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Strategy of Finding the Travelable Area for Autonomous Mobile Robot
Using Distance and Integration Value Obtained By Ultrasonic Wave Sensor

Takanori EMARU*, Kazuo TANAKA and Takeshi TSUCHIYA

** Division of Human Mechanical System and Design, Graduate School of Engineering, Hokkaido University,
N13WB8, Kita-ku, Sapporo-shi, Hokkaido, 060-8628 Japan

The ultrasonic TOF (Time-of-flight) ranging system is today the most common sensing system
employed in indoor mobile robotic systems, primary due to the ready availability of low-cost
systems, their small size, simple circuits, and their ease of interfacing with computers. TOF ranging
systems measure the round-trip time required for a pulse of emitted energy to travel to a reflecting
object, then echo back to a receiver. However, ultrasonic TOF ranging systems tend to neglect
minute reflected waves below the threshold level. In this paper, we propose a novel approach to
utilize the minute reflected waves by integrating the reflected waves. It is implemented using a
transducer with scanning system, and has a great ability of finding the travelable area for a robot in
environments in which the distance cannot be obtained precisely. The proposed system is constructed
by simple way so as to improve the utility value of sonar. The validity of the proposed method is
investigated by applying this method to autonomous mobile robot in various environments such as
environment with multiple obstacles, in the end of the hall, and so on.

Key Words: Moving Robot, Autonomy, Supersonic Wave, Measurement, Sensor, Integration
Value, Obstacle Avoidance

1. & B

BAE, ERcEERF O OERTREZEOSTIESH
MNELT, MRERW-EHNERFORRET-T
WBD, BRI AR EEDH TERBRDESTHS
EEDNTEY, BEMISERICZL DERESAT
W5, ZTO7Y, BEREPLHEEEEDHDII o
=Y avVATFLICBELTWAEEZ NG, B
£, R1ICBIBREAERREE LB/ NS T ER

RICBI2BHOERILEAREOHN LT B,
HE{bERET 3403 VT OBEANETH
%. BE, BEBHORY MERT S0 Y
EELLBERINTVWED, dElcBF3cRaEEE
I3 TRINEAS T, THICHER/RT
SRS 7D I P TRTNEE SR,
CTHE, BEIORy hOERMEEENELTL—Y
LoOT 7 AV EEACBHENEEZ L RENTVS

T4 —IVRRIEBANT, K2IRTVATFLAERAVE
ERET>TWVWS. ZORR, S0%EEOMKETHIE
KEGET A LATEETH S, LHL, AULH1
BT BEEMOEFEET 2 BRRBETIE, FOE)E
ICHIDWRIEDRETH D, BIRTITS T LIdigEE
DEEZEINEYETLES. 227, BESOEER
Bo LREEBHZITS 12D, DX KERIRE

* FERZA 2007426 B 10 H.

*ER, JLEEAY TEHR(®060-8628 ALIEHILRIL 13

&7 8).

* EB, EXEEASAERRTEE (8 182-8585 AN

i B 1-5-1).

®ER, EETREXEESRE T IR (®006-8585 AR T

FREXHIE 7 £&5-4-1).

E-mail : emaru@eng.hokudai.ac.jp

B, B8 MiaY AT LEEERT B0,
R TIRBER VT ZEHAT 5.

BEEL T, N, B&, VAT LOBEIE
B CORMERD, £2{oa#BEHORY MaBwy
THOMBREY, Fer— 30O, EaymEE®
BERTIEDIFAIN TS, Kic, EEYELEE
S BEIREET 3/-81C, DYV F—ZEDH
RICHAARTZYF—1 Y ZICBET B8 DFFEBED
METNTNBP™NO 1 eonard i 524 7 BLAIIESS,
Ishikawa®IZ B RN RBEDOERPBE SN TV B HE
ouRy FOFEFEERDK-> T3, ZhCxL,
Borenstein® "2l grid map 2V 3 C &ic & b REIE
BlicBid sy FOFERERRD K-> T3, &

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

BEEY Yk SERHES L CRAEORSELFIAL - BRBEH o Ry b OBTURERREE 99

7

Intersection l
- electro-encephalogram

based control - autonomous control

as an aid to user

Fig. 1 Corridor environment.

