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Obstacle Avoidance of a Mobile Robot Using Low-Cost
Ultrasonic Sensors with Wide Beam Angle

e Hes s

(Yun-Kyu Choi, Woo-Soo Choi, and Jae-Bok Song)

Abstract: An ultrasonic sensor has been widely used as a range sensor for its low cost and capability of detecting some obstacles,
such as glasses and black surfaces, which are not well detected by a laser scanner and an IR sensor. Although low-cost sensors are
preferred for practical service robots, they suffer from the inaccurate and insufficient range information. This paper proposes a novel
approach to obstacle avoidance using low-cost anisotropic ultrasonic sensors with wide beam angle. In this paper, obstacles can be
detected by the proposed sensor configuration which consists of one transmitter and three receivers. Because even wide obstacles are
represented by a point, which corresponds to the intersection of range data from each receiver of the anisotropic sensor, a robot
camnot avoid wide obstacles successfully. This paper exploits the probabilistic mapping technique to avoid collision with various
types of obstacles. The experimental results show that the proposed method can robustly avoid obstacles in most indoor

environments.

Keywords: mobile robot, obstacle avoidance, probability-based local map, anisotropic ultrasonic sensor
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Fig. 1. Ultrasonic emission of anisotropic ultrasonic sensor.
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Fig. 2. Anisotropic ultrasonic sensor configuration.
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Fig. 3. Distance to reflecting objects in configuration of anisotropic
ultrasonic sensors.
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Fig. 4. Obstacle detection using the intersection of ultrasonic
sensors: (a) three parts of sensing area, (b) obstacle detected
by three sensors, (c) obstacle detected by left and center
sensors, and (d) obstacle detected by right and center sensors.
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Fig, 5. Comparison of ultrasonic sensor data with laser scanner data.
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Table 1. Comparison of detected object pose.

Leftobject | Centerobject | Right object
Laser 0.73m, 35° 0.63m, 2’ 0.74m, 36"
Ultrasonic | 0.71m, 35.3° 0.61m, 2’ 0.72m, -34.2°

@ 4% 4729l
ol&se] PohBL %ﬂ%& zrazﬁ 2R3 R Aol
Zwg 47 7 5 Ak

ol 2 FAME o83l BAE AolE] HR] !
=g 24317 981 29 59 Lol e Fejdl Yohs
oA AT Agal] BT 23St wusig s
AFeI 5o, olHkAd ZLT AN E A -doZ A
olgg oz FAsH Bk 13 5@t 22 ek B9

Ho - 2% - AIAEES] =2X H 15 2, Wl 11 & 2008. 11

FojBe oz Fao] 5z ¥ 19 A} 7ol ¥
ol A2 24 At vt +2em, £2° Wi} A
2 7te QA2 7k Aol vlaA S5tk 18 sp)sk
ol W ge] FoBL Fo|Ho] A HoEo A F

2 BAY & glov), oy 2SN BF BE o)
22 W) @ Fom BATY] Rl FohRel €Y AR
AT 5 Gtk 9 2RI & F Yo, oPPY 8T
AN A s 2L e Be) ol Bl v
ARE AAARE AT, We B 25 kel o
i A s 8 el ek wed de
JRE AT FNEE 1T el A4 Slsh 98
3 olsje] 0] thabt Fobo] Gl Aoz A
Be FEo] WA £ glone o BAREL R

slah 28 Flure] BRAES AHgS AkdTh

IV, 88 7|dle| JRX|TE o|&8t Hoj= 2iu
1. &8 7| IFX|=E 0|3t Hoj= EH
o] FEFro] Fe] EAsk: eied FHIstL s
AsMe 2R FH FFS F AT F Yol I =
S S 39 Felz AEY] die] & dAE
Foj gz sz W m AgellA Abe Sl ES W
Hog Hohes wkshs ol At HAe] A, Bk
of 2R3 23 UL Welle FelEe Fejoll dugilol =
X Aol AelgE wetEy] W] 23] A1E + Sl
Aol BT T Ae, Agrieier I gk Aol
& <t Fujrt Fhesh, W HAEE 2 BEciM
FEo] YA wEbd 2Ro] FHEHLS ‘317\]5}3—,
§lo] Fohgs #9lstr] el vkl e A
20| olFshy o =& 2
o ¥l EAsle] de wAES T, e HHH

rir o r~1n by

*

9l 913t FWBAL F4F & Yok 2 62 2Ro| o
socm o FS W, FAANE o W wYL FH5
o] 23e] FHBAFL Y Aok

sl

[}
Ly
i
+
m
i
kJ
o

ol
2
rr
o
M
4
o
ox,
kR
re
o

g s o AHeaE 7
E@ste] 3]y daeFdl 48343
o ne ZAoe FHATE AA
15, 285 $X999 A4 WolAgk 7B bayesian

&

S|
=
>
s

g m -
_,_.

