B ZFAL-REKE Y —0 50D 3 RITMIRFHIE

B B2 Bl -

AT

HORR A FE T IE 90 T
{ vanno, k-hase, ki } @cvl.iis.u-tokyo.ac.jp

Abstract

For a large scale object, scanning from the air is one of
the most efficient methods of obtaining 3D data. In the case
of large cultural heritage objects, there are some difficul-
ties in scanning them with respect to safety and efficiency.
To remedy these problems, we have been developing a novel
3D measurement system, the Flying Laser Range Sensor
(FLRS) , in which a rage sensor is suspended beneath a
balloon. The obtained data, however, have some distortion
due to the intra-scanning movement. In this paper, we pro-
pose a method to recover 3D range data obtained by a mov-
ing laser range sensor; this method is applicable not only to
our FLRS, but also to a general moving range sensor. Using
image sequences from a video camera mounted on the FLRS
enables us to estimate the motion of the FLRS without any
physical sensors such as gyros and GPS. At first, the initial
values of camera motion parameters are estimated by per-
spective factorization. The next stage refines camera motion
parameters using the relationships between camera images
and the range data distortion. Finally, by using the re-
fined parameter, the distorted range data are recovered. We
applied this method to an actual scanning project and the
results showed the effectiveness of our method.
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Figure 1: Flaying Laser Range Sensor and Bayon temple

FZTARIILTHE, 20X 97 FLRS oS bz EAT
T—HEETT A REERE TS, I TRETAHITIRL, b
oo FLRS IZFHE L= FiETIEAR L, —RICHE LM
HET L LU L CGEARRETH D, Lok
MNEIK Z LI Lo TEATE LV OF— 205505708, FFIC
FLRS IZH# L7 T4 A F12 L » CHEBSI L 55, K
12, GPS Vv A vt & AnTIL, ZoO/EBIIND
FLRS 0@ #H#ET 5. FLRS O@ X 2 H#ET HI12H7->T
1, WL O OFIKISEE FToax NEBOER/IMEE B Z 2



FREBALV DT =2 ZObO0bbEEEME L. 20
X5 7B O Bl A R B, m— AL = LA
T 57201, DIIUIYIE & LT Factorization[11][2][7][8]
WL D% b Bz, FIZAEE, EEOVATETLTHD
BRI T O Perspective-Factorization[3] OfiE A L=,
IO L THE SN FLRS 0@ %2 H BT, fiefény
WCEATR VT =2 DEIEEB IR,

AFRSCOMERITLL T O@ Y Th b, H2ETIE, bivbh
DRIHIE % KD B 7 O IZFI A L 7z Perspective-Factorization
WCOWTHHBEICHAZR8 /29, 3 ETIE, bivbhundit
RIL 2P EIHEDT-DODY 774 A FNHEIZON
TilRRD. HA4FETIE, RPEEAL I FRICHT L%
Bl ZORERICHONTIRRD. 22T, AFEEHET 57
W, EIELI-L T —2 L, MEICEELL YS9
LELNIEL U IT—H EORER IR TnD. £ LTk
®iZ, FLoET5.

2. Perspective-Factorization

FPMEHIZ, Weak-Perspective Factorization (Z-2V Tl
L, wiIZZhE b BT, Perspective Factorization ~@
PEARIEIC DWW THLH 9 % . Perspective Factorization X - C
BONTMIE, 5 4 3BT IEMEERE L 72 D O ) HfiE
LLTHIAT .

2.1 Weak-Perspective Factorization

BonEHEBgINIcBNT, £7L—24 (F/&) ICbhbizsT,
PAOKEHMEN N7 vF 73N TND LT 5. KFEHMA p
%, 3 RIEMIR LD 8 ICxhisE LT\ A, [lifg ECORRZER
T, 7L—2aFESITBWVT, FE0S p 13 {(urp, vip)|f =
1,..,F,p=1,..,P 2F > P} ICFEHREN TV B LT 5.

TGOS DA RS upp 2 HWT, F x P D175
U ZEHTDH. FERIC, BEFHEOREL NS v 255
WTC, FXPOITHNV ZEHTH. MBEZGHOET, 2F X P
OBBFTH W 2RO K S ICEHRT H.

U
v ()

WBRE ST f 2T O A TMEE, HREERT
t; &5, F, TOLEDHATOERE 3 SOHAAY
NVif, jp, kp TERT. 20 350OXY MWL, A T FEE
FCORERE 2% LCWT, if, jr IREQHEICETR 2 50
CTHY, kp ZEEICTAT R CTh % (Figure 2 2H).

SIEMREES A TET AT, 3 Rttt U RIZR N T
Sp EREND AL, T L— A f OEBET (upp, vpp) [T S
n5.

f-, . o
urp = ~—ig(sp — ts)
¥
f =0 -
vrp = =35 (sp — ty)
Zf
where zj = k(¢ — t7)
ZIT, CIENT I LEREAEOELET D, HREE
ROFRILE ZICHE L TH— M2 Kkb7e e, ZOELDL

BIFUE, DFEDE=0LT52. 75, zp=—kily LD
W, EXImo X ricins.

Ufp = MifSp + Xr
vfp =1psp+ Ve

An interest
point
Camera )

position kel r R »

The origin of the world
coordinates

Figure 2: the coordinate system: t; denotes the position
of the camera at time of frame f. The camera pose is de-
termined by three unit basis vectors.
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Table 1: The spec of the FLRS

Light source 23mW, 780nm
Scanning lenght 2-252m
Range resolution 0.38mm
Vertical resolution 160 pixel
Horizontal resolution 1800 pixel
Rotational speed (polygon mirror) 2400 rpm
Swing range (swing mirror) -15 - 415 deg
Scanning time 1 sec/frame
Weight 21.2kg
Size (depth x width x height) 27 x 53 x 30 (cm)

\
Laser radar unit
Laser beam (Lara25200)

Polygon mirror

Figure 3: The interior of scanner unit
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Figure 4: The trace of the camera translation.
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Figure 5: Range data before and after the recovery pro-
cess.

Figure 6: The comparison between the Cyrax 2500’s (the
correct data) and the original distorted data (left), and that
between the Cyrax 2500’s and the recovered data.
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