]

CAD . 4 Leuven
[8]

(1~ 31 CCD

Beikeley

: 2003 09 25; : 2004 12- 10
863 (No. 2001AA131021) ; (No. 03008) ;

[



811

5
XYZ, 2
[1a11]
6 Cé GPS g
D Ps e et T
s ,“‘ ;
[12] _'_.‘-}-’0
CCD Cyrax GPS i
________ g
£ "'_./
) 5 ! 4
(3, Canadian Conservation Institute, Canadian Mu
seum of Civilization — National Gallery of Canada =
NRC s 3D Imaging '™, Biris 3D 2 M*’ﬁ)’;; -~
Laser Camera s ..
; (i.)) r
a B, (r,a,B)
[29] ’ x= roosBeosa
’ s y= reosBsina (1
z= rsinB
' ) - 20~ 9,
. ) 360, 250m, 58/
’ 250m. R
' ' (i.j)
> CCD ) D ’
’ 22
TH- 3DLCS 2001
TH-3DLCS 2001 , ’ 3D D
’ 2D 1D
3
2.
Z 0 o, T I0n| X,
I SN I
2 CCD , E r T,
TH- 3DLCS 2001 0. ¢cD =v[ 4 [t @ =
, ,Z0 o L-_—AL.: 5
’ ;EORL B3 BOESTRARRERYERXRE
21 , 01X
1 TH3DLCS 2001 , (2] Ax,
CCD . , Az. (x/m Z/L') P Zc0X ¢ ;(x/ A
: Z) p 20, 0 p 2o
CCD \ » f CCD v p
CCD o f _
CCD ’ ’ Zoox. Ai- Ax (2
/o f ’ f(AZ— z l)
B zZ 0= x/ ~ Ax = = xll— Ax (3)
z 0= v/0Q, Qg , R
- zlz— Az
TH 3DLCS 2001 v=for T (4)
o= s, x/w— Axv = &zll—sAz 5
S (
’ »  sAz=ay, 5= az Az= a3, s
( , ) - a+ azz/1+ aszv= x/lv (6)
X0, Y0, 20/
: (6) ai,
Line CCD Rotation Platform azz/ - a
(@ %), Bl | TH-3DLCS-2001 =3#E BT az a3 , , Ll e (7)



812

2005
.2 1= rsinB, & ;= rcosB. ., q p/
(7), 3D 2D
> RGB §
3 T=[Rt]_—~ B
- 2 5 m X
B ) !( -+ .:{'\ : -
(Icp) ™ : (wh)V A
5 e '
(ICP) , M4 RmENNalteENErEN
33
31 >
:3D 1D
Si Sy, 51
’ ’ ’ $2, p/ p € S, $2 s
(51 52) S1, S, (‘11)652 o
pP= (x:ypﬂ Zpﬂfp)eslacp P ES ’ ’ 3
. p S5 g€ S, . ](ifbhd(z ) Tn ( (j (o.8)
2 . TpH-1 q > ptg)=1(o,n), o
r“(p,S2)= min(p- C, - 8
(p.S2) 7652(11 9) €y (p=4q) (8) Nbhd(q) a . N
. 121 Nbhd(q) cv, 3% 3
32 V=" 2 (y-0)O(y- o) (12)
3D p=(x(isj)v(i,j),z2(i7)), (1 YENbhd( q)
(@i, ), 2D (ij). © :
2D . M cv , NP IVP I
S» T=[R.:], VpES, S» Vi, V2, V3. .
: p=Rp+t 9)
(1) » 52 (d.B), : s v3
s s1 52 (ds]mm~ . )
it 2 slmln, slmﬂx 2 2
7 5 5 )\3
Aenerlepmin= max(q‘zmi"’ a ‘1'"i") . , A< threshy, g
A gverlqpm ax= mm( axzmaxa a slmax) o [15]’ z= 0— [(p’ - 0)' ﬁ]ﬁ (13)
B(x;erl(pmin: maX( Bszminy B slmin) ( ) > P q P q z
B, —minB. B, Ny 2 threshy, Nbhd( q;) . q
pma 5 5y p, g ( thresh =
> (aszmin“' aszmax; Bszmin"‘ Bszmm() S$2 0. 008) .
B (awerlq)min"‘ amm’lq)max, Bm,wlqzmin ~ Yoerlp max) 34
S S2 P p $2 Sy Sy,
s P/ E (aoverlzpmjn ~ aa;erl(pmax; Bu.‘erlq)min" S1 52
Bm:m'lapmax) 5 4 5 S$2 P/ (1) ;
rs2 (w, h). (2) ; ;
sy TS , S» (w, h) (3) ’ ’
xm (4) : .
b p b 2
r(p ., So(mx m))= EgIr:in )(q— p ) lg- P ) (1) min Z(ﬁbi*’ L= ‘Ii)TCpi(RPi*' = qi) (14)
1 €S, (mxm f