@ ®)

1% 6. 37 29 () THEE, 0 THE LHE
Fig. 6. Environment modeling: (a) environment, and (b) collected

intersection points.



Journal of Institute of Control, Robotics and Systems Vol. 15,

update formula)l 2-8-3}e] FE7INE FESATE AZE 4ol
A oA 232 AR (g2 BNETIH O] AR Bz,
7t FoA g wl, FFAEY A A2 mrt AEe 9
S 52 U Aog Akt vt o] o, 541 A
e EY AT FolEd ) 7hEsteE FRARY H
715 3mx3mz Aolstgich

Pem; | Xoy—15202-1) P | %,,2,) )
(L= p(m; | g1, 204D = p(m; | %4, 2,)]

A 1A AR m7} 7HAE GEL o)1 Adelel 93
AA7Y 7L s BE plmilxe.a,20.)7 BA S8
of oa A7t AFEol Us &F pimilx,,z)e] BAE &
3 dolzith ojuf, AA =X Yxduie} SFpE S
AxLe] MAHEES A Edinverse sensor modeh)Z A4
g 4 Atk C‘“*V‘i 2ee AAFA %"ﬂ"i 2R A9}

AZZE FoRE W S FEE 2Aske ANED
Pz x,,mPe H}EH Hdold, GAA Edg Hojsle o]

p(m; | Xo,204) =

£ zRE 98 Boge) At A e 2
S0l o8 A Fohgel AAsk Aot A % 9]
I o B, £RIIE £ $A27H 1

AIBBEHE LU, AA FNELS 1m Al ARl
EAE FEo] 71 =ANE A7) 7}11 Q2o off AA
FolEE 09m ET Lim A § 1m A FHY AR
ZAE FE ot 53, B =RdAde MY 23S
olg3tng Ay 2 ZAxd didt 247 g AL & )
wiol] et tig mdgo] dasith mEbd &AM
7t 7HE A p@)y3 AAR pnE 1EEte ohee

A3 o] AN BHS Aofdigion, o) a7 73} Zo)
veld = gich
p(m; | x,2,) = p(6)- p(r) ™
p(@)=
{pmin (039,» <9t — &> 91’ >9t +€0) (8)
(1=((8:-6,)/£9)*)- Pyiy (6, —£5 <6, <6, +85)
p(r)=
min (OS i< _gr)
’ 1 (r; - 2,)? " ©
-z
Pmin + G\/ﬁexp(— 20_2’ Y(z,— &, $¥ <z, +6&,)

A7V, puis P> FHAETY 7= 2719805 28
SOOI £, 25 4= AoheE FUE W] 2Row
FE A3 A2 A7 g 4% Frold, 19 o= A
A2z} ZEo2RE A A B 4% FHeth & £
S0 Bx%9 %2 empty region®} occupied regions A3 F
H, gof wel o & AAEA occupied region?] & AAFFE
Ak g = ZFFAX L] A2 WellA &F B Zhed
HE Azt ARAR g FERDL empty regionol]
Ae dA gEo] FE(uniform distribution)3tA] EEE}A| Tk
FlEg BAHETT BEEE occupied regiond A 7
AQt ¥ (gaussian distribution)2] 52 4 (9)9} o] 3}
o ¥ 7@ 2ol vehlidd Azts st FERY
A elEelgt rEE g HA TR AArt 71

No. 11, November 2009 1105
. . occupied
p(r)] €mpw region region
Pinit | — — e e — — _é
pmin = E Z,
. 5
—
2¢,
@

28 7. 2EAE Ao ARLEE ommucn. @ Agel o
FABRE b) =] A HEEE

Fig. 7. Inverse sensor model: (a) probablhty distribution for range
data, and (b) probability distribution for angle data.

position 0.50

1.0
0.5

-05

Robot -~ 0 T “0
position 0.5

(b) Initialization of probably map over time.

a9 8 &F 7] FA R o HelEe] BE.
Fig. 8. Obstacle modeling based probability map.

