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Abstract

SLAM(Simultaneous Localization And Mapping) is a technique used by robots and autonomous vehicles to build up a map
within an unknown environment and estimate a place of robot. FastSLAM(A Factored Solution to the SLAM) is one of rep-
resentative method of SLAM, which is based on particle filter and extended Kalman filter. However it is suffered from loss
of particle diversity. In this paper, new approach using fitness sharing is proposed to supplement loss of particle diversity,
compared and analyzed with existing methods.
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Fig. 1. A problem of diversity loss of particles
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Fig. 2. A radius of the fitness sharing technique

+ .
radius)< Aok 3t 1% 201]/‘1 Oshare = &1 WA &
S Uehz, A3te FRE I 9 A4 A

i g 54 AAE et i AAe AFE N
e A Al 27, jE A A erel e A ol

A WA 18} o2 A jARele] A
F(sh(d;;) )= 249k 2ol %4
F "L]Z}(scahng factor)E& YERATH

_$m

share (4)
0 , otherwise

1—( di; ) ,if d<o

O share

32. Mgk 37 7It.é1 k2| FastSLAM
FastSLAMol| AT 24 71HS A7) 9aA ¢
A2 FpEAE A HLE; AF-8-5}9 E‘r. ol L VMEAE
Zt= AxEolgtE A2 Ho] 9o )\]—r,].]ﬂoi oz
A=E0FA) 2HA =Hm, vz %% 7HeA Y] JAEE
AFHoZ FikEo] Qo Aoz w& JMsA e &

e 9 5 gk

FastSLAMoM A=+ AF=
T 1S FeI (Y 3

7| gt
L
o

A o] Abd Zdom A%
%, 71 Wel A ooy

Mot 37 7|8 M8 2atEl FastSLAM 212|&

U & 9AE S35
e 01% 3= 74015} o] % HYP= T

= Aol
(e}
&
ko] SLAM< FS(Fitness Sharing) FastSLAMS.
o},

¢

Observation ‘

AP EFAR ﬁ

(== R

71E
I, T
| Extended Kalman Importance ‘
Filter _ Sampling
O 3. Hgt=aw/ Z|dh FastSLAM ¢112|&
Fig. 3. Fitness Sharing based FastSLAM algorithm

Tt
0t

e @
@ ’. o ®o

(a) Importance sampling (b} Fitness Sharing

a8 4 YRS HBT BF of

Fig. 4. Example of fitness sharing of particles

% 49 (a)E FastSLAMS 8% 3% WA
A AR 7RIS ZHEe] |l 14 &t zlelt}. 7]E9
FastSLAM2 AF& dAlelA = wE] Azl EEghuct
2& 7heAl e dAge] HhR A A .

Thd g 4(b)HE A FS FastSLAMOlA = 3
HEAE We I fAERtel A9 E SRR, Tt
A7 F JAER ASHE @4 22U 9 90 =

2}z GAE FAFoRA JAHE]
o

41. H3tx 27 7|9 7(H9] FastSLAM A5 HS
FastSLAM &u@&e d&9] M7k &5

q Ao g dHATt JAF Aol upE v|E

9] FastSLAM <uElsd A= FF 7IHel A8

489



Journal of Korean Institute of Intelligent Systems, Vol. 22, No. 4, August 2012

r

FastSLAM(O] 3} FS-FastSLAM) <x#]&9] 4
AT thEe] A AES TIPS
M 507100070 = ohgstAl AA skt Zh2he]
A4 3570, ol AR 17TH= FAE B‘rzrﬁé A&

FsATH L™ 5).

e
[ed

= 1> o o
(Togdh X T
dz o 1o K

2

- T RE S5 3w/
- 78 AlAe] Hd 9l 30 m
- d=ke] iR ¢ 50, 100, 150, 200, 500, 1000

T T
o0 ' o

) W /
bl Ve e 5 .

