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Planning of Safe and Efficient Local Path based on Path
Prediction Using a RGB-D Sensor
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Abstract: Obstacle avoidance is one of the most important parts of autonomous mobile robot. In this
study, we proposed safe and efficient local path planning of robot for obstacle avoidance. The
proposed method detects and tracks obstacles using the 3D depth information of an RGB-D sensor for
path prediction. Based on the tracked information of obstacles, the paths of the obstacles are predicted
with probability circle-based spatial search (PCSS) method and Gaussian modeling is performed to
reduce uncertainty and to create the cost function of caution. The possibility of collision with the robot
is considered through the predicted path of the obstacles, and a local path is generated. This enables
safe and efficient navigation of the robot. The results in various experiments show that the proposed
method enables robots to navigate safely and effectively.

Keuwords: Obstacle avoidance, Mobile robot path planning, Path prediction, RGB-D Sensor

.M 2

2 AT 2Re ] B4 GolZo] EAehs &
A2 870l A1 0] o] 2757 k. Ao WA F
qo e Jolg 9157) e oA AN, 28 4K, 2
B2l e A, 7] 9E Sl AN AnE ea golz A
1251 ol % 33 A 2 Aol ek thekat €17 7) Aok
Ak,

ol AEL A o)A 271 Z Bo] o] ek,
o] A= 7ol B, Bl thk 379 A S Al E)A) ek
ol itk weld 87 AnE o agdow B85
9N5to] H ol FANAE 7)o 2 3 ol & 7% 7] ol
ChFsbAl A7) 1 9k A AN & o] 83 ol g 71E

Received : Jun. 12.2017; Revised : Apr. 21. 2018; Accepted : May. 9. 2018

% This research was supported by the MOTIE under the Industrial
Foundation Technology Development Program supervised by the KEIT
(No. 10084589)

1. Mechanical Engineering, Korea University, Seoul, Korea (younggod91
@korea.ac.kr / anakin722@korea.ac.kr)

+ Corresponding author: Mechanical Engineering, Korea University,
Seoul, Korea (jbsong@korea.ac.kr)

Copyright©KROS

2 AR ZRE o Eo] f-Aof U3t 5 & FE31A
w58 S48 A gtes i o2 e e ol
Sk 7|HES APl S5EA] ¢k Aol &S AESH Aol
ol a1, 37 9] Fgks ol Whi=thyo] git)

A& Fo &S 183 3|94 2 B4 G181 ZE artificial

potential field (APF)*!, dynamic window approach (DWA)™,
vector field histogram (VFH)®' 5-0] git}. o] W &2 -84
o2 AREE Aol 39 7oA, Aollze] dA $1A]
B ol83iel A2 ANE PYHRR 52 Lol o)
WG Y 7} s e 9 RE AUk o)
ok oA 258 4%, 819 o] ohits] o5 i
AA 22 RSkl 7hs/d o] Qlat, o=
RS AEAA 2R SE ARSI A
, EAR FE oA WhEth ol g T4 % OH%J
3}7] 13l BackgroundSubtractor'®'e} -2 7HE
1 ARISISIA B, A 2ol 483

AypHo g B

==

ko

(&3
° rulo O g o

2 AN E 7)E ellE 3y W] TAE S sl ds)
7] 3l T4 ol Eo ol 5 AR 5S A eI e HE
w8 Aottt} o] Hh2 2] 7}e] RGB-D AlA] 3lLbRkS A}



122 =333 =522 #1338 A23 (2018. 6)

ato] o=l e A& FdstaL, FAE Gol=
o]'5 74 gk AlX+ 2 probability circle-based spatial search (PCSS)
71H& ARbe] & A o] FollEe] o] FHEE A5dTh
ol 54 me 2RI 5= 7S o sk Hlell A
|HH, 2RI FE:o] dldH = el o] AR = SE
B g &3l F2]H]-8(caution cost) %—’F FAJgict ol
04 8= JLal o] A2 H|-go] 3 8o 7 Zr}w] o], Ao
9] o] TA S g A1 A& A4 B Kanayama A|o1 & &
3 2o] Foju| et e 1l 1 ez} 9138 X4 3te 4 Tk

2 AT-e] 7]of = vheat 2tk 1) a7ke] glolA A& AL
|3H4] 2L, A71] RGB-D A4 HekS €-8-ato] w2 a1
g o3t Aol Eo] &3 F4 o] 7hsdith 2) EF el
A YIANRE sk Alo] opuet A 23 vl o] PCSS &
NEFE AL FollEe] o] s S e AR A

l
ﬂ%@%%ﬁﬂ@%&ﬂaﬂﬂaﬂmﬂ Folul g g5

g0z nael e 9ol A1, £EA P22 A4
el 54 golo] S ke B 4elA1S) 0

s,

/i
tlo
o,
N
N
ol
e
N
he)
%
O
00
(o
102
juei)
o
4
09:
L)
s
W
o,
9,
R

i ghsto] ARE-gITE WA [Fig. 1]9] (a)2h o] H7,

AL AE2 AR A /el A [Fig. 1]9] (b2 % *3— A
HTAE At o= SRk A o A8 H o [Fig. 119] (o)
o} o] Hlszgt A S 7] v 84 B Aelle el e
7Fs8HAl ek [Fig. 1]19] (c)°ll ContourE- 4-8-5l ol &5
1, o] & 4k Aol LER A3 [Fig, 119 (d)o) 2.
{:Xﬂa”“f: g, w7t A8 Aol & of
A
2 0] AHgHITY,

i

[

M 18 oY
lo 2

>

N

o

rlo

ol o

<2 5

m{n

o,

of
ol
=

A1l el Go] S1ch Thel 2

o &-2] 9]*]4 K ol Hungarian &312] %mﬂr Kalman filter™ =
g8l =3stich
Hungarian €385 3 F

= 1] gL ] A B njuE
A5kl Fghs she darglFolth & =ielAE d54
o= 7ke] A& o] &g v]&3rE A5kl ID A=
&atara} gtk ol & 5o, [Fig. 219 W, A=, 5 1eh] =2
¥ 52 FolEo] A7 AlZE Bt S}t wkakol] wht 9]
7F S 75, 7 91| 7ke] A (distance, D)E AFEHE 3
of gt} o] AL v FFF A DR T4 el e o)

& A7) e 7P Rk meA, [Fig 2)e] W8 geilA
Hoths 7 e A7 wd e w2 el Eolekal A ela)

||\
o

o&i == ﬁ B >

=N
q 22705 Hungarian Yal2]FolE E-8laL o A3] &
T A 2ARS BAE] Adl E AelA Kalman

o

St} oS S0, [Fig. 312 (a)2] A%,

it
gim
o\:om

Contour line

(d)

[Fig. 1] (a) Depth image, (b) contour extraction, (c) separation
by contour, and (d) detected obstacles

o> Rl

[Fig. 2] Concept of cost matrix



RGB-DAIA 7|9ke] A = o] 55 2|85 bdstar 582

ID matching ID matching

(b)
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[Fig. 13] (a) Test environment and (b) the grid map
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[Table 1] Experimental results of safety experiments
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[Table 2] Experimental results of efficiency experiments

No. of safety distance violation Improvement Traveling time per path (s) Improvement
Cases Conventional method PCSS rate (%) Cases Conventional method PCSS rate (%)
Fig. 16(a) 41 31 24.39 Fig. 17(a) 022 355 15.8
Fig. 16(b) 13 8 38.46 Fig. 17(b) 36.7 313 14.7
Fig. 16(c) 50 37 26.00 Fig. 17(c) 68.4 593 13.4
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