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A Fast Correspondence Matching for Iterative Closest

Point Algorithm
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Gunhee Shin'*, Jaechee Choi%*, Kwangki Kim'

Abstract: This paper considers a method of fast correspondence matching for iterative closest point
(ICP) algorithm. In robotics, the ICP algorithm and its variants have been widely used for pose
estimation by finding the translation and rotation that best align two point clouds. In computational
perspectives, the main difficulty is to find the correspondence point on the reference point cloud to each
observed point. Jump-table-based correspondence matching is one of the methods for reducing
computation time. This paper proposes a method that corrects errors in an existing jump-table-based
correspondence matching algorithm. The criterion activating the use of jump-table is modified so that
the correspondence matching can be applied to the situations, such as point-cloud registration problems
with highly curved surfaces, for which the existing correspondence-matching method is non-applicable.
For demonstration, both hardware and simulation experiments are performed. In a hardware experiment
using Hokuyo-10LX LiDAR sensor, our new algorithm shows 100% correspondence matching accuracy
and 88% decrease in computation time. Using the FITENTH simulator, the proposed algorithm is
tested for an autonomous driving scenario with 2D range-bearing point cloud data and also shows
100% correspondence matching accuracy.

Keywords: Scan Matching, Point-Cloud Registration, Iterative Closest Point Methods, Jump Table,
LiDAR, Correspondence Matching, Pose Estimation
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[Fig. 1] Relative pose estimation using point cloud registration
and tracking in 2D space
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[Fig. 2] A flow chart of ICP algorithm
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(a) Point-to-point correspondence error (or residual) criterion
associated with the cost function (3)

R
Piz the 7th residual

(b) Point-to-line correspondence error (or residual) criterion
associated with the cost function (4)

[Fig. 3] Schematic diagrams of two different residual and cost
functions: (a) Point-to-point and (b) Point-to-line
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[Fig. 4] (a) Example of jump table (b) Finding next check point
when searching direction is down (c) Exception situation of
existing Jump table-based Correspondence algorithm
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[Table 1] (a) Existing rule presented in [5] to select PZ, . (b)
Our proposed rule to select P,

(a) (b)
Status Plovr Status P oxr
UP | PMr>Plporr| up small | 0< g up_small
UP | BYr <Plypex-r | up_big 0> g up_big

DOWN | PM.r > PE, v | down small | 6 < g down_small

DOWN | PV < PE, oper | down_big 0>g down_big
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[Algorithm 1] Pseudo Code of our jump table algorithm

ICP AlAME = BFARS: €)% w2 Correspondence WA W 377

ij'?MRT 7} ool 7W7kg - bCStﬁdiSﬂ‘ o &
oA ldlolE d
TeEbE ptho g phe) =
Pl o4 180° ojxl Hof) &
i §1J1:].

qui th I:I:L

917) WhEOlEh. -2 Py 7} ool

%ﬂﬂd 0 %74 FIL, Plypex 7t

0] 2 =g Aokt xﬂ?}% k) oty R =

Jump Table-S A-8-8 = it}

3.3 Pseudo Code 2™

19} gkow] ALgH

Fe7h A2 TR 2

312]552] Pseudo Code+= [Algorithm
7]%.9] 2]v]i= [Table 212} 2tk

[Algorithm 1]2] 52

linel: XNE Z
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= Y gl o] BE Ao e B

line 9 : up stopped Z} down_stopped EF o] A ﬁ”

line 10 : T40] T4] ¢ ko] Whfeho &2 Thle)ias A,

line 12~14 : PL, .- o1 EA ol s vk £4%
Hol7} - gko 2 gl 2]

line 24 : best_dis7}min_dist®.t} =17 o} o]t e Hieko &
EAsh= Aol oulst e T

line 2627 : 0,,,,.,1a2 FAKS1 Al 2 28 0] 8-3}o] -8k

line 30~34 : Table 1(1)Z 7|F22 4, .,..., 2] #koll W} ok
oz gas 48 HA.

3=
TE.
A

i

for(each point P/ in PV){
int P#..; double best dis;
int start_index = int( 2;"’.¢ /angle_increment);

1
2
3
4 int P& oun cnpor=start_index;
5 int Pl oo =start_index+1;
6

double dist_up; //shortest_distance_in_up

7 double dist_down; //shortest distance in_down
8 bool up_stopped=False; bool down_stopped =False;

9 while(!(up_stopped && down_stopped)){

10 bool now_up = up_stopped ? 0 : down_stopped ? 1 : 0

11 if('now_up){ //checking down direction

12 if( Pg(?ﬂf’\' CHECK <0) {

13 P own crrsae=0; continue;

14 } /I is the last index of reference point cloud

15 /IWhen PE i o 18 out of range in down direction,
16 1 PE own cnmere becomes ‘n’ to check the opposite side
17 dist_down=| "' P} curscr|

18 //The distance from P to PJ o,y cormere PoINt

19 if(dist_down <best dis){best=P i crmcncs

20 best_dis= dist_down;}

21 /lupdate best point if the distance between checking point and

P is shorter

22
23
24
25
26
27

28
29
30
31
32
33

34
35
36
37
38
39
40
41
42

double A0 = PM.0 - Pl own curpcnc-9

double min_dist = [sin(A0)* P .r|
if(min_dist>best_dis){down_stopped=True; continue;}
// stop checking when min_dist is out of best distance
double 0

criteria

2 R 2 M2
+ Ppowy ezt — Pir

M R
71( |P "= Pponn creci

)

8 2 | PY= Plown cnper | *
// obtain ,,,.,.., angle between line | PM— PE v cirrere
and line P".r
(0, 500000 > T/2)¢
PBown capcx =Tump_table[ PJ oy s [Down_Big];
Yelse (0,0 < T/2)¢

PR own carper =Jump_table[ Pf oy e [Down_Small];
}
Y/ if('now_up)
if(now_up){ // same checking process in up direction

)

} //for each point P
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[Table 2] Symbols used in [Algorithm 1]

Symbol meaning
PY Middle point cloud (M_PC)
P The ¢ th point in M_PC
pE Reference point cloud (R_PC)
PR The closest point in R_PC from current 2/
best_dis Distance from P to Pp,q,
pMp The angle between -x axis and line from origin

(LIDAR) to P

The unit angle of the point cloud which LiDAR
reads

angle increment

start index  |The point in R_PC which starts to search
. The distance from 2 to current checking
dist_up/down . .
point in UP/DOWN direction
up_stopped/ | The index which determines whether to stop

down_stopped  |searching UP/DOWN direction

The index which determines whether to search

now _u ..
P UP direction

PR The point in R_PC which currently searching
UP/DOWNCHECK |in {JP/DOWN direction

Angle between two straight lines. First line from

A6 originto P, second line from origin to Pf ;s
BM.y Distance from origin to 2
L Length of the perpendicular from P to
min_dist 7 . .
P o (Refer to [Fig. 4(b)][Fig. 4(c)])
Angle between two straight lines. First from
0. ritoria P eor to PV, second line from PZ,, i to
the origin(¢ from [Fig. 4(c)])
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[Table 3] Mean value of number of searched points and searching
time in Naive correspondence & our jump table algorithm

Our new jump Naive
table correspondence (L-%g/@ )
algorithm(@) | algorithm(2) ’
The numb;r of 14,178 1,166,400 98.784%
search points
Cqmputatlon 70.1417 584.008 87.990%
time [ms]
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