813
(5) ,
4 i ’ . . .
. (pi) 8 sow( i),
1 ’ =12, ..8. w(i,j)< threshy, thresh, , Di
i ’ €p;. G1. G2, o G GiN G= ©
, 1 (2) ,
’ 42
;:(3) , ,
, ;(4) . '
125, %] 2D s 2D 3D
127, 8] , 2D 3D R 2D
3D )
’ . mX n 2D
41 (1 ’ ’
d!/rex/h
’ ® dﬂlrmh, N
® d thresh d thresh >
, 4 , 6(a),
411 (a) )
5 thresh »
, z= (x, ¥0), o
Hough li= ax+ b, a; ' ' |
Lu.'- lu’ N 5 ’ 4 ’
s lu' N luv ’ ’
(1);
(2) ,
’ ’ ( . 0 @
’ ’ 6(b)).
. W€le d] , . © o
41 2 thresh
' 1.
W
2 0 M L
' ? Qutlies
Scann H .
(n)  (p) : : o o | LR
'\' h‘.l'l. N
e
8 ( ) N
w= {w(i,j)lj=1,2 -8, 2
Y !
. A B, A B Up(A )€ s B (b)—lm}!ll
[0, 1] , w(i, ]) = min/ Y (])’ ®5 ‘%a%ﬁﬂﬂmtm He =AaMR ,
uj( l)/ ’ ’ dlm’xh s
. Lf(i)= f(j)]
)= 1- — b 15
=) (15) )
L Lf(i)= f(j)! ) i
(i) | 1- o HEEZHIL (16) , (.
a/90, 0 a< 90 (17) (3) 1 , 2D
a=
1, othewise 3D s
- p 3 5
; e Z(f, N Il P- P] < r (18) (
h =
0, othewise
, = acos( m* nj) % 180/T )
LN Pi- P Il ER 7 . 1 a)
2% P 8 KH) a0 7



814 2005

(d)
8( a)
) 8( b) mitlics
X a) (o)W M= (YR
. 9D N a)
. o)
(] 897 () 0 T 12 4 T i
10( a) M7 e = N S
3D . 10( b)

-

(a) LT ER (&) & IO ]
M8 o) O A

(@) T LW

(@) MR EA UL AR (&) NEAR AB 7P M) MUE A4 W

(b) MeyTRiesr)
M0 AR S 3D LR
6
TH 3DLCS (e) RETTHIMST )R SEALEY — 6 Sl e &
2001 ’ Mo EHL = A A
[ 1] ZKinm, et al. Automatic description of buildings with ©mplex oftops
from multiple images[ A]. Computer Vision and Pattern Recognition
, , [ C].Kauai,2001. 272- 279.
[ 2] S B Kang, R Szeliki. 3D scene data recovery using omnidirectional
multibaseline stereof R]. Cambridge Research Lab: Digital Equipment
Corporation, O ¢t ober, 1995.
[3] ) . 3

[J]. ,2002, 31( 1): 54- 59.



815

[ 4]

[ 5]

[ 6]

[ 7]

[ 8]

[ 9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[ 18]

[19]

[20]

[21]

Debevec P E, et al. Modeling and rendering architecture from pho
tographs: A hybrid geometry and image based approach[ J]. Canputer
Graphics, 1996, 30: 11- 20.
MIT City Scanning Projed: Fully Automated M odel Acquisition in Ur
ban Areas[ DB/ OL]. http: // city. les. mit. edu// city. hitml, 2002 09
18
Visual Geomery Group[ DB/ OL]. hitp: // www. robots. ox. ac. uk/ ~
vegg/ ,2004 09 02.
Marc Pollefeys. Obtaining 3D models with a hand held camera[ A].
Lecture Notes SIGGRAPH Course[C]. ACM SIGGRAPH, 2001.
[OB/OL]. http: / /www. whu. edu. en/ en/

cyfz/ qyjj. htm, 2000 1F28.

