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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.

Keywords : Iterative Closest Point(ICP), 3D Registration, Color Segmentation, 6D Distance
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Fig. 1. Flow chart of the proposed method

% SRS ol g3t} Pare)
A% Wde 99 Q77 AR, Aggns A
& $UF e B AYE olgstel tled HAL
2o A% ?7} g1,

HE o]&slo] o] A (pseudo color)s Fsla ol& &
3 des MAdstEE dTARIE Ead vt givH14].
T 2/ ATES B9 AR E 33 FRRE o
&M WA + gld A9HLsHocal minimum) EAE
Azt 7S & 5 drk AR olH g WP
HAE ARG o] o] wjite] Mido] 22 sjHoR nk
5E A9dde gugF Aol AstEe A vk 2 =
oA ol FAMES Asr] A3 HeHdSs BT o
644 (6-demensional) A2l¢t AFEE FALEE o] &3
Fig. 12 £ =&olA Alkstes WHoz goksid thgd) 2
th. ¥4 RGB-D AlAE o]&3to] RGB 9743 Zlo] J4&
53}l oju RGB A4S 7H-A1¢oF ZE|(Gaussian filter) S
AE3 T, o] GAE o A dodor Lt 3
F9E VMo Ay AEYS ALt A& A

2o B Rl AYEE 679 AL ALRE §
AEE ol g8 T B el ts) avhah 3ol s
24 2ol e A5 e A% AEY el
el 71w 4ageld 9e Fa B el A% A%
ek 5ol AR 2 BF AT Pl s J1Ew

ICP 7|¥he] duglHEe
& o]&3stal H-&3r(cost functlon)i %3}"4 /\é——'é‘
MAs AFEo] giFRolth X% 3xY
S ggHoRe AYgHLrs BAE 3H7é<>}—‘5fﬂ SAZE 9L
tH15]. Johnson® Kang[9]o] A703F 6314 AdE O]%a
ysd gAe Ay A7re 33 A 2 A fA=
Hwste] di-gds g T ojgje Mol ¥
3L A”et Aol fFAFsE Hol g EAsttd A g
S gl ojy o] gtk 53] Fig. 2a8t #eo] 3%

!.:
nki
"
o
>~
m%
=)
w
_>,L
.\_4
_\.L

e, rsL' oy m

(a)

(b)

Fig. 2. Corresponding point search algorithm (a) Point-to-point algorithm
(b) Color distribution-based similarity matching algorithm



ICP 403

|

s

o

_ T P o H E 8 3 L
a - — = = 0
STRIRT LS S
a =R ﬂAI;.eM = = rm e
) T e ) o
o ) £ N — iy
N g8, ~ . iy T o Iy T oY SIS
§ 28 ﬂrﬂ_rwaa Uy n
283 T W mo = & W My
aS.VmW ~ P =0 ZU‘W ,..I T &~ & _k7_|
o, o~ ! = \}L = q] .
Ht% S m ﬁi‘lr ‘:1_ HI =) ip = .0 ‘UI
S8 T el Ay < | = 2 =
To . oy B R e . _ Mo e
< Q o <o oo ISy < o =
£ § g B ow T o = = SRy
S, b o 5 ey
m.md =2 X mrtmﬂMM mrt o M = I'= <8 o O
78 2 —~ o ) <0 o N I | o0
g7 = Il TR < - Mo = N
8 2 F X g MT N = = L R
< o~ - o
% u ST TR LT 5 5 AR TR
© e oA e e D o = Y _mqﬁ S s
~ S 0 5 =o o - 1_M )
o0 _|._..|_ oy \G.Hmﬁuﬂmﬂ_ﬂluma = oo _m _I;m VH d_.ﬂpﬂ_,mu
5 wm T Ae S g W R I [ ISR
e S oF do Wn R o ° - qu =) Mp M% .
= 3 W F ooy Tk = = U
J E Homppres P @ Pog e
E .8 € Mw w B oo § MW W | < a
= — — =0 —_ —
2R s L RTExTa N Fog z %
£% . 3 DT IS SR N K=V R~ RS S o
<3 2 R ®w W o 8 T =
- T e
S =
2T 8
=
mmwm ﬂmoﬂowtogo _#o#ﬂﬂnﬂmﬁiﬁmﬂﬂ dmmmmnuﬂﬂ k%ﬂmﬁww
s 2 o T M T T oo of wr EE 5 = % 7 o U
232 £ ° BT Ly L= - ,
25T S = 9 =n o o & = mm S R o
S5 3 Wb m B TR worw B ﬂv@ aummynur
< ° £ w R do ﬂﬂ]ﬂmﬂztm?ﬂ TR T R T oz P °
&) 8 of ) %ﬂ o o © T o ~ wm = Wf ~ v oo T mo R AL
2 g gm_w w5k &k s Pl EEsw
2 Toaaml ox T CW T oy T S e e Y ST
- m = T “mu MUA_H =t Hbr G IN M NN = ol == WW ™ ™ oy = o~ ML m o %/
3 S NUORT R % = o B=|
P S Fiop Ipriiycy HoezfL Sagisy
o) X i ojo ~o o i S| = o - — i
w W s eﬂ#a mﬁ_ = op W_. <ok o o " do TH Wm T SR
= X = = T 7 H S
E, o QW%W @W%Aﬁﬂummﬁ oo ® L .,ﬁmm%%
Q [sp) L_ ) oS == 1 o ﬂ.l i
s g o o T — do B~ T o T = q%%%%duiwue_aﬂuoﬂ
g7 i RO ﬂdr.o_sxn@ﬁrm%ﬂ. o) u%mﬂﬁadgi&ﬂ o
£ TR pElwd gy g *EIY BT T
58 n_rmzﬁmMmaﬁﬁ,_Aszﬂﬁ6maL Ormu%mﬁmﬂuW]LéovWiaﬁ
S oo FAENCS PR RGO r X B T =~ I N o © Mﬁ =
S g __mﬁﬂor?o e B = %ovﬂm,@ s w4 o fipd By B o
g * L R NN A O R ﬂumﬁmrfhwn%ﬂ%%
—_ [ - =< : . S — ©
E zoﬂﬁlﬂuwo%{wﬁmﬂ ﬂ|2§q.o| e MMrmﬂuoqu%m_.A =
g O R E oy e P - T F % OO o o
UM N .= ™ oo oS98 Sy o~ _n_hAu RO o#a |2 A Lt ol = % o
= ooy L e~ = Bow 2 X Nl S e =
= o [calnis o o = — X N o o it g
& ® o o = W o % I N " q o do Zo o) W T o Mo
9T RE oo R’ ppo ook R e N T T Moy w O R =T N F N

1

ke
w

shar A A

S

o]gk Eall(singular value
F ARG AYAA =4 v

=

p—

2

[}

7k o

S

=

=

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 0.68 359 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 ENEEER
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 0.71 380 | 172836.44
(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 2499 | 24356334
(uniform)
Proposed 0.58 152 470 | 140177.19
(segmentation)
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FR1 360 dataset (a) Rotation error (b) Translation error
(c) Computational time
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(a)

(b)

(c)

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)
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Fig. 11. Registration comparison of different algorithms (a) Target scene (b) Closest neighbor
(c) Standard 6D (d) Proposed method
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