Electrode

Fig. 2 Electro-encephalogram based control of an elec-

tric wheelchair.
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Fig. 3 Example of experimental environment: there
are two obstacles in directivity of transducer.
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Fig. 4 System configuration of integration-type ultra-
SOnic wave sensor.
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(c) Distance between object and transducer is 60cm.

Fig. 5 Reflected wave and integration value.

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

EEEY v & BERES X CREBEORMEELFIAE L BEBH o Ry b 0BT UEERRTS 101

B 7R, K 7(a) 3R ASERTE MASOAL (FF
DA E=80kHz, FHEAE=7°), b)) IFHEALFIY
I RRREEE T/R40-16 (FPLAFEE=40kHz, ¥ BEA
=50°), (c) l& Koman Tech #34 ST/R40-10IN (HL.OJE R
#=40kHz, ¥BEMA=100°) ZAVWHEERTH 5.
FERERIE, IEME% 90° £ L, 0~180° DEFHDHAIES
1Toiz. T TlE, BEE TOFEEE Loy = 45cm, BE
WY IOy T VT EA L Toonar = 20ms, 180°
ElEE 3 ARADORIEEE n = 48 & Uiz, F/-, FlEER
KD (c) DHEIETREEEEEN R /& £ 225cm 2o 27z
¥, TORBRTIEHORAMER 225cm LRRE L.

FEROFMER, EHEINTIO NS VAT a—HIC
DVWTEBXZEBESADHEEANTELLBSONT
w, ZTOHENTRKEENMEONT, BRETHS
225cm ZiR LTz, 2O X3 ICHREZE S ZVOI
PEEER SRS B TDDIUVA T I—ED, KEHE #3835
TEHEDICHEREERANCTVSEHTHB. FD—
AT, BoEE, WThO RS VAT a—HIicDWnT
LEEH & DAENEEIOIWVIZERERERRL, £
£ (0, 180°) D@ITRIRE/RMEE, d/abbRZEMAS
WS REIELN. HEEEDZELEEXD, BY
EOEIIEHRNTH BT LM THS. Thb
L, BEOMEOHNYRAE SICIZBEE Of &, EEt
DY BERDREINTVS. LML, B5hn
2T =206 TS OYIREIAERZEIRL, ¥5IC
ORyw FOITEIRERT S C3AERETH 5. Z
T, EE#EEE AW TEBOT — 2 ZERICES
TBHZ LTk, BEMSICBYSAR - RO EOE
FReoRy FOBEFEAER L ZXSfIT R L
MAHEL 5%, Tixbb, EEREEOEANICKD, &
bNct o VT F— 2R EHRRER TS T &7x<
aRy s DRFTEEITEIREICENT T ENTES.
BERE TV Y XLICDWTIE 3 ETHRARB.

24 FSUVRFa-YORE  HifiClEERE
DEZB3IBEEDO NS VAT a—FIIDWVTERS
To7=h, BZEERRBRTHDICEDL S kHE%
BOMS VAT a—YHEELVONERT 5. —fi%
WKHBEEY VY OREIIAELSRENBENC L X

front of robot

Obtain 90 d
egree | -

distance and

integration value wall

0 degree 180 degree

transducer with
rotation system

Fig. 6 'Wall scan environment with rotation system.

—101 —

N3 BOkHz D R TV AF 2 —HiE 7° &1
IBINEAREREL, BEDMREEE VD BRTII BT
TEEZLDESIKBDNS. LAL, K76 DX
BRERNODONB LBH, EBFELINEWERYE
EREOLWVS T LiE, fonBIicd B lEkENE
BT BHTLZERLTWS., ThiE, Flaidno
Ry NEEICENMEELTHTE, ZOABENERED
5BEZF £10° UL EHEVTVWNERBRTE W L E
RLUTED, FRXTHEELTWVWEEZR Y ZEET S
LBYITERY. ZO—AT, FREAVRLREL
ST/R40-10IN &, FRDDEECXS ZBMAENCELE
NTW5. LAHL, ¥EEADENREVENS T

