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ABSTRACT

3D registration is a computer vision technique of aligning multi-view range images with respect to a reference coordinate system.
Various 3D registration algorithms have been introduced in the past few decades. Iterative Closest Point (ICP) is one of the widely used
3D registration algorithms, where various modifications are available nowadays. In the ICP-based algorithms, the closest points are
considered as the corresponding points. However, this assumption fails to find matching points accurately when the initial pose between
point clouds is not sufficiently close. In this paper, we propose a new method to solve this problem using the 6D distance (3D color space
and 3D Euclidean distances). Moreover, a color segmentation-based adaptive sampling technique is used to reduce the computational time
and improve the registration accuracy. Several experiments are performed to evaluate the proposed method. Experimental results show that
the proposed method yields better performance compared to the conventional methods.
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Fig. 1. Flow chart of the proposed method
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Fig. 4. Color distribution of the reference point and the
candidate point generated using neighbor information
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Table 1. Rotation error, translation error, and computational time according to different threshold values and number of samples

Graph-based segmentation threshold

data sample 0 50 100
= Rot. Transl. Time Rot. Transl. Time Rot. Transl. Time
(deg) (cm) (sec) (deg) (cm) (sec) (deg) (cm) (sec)
100 0.52 0.65 7.69 0.66 1.16 3.65 0.82 1.66 3.04
FR1 500 0.53 0.66 9.28 0.55 0.76 4.60 0.59 0.89 3.96
desk 1000 0.53 0.65 941 054 0.70 3.89 0.56 0.78 4.39
1500 0.53 0.65 9.39 0.54 0.68 484 0.55 0.74 4.70
100 0.52 1.55 12.58 0.71 2.19 2.53 0.88 3.07 2.15
FR1 500 0.49 1.73 19.30 0.57 1.50 3.65 0.63 1.87 2.81
360 1000 0.49 1.77 19.24 0.4 1.40 4.46 0.61 1.63 3.26
1500 0.50 1.75 19.14 0.53 1.36 5.07 0.60 155 3.66
100 0.22 0.24 9.06 0.35 0.68 3.59 0.52 1.14 243
FR1 500 0.21 0.24 11.90 0.24 0.36 5.23 0.32 0.60 3.38
floor 1000 0.21 0.24 12.03 0.23 0.30 6.14 0.28 0.46 3.83
1500 0.21 0.24 12.10 0.22 0.28 6.59 0.26 0.41 4.07
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Table 2. Average error per fame in FR1 desk
Rotation |Translation Time ENEEE
number of
(deg) (cm) (sec/frame)
sample
Nearest neighbor 1.12 1.45 1.74 229373.18
Standard 6D 0.64 0.68 5.56 22937318
Proposed 053 0.59 2466 | 22937318
(uniform)
Proposed 0.54 071 380 | 17283644
(segmentation)
Table 3. Average error per fame in FR1 360
. . . Average
Rotation | Translation Time
number of
(deg) (cm) (sec/frame)
sample
Nearest neighbor| 1.74 1.37 456 243563.34
Standard 6D 0.63 2.32 11.57 243563.34
Proposed 051 2.07 2429 | 24356334
(uniform)
Proposed 058 152 470 | 140177.19
(segmentation)
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Table 4. Average error per fame in FR1 floor dataset

Rotation |Translation Time BTG
number of
(deg) (cm) | (sec/frame)
sample

Nearest neighbor| 0.59 0.95 0.43 253725.82

Standard 6D 0.29 0.50 5.33 253725.82

Proposed 0.24 0.36 1766 | 25372582

(uniform)

Proposed 025 045 615 | 175412.14

(segmentation)

227k 0.24°, °lF A7t 0.36cm, AXEETL 176627 7]

2o dnZERT NHE BHES BT o A Ao
NE gag & gfo] w5 AEY s A 2 o)

el e AR SRellA 6156%%
of 287 A= NAEASS HolErh o] A3 AdtdA &
T ol 3adH 5Ho] A9 gla o] dRERE
Eehal & E=EolA Aljkd ol A Hes B
=tk

] AFe T 2 =AM AlG W] Ve da
ZlFEo vle] Zy ke Wk 2 dolHoAME 5ol
b Aol 3Akl A 54 8 Aol dRRE HolHAA R

(d)

Fig. 11. Registration comparison of different algorithms (a) Target scene (b) Closest neighbor
(c) Standard 6D (d) Proposed method
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ehe] S Alokze T0°, 4 Aok 6070l

st Zedg oM F 300ZH el st o
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Aelg ol & Aom HH o]l HlE FA A7}
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=
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 EwdlAE 6k Aok AYRE FAEE o837
Aee d&d FARes S 719 33 A V1<
des MAdsks e AgAT WA 63k AE ol&
sto] o4 FEE FAstl MFEE FAEE HIE T
 HFEAA deHS AAPH ol MFELE frAEE
Solgk welE olgste] MHAMCR Ay sAw &
wio] Algtate W ALt Eidsty] el 71Ee W
el vls) B2 Agto]l Aagr olE SEshe wWete
A 22 VI 489 AEYS olgste] Atd U
o] HEE AT A e 2= v 22 O
o7 oS gt 74 e FARR AEdE o
g ol Adeidt A& o} 99 A7]E dAs= AR
< Ade FE Lopdth ¥ =ielA Albg W] A
geletr] fel ASE dHeolHE AREste] ddsiln. A9
= Tl & =EellA ARk o] 71E9) 3xkd ARER
O Aol FENSS Btk 53 Zeqiztel wE 2
dlolefete Ao Fx7b theksivdd A4 des B
F s v A Fd 2 F doldh e A
w8 7| Ay AEFe FdE RGB 938 Aol o
FokA A HW HAAY Ase B wE 5 ok @
o= o7 A wetste] Actd WS Bk /HA
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