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Scanning from the air Model image (distorted)

Iteration

Distortion
Correction

&
Alignment

Deformation
Alignment

Scanning on the ground Scene image (accurate) Final 3D model
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0 3.1: CYRAX 25000 O

Device name CYRAX 2500
Supplier Cyra Inc. (USA)
Scanning length 1.5-50 m
Resolution of range 4 mm
Resolution of direction 60 u radians
Sampling rate maximum 1,000 pixel/sec

gbogoboobboboobooboobooboobo
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0410000000

0 4.1: LARA 252000 O

Device name LARA 25200
Supplier Z+F Inc. (Germany)
Light source 23 mW, 780 nm
Scanning length 2-25.2 m
Range resolution 0.38 mm
Linearity less than 3 mm
Temperature drift less than 2 mm
Beam diameter 3-4 mm
Sampling rate | maximum 625,000 pixel/sec
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Swing mirror |_
\ —

\
Polygon mirror \ Laser radar unit
Laser beam (Lara25200)

042.00000000000
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042:00000000 (FLRF)OO

Vertical resolution 160 pixel
Horizontal resolution 3,600 pixel
Rotation speed (polygon mirror) 2,400 rpm
Swing range (swing mirror) —15 deg - +15 deg
Scanning time for a frame 1 sec
Weight 21.2 kg
Size (depth x width x height) | 27 cm x 53 cm x 30 cm
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1 N M
E(p):mz ZP(Zij (p)) - (5.1)
T
oo0 p=(tQq), (5.2)
Zj (p) = R ()% +t—yij |, (5.3)
L 2
p(zj(p)) =log | 1+ 52 (p)" | . (5.4)

N:Oooooooog,
M:OOooogo.
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0000000iI00000000y;; 00000000000 j0000000 x00
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000000 E(p)0O0O0O0O0000D00000D0000000000 pepr000
goo

Popt = arg nginE (p). (5.5)

ooboooboogoooobooboobooooooooobooobyobooobooooD
gboboboooobbooogon

JE 1 N MJp(zj) 9z
dp NM-1)4 ; 0zj  dp
1 N M 0z
“NM-1)2 EW(Z.J)Z.,a—p, (5.6)
1 9p(zj)
000 w(zj)=—-
W(ZU) Zj o"nzij

0z
JDDDDDDDDDDDDDDDDDDDDm(DDDDDDD)DDDDD[19]DD

ap
gobbboogoobbbuooooboo

JR(Q)X;
IR (@)% — 2C(x)=2C(x)" (5.7)
aq
ai
0000000 C(x)0ooooooo
0 -a a
C@=|a 0 -—al-: (5.8)
—ay ax 0
ay
000 a= |a|,
a

gobgobbooggbobooooboo

axb=C(a)b. (5.9)
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0z (p) d (R(q)xi +t—yij)
3 :2(R(q)xi+t—yij) ap q
_ 2(Xi —I—t—Yij) ' (5.10)
—4x; % (t—yij)
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g(v); =X — TV, (5.11)
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p=(t,q,v), (5.12)
zj (p) = [IR(@) g (v); +t—vij|[% (5.13)

000000000 G.aogooooooooooooooo

9z (p) 9 (R(a)g(V)i+t—Vij)
o~ 2(R@OMW)i+t-yy) ap .
2(9(v); +t—vij)
| —Agvyx (t-yi) | (5.14)
ag(v);
2(9(v)i+t=vij) —
000 dg(v)/ovO0 00000000
. <ri 0 o)T
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(o 0 ri)
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Algorithm 1 SimultaniousRegistrarionConsideringParametersOfMovement

input: DataByFIrf d
input: DataByOtherSensors B {d; |i=0,1,...,n}
input: InitialParametersO f PositionAndVelocityForFIr f Data
pc = (Re,te, V)
input: InitialParametersO f PositionForOtherData £ {p; = (R,t)|i=0,1,...,n}
output: AlignedPositionAndE stimatedVelocityForFIr f Data
Pe = (Re,te, V)
output: AlignedPositionForOtherSensors
P ={p=(R.t)|[i=0.1,...n}
local: KDTree= {kdt | i =0,1,...,n}

repeat
KDTree< MakeKDTre¢P,D)
forall i=0,1,....ndo

KDTre€ < KDTree— {kdf}
pi < MinimizeErrorFunctiorip;,d;, KDTre€)
end for
p; < MinimizeErrorFunctioripe, dc, KDTree)
P < ChangePositiofP’, P)
pc <= ChangePositionAndParamet(gy., pc)
until ErrorFunctionConverged
P<=P

P < Pc
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Algorithm 2 MinimizeErrorFunction
input: RangeData d

input: InitialParameters p
input: KDTree
output; EstimatedParameters ' p
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