&, FIUVAT a—YDOEHCEEVMNEEL TV
 THZDEEMOEANICH 5 EEYH b DREK
ERETH LW T L THB. TOHER, K7Cc) D
EEERERT LB, CONS VAT 12— TliEE
T (90° {+3T) & FAZERT (0, 180° fihfE) M5B 5N 5K
TEDENNE V. Tixbb, BT Bz~ A O

400 300

T T T T
Integration value
Distance -------

300

200

Integration value
Distance [cm]

100

0 1 1 1 1 1 0
o] 30 60 90 120 150 180

angle [degree]
(a) MABOA1 (Murata Manufacturing Co., LTD.),
Center frequency is 80kHz, -6dB directivity is 7 degree.

1000 300

T T T T
Integration value
800 | Distance -------

200
600

400

Distance {cm}

100

Integration value

200

0 L 1 L ) L 0
0 30 60 90 120 150 180

angle [degree]
(b) T/R40-16 (Nippon Ceramic Co., LTD.),
Center frequency is 40kHz, -6dB directivity is 50 degree.

1000 300

]Integ ra'tiop vallue i
800 Distance -------

- 200
600 +

400

Integration value
Distance [cm]

200

0

0 30 60 90 120 150 1800
angle [degree]
(c) ST/R40-10IN (Koman Tech Co., LTD.),
Center frequency is 40kHz, -6dB directivity is 100 degree.

Fig. 7 Distance to wall and integration value by using
various transducers (L4 is 45¢cm).
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Fig. 9 Distance and integration value which are
obtained in various corridor environments.
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DRARHEK D ILD.

{ zp = —ll? cosép @

Yp = lpsinb,

JEEM 5 Sub-Goal IZXf L TIE SN TRy A REENS
BE 31T, R L Sub-Goal 2385 M5z Ry kDR
BEgh. ORv FAVELONICBEIT B7-8i1Cl, fE
B OBEHROMEE D FE RIS TN T 90° &5 REBHH
D, O HhLMAIE—RICREEINS. Oy b
DHLOIEEINREZE o LT5 &, ¢ = (22+y2)/(2zp)
DEIICRTTENTELZDT, TRy NORKRITLL
TokdcRINS.

(p(1 —cos ), |¢|sin¢) (5)

72720, 0< ¢ <2/90—6,| THB. BELTWVS H
MTEBOR Y SN OHEEZRBREIT B7DICiE, £
HOHEGOBERE L RDZHENDHS. T, B
{EIBNTWA iV BEO Ry hOF 2T 17
AFAL CEROREHAREZRET S, K121
R &K SIC, MyNEERD dt ORIICERDS P SH5 Q K
CBEILI-e 3%, HEROXRE r, HRRIOREEY
L, NEOEE¥E% R, HHXCEDHEIFOEELA
HEZZNETNwr, wr £BLE, LIFHEDIID.

Rdp =rwydt

(R+ L)d¢ = rwpdt
COREEE TR LICKD, EFROHEBOAEED
EMBLTFDOXSITKES.

©6)

Rwp = (R + L)wg @)
iz, PROBEEEZ v LT 5L,
(R+ L/2)d¢ = vdt ®)

HESNS. T, RG), Q) BHWVWRZLICELY

v=r(wp+wr)/2 C)

Fig. 12 Kinematics of wheeled mobile robot.

MDD, (T, 9 Kb, EHEOEEGOEELAE
BIXULTOX I IcRENS.
wr = 2(R+ L)v/(r(2R+ L)) 10)
wr, =2Rv/(r(2R+ L))
WE v XRIEERLUETIVIY ALK THREE
N, LIZORy hOKEEIHBHRESNS. o T,
A BXT @) EFHLT

{ wr =v(1— Lcosb,/lp)/r

11
wr, =v(14 Lcosby/ly)/r o

ERITLETES. T4bb, LU MLKREDIM
AR RDERB (1p,0,) ZZDEEHAVBZ LICKD,
BHZFTETOR Y FOTEZERTES.