/ e
Fas
el
o ¥ ¥ .
\ N
i | /]
a0 o
3\\
cof- S T
r //
s *
=

a0 \e/ *

J% 5. ofzd X =
Fig. 5. Polygon Map

a7 62 YAl el wE 7]E9] FastSLAMY
FS-FastSLAM®| 45 A% 2% Axteln {izke] /47t
WolAH o] FolAE AL U 5 Ark 2 4
28} 47 oA 71E9] FastSLAME] Al%s& wrolx
ok ol= gzl JiETE HolAgE SiAES] v A
AL @At s oEgith ool H]E|
FS-FastSLAM-2 -2 ’“,] A M= Also] Hojuk A
S el = Aok A¥E TR 7IMES T4 dAES

L

= )
T}k ARl EAE Best 4= ok

12

——FastSLAM
w LN\
\ —B-FS-FastSLAM
8

error(meters)
£l

. e

50 100 150 200 300 500 1000

Number of Particles

UXF #=0f = FastSLAMZ} FS-FastSLAMS|
ds "l

O 6.

Fig. 6. A Comparison of performance of FastSLAM
and FS-FastSLAM by variation of the particles

a9y 79 82 ARt wmE V]9 FastSLAM¥
FS-FastSLAMS] dAE9] BE WslEs FAISH Ayo|th
2k flo] gagola, 7+ AJ- t oA 9] #H T UlFot o
Ao B J9L oJu it 7]%9] FastSLAM® QA=
oA FRI% ? A0 AFte] Aol wal PAHEL]
X o] 75A7F w2 dAE FHOR FFo| HAr)

R

5 A

(139 7) olo H]3] FS-FastSLAMA = 7}%—21(@6&5
S FHek dAEe BE/F E4 O Y 9o 44 9l
28 HoFEHaY 8).

gl 7. AlZlol|l 2 FastSLAMS| AlE B X
Fig. 7. Particle distributions of FastSLAM over time

ThwN R

of ~ ~+ +

0sf
0>

% 8. AlZtol|l mE FS-FastSLAMS| AlE 22X
Fig. 8. Particle distributions of FS-FastSLAM over
time

[e)

¥ 1L FastSLAM3} FS-FastSLAM<®] 5 Wl

A 5ol Z7b) ME Su AE Wwd Aol
o

=

A9

FS-FastSLAM2 7]2] FastSLAM®| a3l 235t
T 7IHE Frlele] Faske Walolr] Wi, &
Ztel O 2@ Ay YAk AMgrt HojdE A

1
Aot 24 e HAT 5 ek,

k9

Azl k1
o oz

E 1. YA ol w2 8 A|ZKsec)
Table 1. Execution time by variation of the particles

el 229 I FastSLAM FS-FastSLAM
50 173.14 178.05
100 288.21 312.54
150 372.40 408.88
200 493.47 531.50
300 690.44 733.25

A= defolMe M5 =T}



2 =xolA Agke F
FastSLAM &xg]&, &
3} EKF-SLAM) <11

APk

S-FastSLAM &a&8]&3} 7|9
3 7w " 7o) SLAM(o]
28 s A% Feoja] uliw

A5 B AT ARE 9 99 2ol % 3 72, 9
g A%, A AR, GAgAEe] oA g st

7_|
Ak A7) A== 35709 FdE 7HA A 9o, 9 A=
= 32709 olF ARE A Jow UmA Az A=
o} td AmE 179 o WA 3 itk A
H7E A2 % 529 #o] Y oA 303 vy

a3t

p
on
fru
il

- 33 2R £% 3 m/s
- Az AAe] ) W 30 m
- JEZFY A 150

(a) 98 8 (b) A% o

(o) Oh2td o
% 9. chetet "ejof X (MY, ARY, ofztd)

Fig. 9. Various types Maps(circle, square, polygon)

¥ 2v fF Az uig 7t 7HEe] H% A AE 4
g FAZ 39S Aotk ATAXZA A gl o
gk e ake] TG, ik Al Lxgs vERLh 48 |
Lol 8= FS-FastSLAM®] A5 o] EKF-SLAMPo|L}

71%9] FastSLAMO| Ha)|A okt oZal7u  H|Z%=a}7)
yebdth 9% Amel i@ A= FF oA 292 AolE
fotow Fus] oy7] Wil Akl

2 ¥d XEZoll tieh Ao Zo gt

Table 2. Numerical results of experiments in circle

map
g Xt FHU ES )
EKF-SLAM 36.96 0.928 1412
FastSLAM 34.05 0.970 1.339
FS-FastSLAM 33.63 0.946 1.319
3ol AZFY Aol Uld A% W7k Ant v 9l
ok 918 Ame] A3} FS-FastSLAME] 4%5o] 43k
oA 2 Aolm $4Ee woln, Hae A LANHE
e Pl HEA RE $5ES et 58, A