= B35S 4 )& AH8sld 13 7(b)9Jr ol ‘%F/M‘EIU}.

ksl -IHLTXlE_oﬂH 571 %Lgit} = %hr%—a— 7}4%
AAE FNEE T3] ZEEL

I8 8@%F 15m AdY FF FoES BXE0S w A
48 FFARY I 43 doH FelES €0 94l
A 2ol ofs) vl A ARE 27] 8 052 &
7H geiER BEHJUTE 2] 05mE olFsH Azt
o] AHg At & FollEo] Ay 13 8(b)9+ ol
AAME BHE A E3HA Sk FRAEE wolAl
ot 78dHhe] Ao B4 o] AxEo) 7}11% &
52 gadte] A= e AR FelE2 BAFITH
2. &5 7P| FRX|TE 0|83 MO E 2|

FE7|ke] FRAEY A FE BdE Aolge A
B3y duEe LA E =FMe AofEy
AF 2 DWA (Dynamic Window Approach)E AHE8}SITH

o



1106

[4]. DWAE EEO] 2 F AUe SEHFoIN BRI F
Bk Mg Juatur BEHOR o|Fshe WRiolth
229 A ’;Ei 7|Eo R By A7t ¢t Hal 7]
o3 #skd 4 Qe =YY ol o9 A9 Zurt
A7t B AEne) ZHEEE dEhy Fdtt

*
W = Qpond “Whead T Fspeed * Wspeed + Xelear " Welear (10)

A7, o= 7k 5 7AE BT, wins 229 8
FPE2 2Fo] BRAL FE W 2 & T, wapwT
239 %Eﬂii 2o $501 1S ARG a9
3w TH G20l 1EE BRE FEH FES o
&3t QJW F e FEdA 2 #@E /R £ =2
A A SRARS ARGoZ RHE FohEL wawl ¥
&g A Aok BATwH7F Ad7t He £28 22X
AUFoss SO Wey
3, AlkE e SHARE sty Fole F9 &
we|Fdl Heshs v 28" A o 25ms2 HAIRE A
ol 7Fsstsit.

V. &Y ¥ uf

1. Wandering

A7ke) oA 2&HANE AHESIA olEel B9 AE
< jetsl7] 91514 wandering 71 & AHS3I3IEh Wandering
g e FrlojA] BAA glo] AR Fasitlrl AoES
x| g7k 2Re] PES AAs olFsk= 7o
2, AxMe EARL 71 & uedsly] wize] o AAE A}
&8 FHE st vug d4A T F A £ APl
ol ZHIAMS FolE 313 /‘é%% setaz] sl i
JEIEERIEY FERREEEES BRI S
IS @IS 22t HlaIstgle, Ao 2AUE F

ll

31738 1.8°9 taog A 5 oA FlES B 3
o7 RS 4 glon, ErlRolEs &7 ANe FA4H
Agg TR XW&?#O] £15°¢] 3. |2 TP oY
A 289 AXE B =T et e A s
2YL BE 7k FRAR HEE FolEE B}
o

A

==

g‘-& 4m x 6.5m2] F7HIA 60cm x 80cme] S o
B2 A8 349 A E 4eme] 93 ie} AE 30em] F
2158 ANEZ AHEE FAolA 242t v]aEgivh

Ao} 2 3luje] AT 2ol FlES YASH IIE

s}

W -.-“'T"' ‘ ;

~.-;0bstacle | 4..obs:‘_£_acle b ol?g_tacle
e M :3‘\”) SRR 1
‘ r NS l a
@ ® O

I 9. BAE FelEe] B: @ H2A, ©) 874 &
ZB2o|E 25THAA, (o) o84 ZEIHIA.

Fig, 9. Detected obstacles: (a) IR scanner, (b) 8 Polaroid ultrasonic
sensors, and (c) anisotropic ultrasonic sensors.

, @A oz o)) drk

HO - 22 - AASS =2X M 15 3, J 11 & 2009. 11

(a) Planar obstacles. (b) Obstacles of slender rods.
a3 1048 84

Fig. 10. Experimental environments.

10 10

£ 80 & 80

[ Q

s 60 s 60

w w)

§ 40[S-1R scanner § 40

Q H [*]

5 20)|-»- Polaroid 5 920

A |[-s-Anisotropic “

oo 20 30 1% 20 30

Velocity (cm/s) Velocity (cm/s)
(a) Planar obstacles. (b) Obstacles of slender rods.

a9 11. 35 JEE,
Fig. 11. Success rate of obstacle avoidance.

AR o, FelEa} FEA] & 3
A%z Aoty 18 11 AlE §M %
JYEZ, 2H0] FES FA 3L I AE=E 50 td%}%l
S ) AFE BFE Aol AFES A Aotk HYA
27fdE ﬁ—&— %‘Ulr Ze A 9y THe] 7534
e ﬁj% AFEO BRAY, A e}

e gk %}OH 2 278 A2 A7E AAYE s
39 AFEL 7 St slY Eetzols 289 A
2 28319 S v Fud) gRe GolE BT vjuA w2
HEES @ﬁi ™, oA o AME e g9 ¢k
S Hoz Eﬁﬂa}ﬂ ol gk HollEe] 3o uf
E2 ATES AN =g, BT 22 FelEe Iy
AME 5 75k %rxl.:.«l Ao Aol b vt
o] AlAfel] H|sf Ad5o] Bol AstElAE et
2