36 RRTBVRTLORRA BEEL 72
JTIRBRNR#ELMELHS. K131k, aRy b
MNEIC Ao TRIDICAD > THISRIREZR L THD,

Fig. 13 Experimental environment in which a robot
moves toward the wall aslant.

T T L T 300
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2 600 sub-goal X §
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$ 400 |- 100 @
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200 [ integration value

. . . ‘ 1( .
0 30 60 90 120 150 180
angle [degree]

Fig. 14 Distance and integration value obtained in
Fig. 13. Calculated sub-goal is also plotted.

250

X T BT I T
\, o
\,‘. ,—0‘
200 | distance o o
i sub-goal X
path ---&--
E 150 i wall === i
o i
L 100 | X .
-250 -126 0 128 250
x-axis{cm)

Fig. 15 Planned path and wall. The path causes the
collision on the way to the sub-goal.
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Fig. 16 PSD arrangement and slanted wall recognition.

14 3ZDL 2EBONIEH - FBHE BIXUTIND
DT—EZPHRD 57z Sub-Goal TH 5. T D Sub-
Goal Ici LT, BEFEICKIBBBEREIT-o IR
ZR151CRY. BOBRE Ty MLET A, #Hi
7 50em BRED & T AICIFEET BREICA) - THEZET
X BEEER L. G, BEEbw Y EEE
DAEBHIREL EZICONTREEIMBICEE L
o, BEERTERWEDTHS. DX, @
FFY T ORI K BBRHDREIIFEREEL, O
Rw METHAIIC 4 DD PSD (Position Sensitive Detector:
ABAMBRHZT)OZR 16 DX SICREL, BT
HUTRDICED > TV KRR ERH#T 5. K7DE
BRIERLD, BLORy hEDfAE Ay < 55° X
Told n > 125° DFE, BEREVTICEISTRY b
EEOBDEFIITERWV. LHL, n<35° BXT
n > 145° DS, BEFEIC K> TRy MIAK
BNH 5 EWNTRTE S, TOHEIE Sub-Goal
ICHIERINA BB RV, 5L,
o LV VIV AT LE/NUELT B RED S PSD;
& PSD, Dl EHE D KEL TERV.
o PSD DIMREENBLZF lem TH 3728, lcm FE
BOFHEEERBTZ Z ENTERL.
TEeEERELT, LLTDFAEIC Sub-Goal IZX19 2
EEMA5.
case-l. PSD; IC K> THELONIZIREH#EN  LITTH
D, MDPSD; & PSD3 Ic kD 30° < <
60° TH 5 LRI NIGE.
case-II. PSD3 I K> TS NT/-EEEEN = LT TH
D, MDPSDy & PSD, I & D 120° < <
150° TH % LFBH S NHEE
753, PSD, DIEEEER p1, n=30°, 60° D& XD PSD;
DEEHER ZNTN p3, ph LT BE,

{ p3 = (sin 30°/sin 105°) py (12)

ps = (sin60°/sin 75°) pq

AL D ILDDT, case-11d (sin 30°/ sin105°)p; < p3 <
(sin60°/sin75°)p; £F/E 5. case- Il IC DWW T B AR
THB. 428ITiRB LEH, SEDEBETIEORY
R DEEMN 8~20cm/s THBZ &HEEL, = =40cm
CRRE L. i, BEBOWERXLUTOXSIKTS
538, (I, 0,) EAHIERED Sub-Goal Z&KF.

case-I. (1,6;,) = (PSD; DEEHE(E, 45°)

case-Il. (1,,8;) = (PSD, DEERE(H, 135°)

E 5T, case-l BEX U case-ll DEENFEIFFICHE-EN
1356, MACHEITE MM NER#TS. T
DEE, aRy MIZFOBICEFEL, BEOTESEE Y
VY VAT LIZE B 360° DAF ¥ UEITVRZEME
BRTB. TO%, 33HTHRNZEHAECEDE
0, 3R, TOHT O, AACEET S. DFED, &
HIZHTH 180° DRZERHRRDOAZITHI M, TEILEK
DOXSEHREBRETE, Ty Roy ZicasEZRCTK
BIT 360° DAF ¥ U Z2ITH. TDXIIC, REIIET
TV THHOBNZEENRZTHS LI
RBETHVATLORZLZRETHS.