P
A

]

T 37 7IHE HMEet SHtE FastSLAM 12| E

@oll A EKFOl wlalA 36% olule] oAb, HadAe
FastSLAMe]| ¥]3] 445%, 1231 H el A= EKFel s
A 41% e 2= ARtk

3. Atz X zof oiet A A gk

Table 3. Numerical results of experiments in square

map
g 2Rt S EIEn =|of
EKF-SLAM 139.83 0.890 7.090
FastSLAM 66.36 1.910 2.995

FS-FastSLAM 50.43 0.850 2.909

(h) 2" 20 T (S o)

() FastSLAM (2 £ a2 3D {¢) FastSLAM (2T B 22

[
i
|
!
|
!
|
i

(s) MUE FastSLAM (2 BRA (@) MHT FastSLAM (S} B3 23

Iz 10, AP X zof oSt d2 =35 A Z3f

Fig. 10. Results of path following experiments in
square map

Ch-3 ANA A ZE w
Ae F4lo2 AekE FS-FastSLAM 7)ol vl&) &
7IMEe 237 ¥ YEhES 4§ 9o, S EWH F
BE

=
gl:t‘
>
_10
X
Hi
X
i
e
o
mO
o
0,
o

491



Journal of Korean Institute of Intelligent Systems, Vol. 22, No. 4, August 2012

I 4. iz X zof oist AE Ao 2t A9 thekd A EAS Bokd 5 Ak
Table 4. Numerical results of experiments in polygon WA, Aotd 7|HE 7|2 FastSLAMI} 4#ke] 714
map & WA v ARE stk AR JAke] AT 2
g7 Qi =) EES = of BAgoll= &bl gk ds ZFolrt AN, 4] i
O~ i = o 5
ERF-SLAM 1336 1797 8137 i]‘ iz—;r% FS-FastSLAM®| 50| 53 A& &<l
T MR T
FastSLAM 208.17 2378 10141 3 g AwE AHgsle] Ak FS-FastSLAME
FS-FastSLAM 108.57 1.912 4.734 EKF-SLAM ¥ FastSLAMS ez A5 H7b Hlu

28 S 433t9] FS-FastSLAMS] $-54S <lZau)
53] vhol o} e AR T2ty Awe] va AgelA

O 11 F 49 A¥E 5t & A2 234 o = =
oM % AokE FS-FastSLAM 7]%o] o2 wrso] u]3) TR Ao X Fo B o2 T 7o dis)A g
= A H = o H= a3t AE AFE Folsk 4 9
/\1 w3 uksl A58 E'_Oq—zr_—ﬂ_ ol];]_ EY YToE = = U E T M
* oz AME AE FF /WS Aedtel U A4

0 =28
(a) S PO EH (Y4 B2 e (b) TTY DU W (Hy TRoA [1]1 S. Thrun, W. Burgard, and D. Fox, Probabilistic

robotics, MIT Press, Cambridge, 2005.

[2] M.W.M.G. Dissanayake, P. Newman, S. Clark, H.F.
Durrant-Whyte, and M. Csorba, "A solution to
the simultaneous localization and map building
(SLAM) problem,” IEEE Transactions on Robotics
and Automation, vol. 17, no. 3, pp. 229-241, 2001.

[3] W84, T, dew), 'S4 opelolo] AAZ B

S R (;I)FastSLAM(E‘JILH B2 ” Hﬁ% GraphSLAM," &%/ &A= /8] =),
vol. 21, no.4, pp.493-498, 2011.

[4] HA3], A=A, A ZHAdA Y 79 A&
Ag okl = 7Rke] WA EAH md AT
St x| A2 E g =X vol. 21, no. 4, pp.
442-448, 2011.

[5] R. E. Kalman, "A New Approach to Linear
Filtering and Prediction Problems,” Zransactions
of the ASME-Journal of Basic Engineering, vol.
82, pp.35-45, 1960.