H

&u
g

+u };}1;

°]Ho“ ZETHANE A3l FolES A0 F 3y
38, ke EXAA FPE F J=AE Fels] fs
A DWAS 7@t 1Y DWAE Y9 H=2E A
3= Tl (gradient method)ell &3] MAE HZE ulgo g
7§wr7‘4(waypomt)* AAsla, 2t ARA Alelg 2iol 23
d F 9 & JYoA £eE ZA5H, YoiES 3y
Sh= DWAS ARS3te Fgoas I8 HAE g5
B4R T 7 goltl7]. ¥ AddMe o] 52 R0l
%‘Zﬁ}c’ﬂ 423 ZaAsh=AE #dsl] 98 ol THE
of FHHeE FERT qu]*““"ie AREEte] MCLZ1H 9
AXFA S FRFGoEN 2RLE AT YRE ¢ U+

{4

x 1lm9] F7o2, 252 A 30em/s]
5 Fa}A sigich Fapel o8 YAE 2R A=
E Ade gHsglon, g2k AHE Ydow B

o



Journal of Institute of Control, Robotics and Systems Vol. 15, No. 11, November 2009

N Trajectory l

(b) Execute DWA.

(a) Generate path,

b ) Goal
e of |
ELT .
P ra Ob}acle
’ avoidance I
(c) Avoidance of dynamic obstacle. (d) Arrival in goal.

% 12. 49 DWA.
Fig. 12. Global DWA.

daldth 13 12(0% olFRRe] FE AoEo] EAsl=
oM FugA dgste A g, 38 12dE
olgziol T4 % Y ANES slujsi JyHew F
F BHA =& 41g maFuh

VL 2B

& ol A7k ol 2JFAME AMEEY 2
ol FohE2 sk WS e 1719] $a4
o 379 AT Gl B ARlE EAsta,
AAMAN dojAle T myemfy FoEe] XS
FASSI. o] WAL 7hs AolEle 2 ALY, Y
e WA shte] domwt ASl Holg Fu)rt 4
ks 91o] |t I8 B4 98 A=A A
3he BE o]8& WelE B3lo Mgl HolB 39 4%
= 398 FINE F AU &Y, oh2 wrhiA gk b
APE A ATt oA 2ETAMEE HEHO
A]—%Ol 7Fed ANE 29 AsE 4 4 ATk

7ol ARgEE o 3TN E B FEAY
WWOE d3l AAFY I AnRels o gol
o} wpebe el Azke] HYdAM B 43
ol A7F AlA ZiRke] F 71E S SRR & o

HUEINI

o o l{-}l i
ol r:;« flo Fl"I

o

(1]

(2]

i3]

41

1107

ko]
E. Lawrence, R. Austin, B. Alan, and V. James, “Fundamentals
of Acoustics,” New York: Wiley, 2000.
J. Bomnstein and Y. Koren, “The vector field histogram - Fast
obstacle avoidance for mobile robots,” IEEE Journal of
Robotics and Automation, vol. 7, no. 3, pp. 278-288, Jun. 1991.
R. Simmons, “The curvature- velocity method for local obstacle
avoidance,” Proceeding of IEEE International Conference on
Robotics and Automation, vol. 4, pp. 3375-3382, Apr. 1996.
D. Fox, W. Burgard, and S. Thrun, “The dynamic window
approach to collision avoidance,” IEEE Robotics and
Automation Magazine, pp. 23-33, 1997.
J. Borenstein and Y. Koren, “Error eliminating rapid ultrasonic
firing for mobile robots obstacle avoidance,” IEEE Transactions
on Robotics and Automation, vol. 11, no. 1, pp. 132-138, Feb.
1995.
S. Thrun, W. Burgard, and D. Fox, “Probabilistic Robotics,” The
MIT Press, London, 2005.
0. Brock and O. Khatib, “High-speed navigation using the
global dynamic window approach,” Proceedings of the IEEE
International Conference on Robotics and Automation, vol. 1,
pp. 341-346, May 1999,

3 g

2008 ILBoHEtal e P B g0
EAh. 2008W~3 A uHhetn wiFtE
Q28I A AeE BAlRol
o Ol ERY AEF3,

e

2007 e AAASFIHF
SHAD. 20093 S1EHTIEk WFFER YA
&3} HARFSAAD. 20099~ 7] LG
AolA ZF ZF, BAEOR= o2 L,

&M 5
1983 ASjgtn
1985 A&o|Eul

A}). 1993»&431%}1 Lﬁﬂtﬂﬁm 7\ AE
- al<p. #4JEoFE Design and Control
of Safe Manipulators, Mobile Robotics,
Haptics.