4D Digributed Modeling and Visualization[ DB/ OL ]. http: / /www-
video. eecs. berkeley. edu/ vismuri/ murindex. html, 2002 07 17.
Huijing Zhao, Ryosuke Shibasaki. Recorstructing textured CAD model
of urthan environment using vehicle borne laser range scamers and line
camers[ A] . Intemational Workship on Computer Vision Systems Pro
ceedings[C] . Lecture Notes In omputer Science, 2001. 2095. 284—
297.
Huijing Zhao, Ryosuke Shibasaki. Reconstruction of textured urban 3D
model hy fusing ground based laser range and CCD images|[ J]. IEICE
Trars Inf & Syst, 2000, E83 D(7) : 1429- 1440.

The AVENUE Project of Columbia University| DB/ OL], hitp: / /www.
cs. columbia. edu. en/ robotics/ projects/ aveme, 2005 0F 28.
The Digital Michelangelo Project| DB/ OL] . http: / / graphics. stanford.
edu/ projects/ micl/ , 2004 08 15.

Visual Information Technology Group[ C]. Canada. hitp: // www. vit.
iit. nre. ca/ VIT. html, 2002- 02 10.

P J Besl, N D Mckay. A method for regisration of 3 D shapes| J].
IEEE Trans. PAMI, 1992, 14( 2) : 39— 256,

Y Chen, G Medioni. Object modeling by registration of multiple range
image[ J] . Image and Vision Computing, 1992, 10( 3) : 145~ 155.

A Johnson,S B Kang. Regisration and integration of textured 3 d data
[A]. Intemational Conf on Recent Advances in 3D Digital Imaging
and M odeling Proceedings[ C] . Ottava, Ontaro, Canada, 1997. 234—
241.

K Nishino, K Ikeuchi. Robust simultaneous regigration of multiple
range images[ A]. In ACCV2002: The 5th Asian Conference on Comr
puter Viion Proceedings| C] . Japan, 2002. 454- 461.

C V Stewart. Covariance Based Registration| R]. Department of Comr
puter Science Technical Report RPFCSTR (2 8, Rensselaer Polytech
nic Institute, June 2002.

Y zhou Yu, et al. Extracting objects from range and radiance images
[J]. IEEE Tramsactions on Visualization and Computer Graphics,
2001, 7(4) : 351- 304.

Y Zhang, et al. Impact of itensity edge map on segmentation of noisy
range images| A]. Conference on Three Dimensonal Image Capture and
Applications 11, Proceedings[ C] . San Jose, Ca: SPIE, 2000. 3958. 260
- 269.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

H Hoppe, et al. Surface reconstrudion from unorganized points[ A ] . Proc
SIGGRAPH’ 92 Proceedings[ C] . ACM SIGGRPAPH, 1992.71- 78.

P K Saha, et al. Scale based fuzzy connected image segmentation: Theo
1y, algorithms and validation[ J]. Computer Vision and Image Under
standing, 2000: 145- 174.

Prabir Bhattacharya, et al. Houglr transform  detection of lines in 3D
space| J] . Pattern Recognition Letters, 2000,21: 843— 849.

G Tuk, M Levoy. Zippered polygon meshes from range images[ A].
SIGGRAPH ¥ Proceedngs| C].ACM SIGGRAPH, 194.311- 318.
V Sequeira, et al. Automated reconstruction of 3D modek from real er
vironments| J] . ISPRS Joumal of Photogrammery & Remote Sensing,
1999.54( 1) : 1-22.

B Curless,M Levoy. A volumetric method for building complex models
from range mages| A]. SIGGRAPH’ 96 Proceedings| C]. ACM SIG-
GRAPH, 1996. 303—- 312

I Stamos, P K Allen. Geometry and texture recovery of scenes of krge
scale[ J]. Computer Vision and Image Undersanding, July 2002. 88:94
- 118.

[R]. ,
, 2001

s 20
. Email: hangaw@ 163. com.
, 1972 s
,2001
, 2002~ 2004
30
L1960 4 9 ,
L1988 3 ,
1992 197 198
,2000 7 83