4. 2 B

41 KYERLBREBICHITZEREMG X 9
OB, FEEHERE > TLEOME & AT TERE
EITS5ENTES. Thid, HEEEREBEOEDTR
TRERDPFELERVWNSTHD, FlxIE, EEfCxIt
B9 % X S BT RT Vv v UEIC & BBEZERDER
BMETEETHB. LA L, BREICK> TIIEEBHELTE
HMEDERVFETHH5EHH 5. TOFEE, FHEE
ELSBRELE L -BDEBSTHZDICH LT, BE
BB ZT> TWEWS EAELZERTH S, -
& Z K 7(b) D 50° 30 TR EEEHEN I ERICEE L
TWaH, BOMEEEYE TORECAEOERE
NELTED, 50~90° TEHMICE(LT 5. FEEEE
EREDMENTEEETHE UTR 17 I RBRERE, K
18BN T—2%RT. z72L, THOXSKER
ETIIBEREOERFICE > T ERc EhB<ILF
ISANRIEE 2%, —f%IC, <ILVF ISR ERIDDEEC
g BEHHEENR N L—RATDBERICH D, Thb
DEZRFIFEET ZBEZRDOIIIVFOKRE XIKET
3. LhL, BOoNEEEBECBWNTIIVLFINADE
ERUWT AT LRIRER#ETHS. T T, ARX
TIEEHT EBEZHROTXIVERNELRE L.

30°~60°, 120°~150° (TR DIEMEZR 2 &, K
XA PREHENES L TELNTEY, EE#ENSIET
NoDZEMMPREMTH S LHFITES. LML, B
BEZI T ELSDEEN K D RENHIMT S &

—105—

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

106 RBERY Y X 2 ERES L URSEOBRMERFIA L BEBE 0 R v b QBTSRRI

ITERV. —F, BoENSKDSNIZFZEMON
M6y 1342° THY, IORETBENBREINZ. K
19 IKBERE VT Ko TRLNZHEE BXIUR
FFHEIC K> TES5 NIz Sub-Goal * FEEERT. T7&
bbb, BEFEICE- T, EHEOATIELZ LD
TERVEYZRENER I NS ENHLMN RS
7z, Thig, RO T 2RIEOMTF X & LIk
HLUTEETEZHEMERSES C ENTERVERET
IEBWT, BEFENEDIEHCEERLTVS.
42 [EEYpE:EE
Tedd, “ERRITEREIOR Y M K BERETo /2. &
EMERZK 20(2) ITRS. TRy ME, ESEYHAME
&L, RFNRERD) SHEE S NSRS KX AZEM

REFEOENERHRT S

350 T 350 T T T
iddlo
300 miadle < 300
high ow  + %
middle v 3
250 | high o g M
goal ===m Q
- 3
5 200 % -
% $
< 150 . ¢
‘ S
$
100 S b
g
50 | #f —
B B
-150 -100 -50 0 -100 -50 0 50

100

x-axis[cm]
(a) Trajectory of robot with
avoiding obstacles.

x-axis[cm]

(b) Trajectory of robot from start

to goal (300cm).

130 R
60 40 30
A %
26
AT
— * X obstacle —
E E
45
sonar
. odd robot
‘ 75 lj 55 .

Fig. 17 Experimental environment (unit=cm).

1200 T T T T T 300
Integration value —+—
1000 + o Distance ---x---so0e
3 (! Py T
g 800 N 200 5
S 600 ‘ 8
s ‘ &
=4 ]
g 400/ 100 2
T 200
0 1 1 1 1 1 0
0 30 60 90 120 150 180
angle [degree]

Fig. 18 Obtained data in Fig. 17. There is inconsistency
between distance and integration value.

200 T T T

wall & obstacle -
distance —+—
sub-goal O

path ---%---

150

y-axisjem]
o
[}
o
T

50 | :

0
-200 -100 0 100 200

x-axis[cm]
Fig. 19 Appropriate path is planned in spite of the
existence of inconsistency. :

Fig. 20 Experimental results using mobile robot.