[6] L. M. Paz, J. D. Tardos, and J. Neira, "Divide

(e) MAH FastSLAM (2 BF2i}) (] MHE FastSLAM (H HZ223H
le:! 11. |:P_|L§>d 7([ 0” |:|.|o|- 7:1; 7<7< A|o4 741|.

Fig. 11. Results of path following in polygon map and Conquer: EKF SLAM in O(n),” IEEE
Transactions on [Robotics, vol. 24, no. 5, pp.

7122] FastSLAM A gdA Hd] Hdeake] 23E 1 1107-1120, 2008.
W 2700l eAE BAEA] Gyt SRR deE 9} [7] M. Montemerlo, S. Thrun, D. Koller, B. Wegbreit,
7F wAskE Ae E1E 4 rH® 11(d). o3l 94Ak "FastSLAM: A  Factored Solution to the
=9 Aol vold S o, Ao YRelA Rl 2 Simultaneous Localization And Mapping Problem,”
2b7F A7) Wi o = AY7bE Proceedings of the AAAI National Conference on

Artificial Intelligence, pp. 593-598, 2002.
[8] T. Baily, J. Nieto, and E. Nebot, "Consistency of

5. 28 the FastSLAM Algorithm,” Proceedings of the
IEEE International Conference on Robotics and

B =RoE 721 dmeEda] A1eE gll;— e Automation, pp. 424-429, 2006.
T 7S ALY, V)= FastSLAM/] EAEL sk [9] N. J. Gordon, D. J. Salmond, and A. F. M. Smith,
4 9= FS-FastSLAM ¢1g= 1oF5l9 "Novel Approach to Nonlinear/non-gaussian
Aete I 7HS E9 01%} o] A=y %Efﬁ =] Bayesian State Estimation,” [EE Proceedings F
o Wut ol He BXO thE AYoME JAES F on Radar and Signal Processing, vol. 140, no. 2.

A FATo RN, 7] FastSLAMe| 7HA 1 99 ¢ pp. 107-113, 1993.



[10] N. Kwak, K. Yokoi and L. Beom-Hee, ”"Analysis
of Rank-Based Resampling based on Particle
Diversity in the Rao-Blackwellized Particle Filter
for Simultaneous Localization and Mapping,”
Advanced Robotics, vol. 24, no. 4, pp. 585-604,
2010.

[11] E®8 &, A4, A7, "= T/ 7IHE 48
gt &H FastSLAM ?:_-F’_E] =" R GA| 2 E )
3 127018 =FF, vol. 22, no. 1, pp.
17-18, 2012. 4.

[12] B. Sareni, L. Krahenbuhl, "Fitness Sharing and
Niching Methods Revisited,” [EEE Transactions
on FEvolutionary Comutation, vol. 2, no. 3, pp.
97-106 1998.

MOAR A K

= H 24 (Ohsung Kwon)

20004 : A7 Tl ki ARF e} FEA

20099 ~2011 : & gy AxpE
FopaA}
A 1 38 mupl i

E-mail

o =
“

SLAM
: sOnam00@nate.com

ST ST 7IHE MEet AE FastSLAM 21E2|E

# 4 8 (Byeongyong Hyeon)
2011\ : A A8k AxpE-eha e}
20123 ~&A) 1 = gty AxpEeta A

AEE:

ok duEE fd ZE g, GPGPU, 44
o] Al
RS |

: mrhyunby@naver.com

M 7| M (Kisung Seo)

1986]5_ ozl/lﬂtH?ﬂ-_! 7(«]7]_’?;'_6_‘137’]_ :g_g_]_/\]_
1988y : M| A7) Fsty) F3HAIA)
1993 : AA| Bt A7) Fstal ekt
19931 ~19984 : Hﬁtﬁdiﬂ_ Q) g st}

199911 ~20031d
Algorithms Research and Applications Group, Research
Associate

200211 ~2003 :
Computer Engineering, Visiting Assistant Professor

Michigan State University, Genetic

Michigan State University, Electrical &

20113 ~2012%d : Michigan State University, BEACON(
Bio/computational Evolution in Action CONsortium) Center,
Visiting Scholar

2003 ~&A : ARt Ax}asta Fugs

Ror - g 2RExA GP7IHE 2EHEY CPG7INE 24
wa, BAAN 3, 18H25

Phone @ 02-940-7734

E-mail @ ksseo@skuniv.ac.kr

493