K> TV XHICHENT 3. ERRICHWEORY
rDIST A—&IE, L =107Tmm, r = 28mm ThH 5.
F77, Tsonar = 20ms, nTsoner = 960ms & L, 180°
AF ¥ VT BHICn =48 EDREZEIT> . BRY
FOEER, F1DOLIBD 8~20cm/s &L, R2IC
Mo TIREST B, aB, FHAHIEEEES, BELE
BEEEICITo 7. oL E, ERbOBEERITE
X% 8~20cm &% 3N, TOEIEEDREICLL
THEYICHBEI NSO, TIREICELES XS
EEIIFHRICEHEN T o 2. 25, K 20(a) ISR TH
BhiZ, TRy FOBEE 480ms i Ty FLTzE
DTH3. COFERIS, TRy b, HEEZENIC
FIE LA SEEYZEMTE ST L2 R L.
4.3 FEEHEOFME EEFEOZYEEZBET
T 5728, Ry FOBERHOFEZIT> 2. RER
ZERRISERmUCE Lz, K200b) ISR &80, &
BEVME L T 50Ry b, y ARANC 300cm FEE)
THETOEMEZEHAIL. DIz, HEF Low,
Middle, High &—EIC L TOERETo 2. EBRIIE
FHEICDWT 10 BT DTV, BEREETICT—)VIcE
ELEEROBIE, E5Icd—VIcEET B ETOFE
R AR Lz, &, FERREI—IVIcEEL
T IT O R > TH D, KB LEERTICOVTE
FERBEAERDZENSORAN L. BRER1ICE
LB, £9, aRy bOFEE% ‘High' ICEE LG
&, d—IVcERET 2 EEImIRICNE L 7R5. BE
BNEL T BICHE->T, d—NDOBEERITI LRT
BH, HEMN Low’ D& ZiIcI—IICERET B ETD
REENE, ‘High’ DL XD 25 LK >TWV%. D&
D, BEZBELLLED d—IABETZEE &
‘T—)VICEET % £ TORRE &~ L— R4 7 D%
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Table 1 Travel timeand achievement ratio.

variable speed fixed speed
(proposed method) low middle | high
achievement ratio 100% 100% 80% 30%
travel time [s] 20.48 41.86 28.87 16.48
speed [cm/s] 8/12/20 8 12 20

Table 2 A rule of how to determine speed.
T, [om] I, <30 | 30< 1, <45 | I, >45
speed [cm/s] 8 12 20

iZH 5.

THhICH L, BEFEEIFNCEEEZYDEZS T
LICED, BNI—IADEEHEREFE NS J—
JICEBET % & TOREEENEST 5 C EWATBETH 5.
X 20(b) IT/RT &BD, TRy hHABEEWICHEENT
W3 y BN 0~80cm DHUE T, TRy FOEE
BNELZB. —75, yEEEN 100~300cm DHIRT
i3, KEEBEZEENGEET 5700 Ry FORER
KRELEB, ThiE, BEFREICXHEEHBEOE
EERTEDTHS. '

5. % & &

AWM T, AllEE Y & LT—RICAVNSNTWY
BREEWE T OTIRESEE LT, KEkoRk
SERFIRT AEOEBE R VY RRE L. B
BEERE O TIE, BEEEEELEAEDbE S LIk
bRy MNEAFAOHZEMZRE L, ZDRFTHTER
M5 Sub-Goal ZERT B LickhaRy FriEE
TEHETHS. BB S LT, EEYH
EREET2BE - TREED DI > KBETIEIL
FISADE R X TEBETE S ERERB S EHHE
HTHEN, BREFEICOES TRRICBIZEN
BZERaERRE N DT A D, HENZIETATEL
RFTVEBHE L ORI AfiEEED B LD L LTI
BICEHETHS. b, “HMEBSORy Fed
ETBHLICKD, ZOEGROEEAREE%, Sub-
Goal DIERM SBHITHETRDENBZ LBERL
7o, BRI X AEROMER, TRy FHEEEEEL
A DEEYEERTE S L ERL, BEFEOE
BEICBT 2EMEER UK.
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