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Practical Education Curriculum for Autonomous Mobile Robot
—1st report: Development Toward Objective Behavior with High—Speed
Approaching Obstacle Avoidance Based on Subsumption Architecture —

Yoshihiko KAWAZOE

Department of Human-Robotics, Faculty of Engineering, Saitama Institute of Technology

There is no robot around us in our society at the current stage if we define a robot as an autonomous
machine working in the arena of offices, homes, and disaster sites, etc. outside the factories. Mechatronics,
dynamics and robotics involving humans are the world of strong nonlinearity. This paper has investigated the
approach to the emergence of the objective behavior with high-speed approaching obstacle avoidance of an autonomous
mobile robot by learning with Subsumption Architecture (SA) for breaking through the problems of the conventional
robotics with SMPA (Sense- Model- Plan- Act) framework in the real world. It showed the way of learning in the real
world with SA in order to develop into practical education curriculum as an introduction to Robotics having an
intellectual and emotional appeal.

Key words: Robotics, Autonomous Mobile Robot, Subsumption Architecture, High-Speed Approaching Obstacle

Avoidance, Objective Behavior, Emergence, Practical Education Curriculum

1. IZC®HIC

NEPEMW) OGRS 70 @B, FERRIE CA
HEE DLW BRI 2 75 A il L CHEBLE
N5, —J, aRT 47 AL, ANESBEM)OE
SRR A I EBLL L9 L35 b olzizn
IR0,

exZpm ARy MBENEDN R 2 LIRESND —
KT, BXIThbi=v Ry Ml#EEi oM
mR ey M ORI > THRIZAX DZ IR
FLEBERIAELTWD En D D mRy SR
BRI EE e TRy MO & I3 h
DD TR TN D.

—Ji, vARy FOANREBENERIZOWVTIE
—BORLAL TN TEY 23, imd ik, v
Ay FRBIRE R CHE B CE 20 BITHETR

-37-

TOXIICRAD.

BUEMF THRCEI AR Yy MIZEZHD
&0 IR - FEE RO BN D .
BRIZT AR TEV AT MeT bbb AENEL
EH LT, AROETEZAIMET S Z &
TERV. Lo T, BRIFHINEORE bW
FRAIRITR D, vl y MTE o> TARET
RHDOREE(BR)IED G, HTE NG Lon
Ay MIARICE-THIEEIND 9.

ek DB R v ML SMPA (Sense -Model
-Plan -Act) 7 L' — AT — 7 [ ZHAD BT LR —
Ak -mRy b (X 1) LT, SAREES
P TR L, TOET N ENEICHEL, 178
FHEZ N T, £ L TCEREIT#H A2 3. L
L, ZOX5REFHFATIEZ>OKRE 2 ME



BETH#RFETER M

WBRBHDH. —OFRRNRA MR ADKRMTHD.
BHEREE EBT AR 22— /LD 8 Z/NTHEY R
HDE, BEITHNIN 1O X ) ITEMmA 7Rk
L. ORI FENRER A THD.
& HEAER R RILUIC BV TEEY 2 —VIZ D
EFLEHNWZELTYH, ENOLEHATDHEDE
SEDIRNZ ENEW. FT, SHEREEY 2—
D EZIPNTHETZ IR AL LD &7 5 &,
FRMMOMEETE Y 2 — L ORI L,
FERTRTOEY 2—LE—nBIEY BT 2
LiT72% D9,

—Ji, Ty 7 AREE Lo aEBEE (SA:
Subsumption Architecture) % FF-O>1TEIR o 7R
b (K 2) 1%, BEEITE) SRR D BT Y
a2 — VAR WHIFNCFEA BT &, REBITHE
MNmEL T, EL LUV DFTEIN LI L T
b, ALV OITEYNFEAT SN, Hamiiek
aps <. BLEMRCEI S v v F3REEICHE
N%&E\ ESETHETEBLTE S5 Y-8,

TR, SAZHOEN—ET « X=X | -
a2y MK LT, RO T8I 2 LT 52
JED TER S DI BHEBTE HNEIRO AR
KHLTE W], HDHWIE TR TERN 7
ELWOHEHINRSD ). L L, FRITEAT]
& Brooks MR L7= & 912 19, {BFEE70Ek
DERTOFEZID AL THIFE LOFERIT
"o, £72, TR - FOSHR TRlik S 47
TENE, fTEIR CHMNZ TH Y BEEY % [0l L7
WO EHO FRA~BEIT 5 &) LD REE
IZRATENH IR TE 720y 1D 1Dl 5 15 (2gk
WERICRAME S0, 2 AT EF SO 7=
OOFEEIZLAT e —F % SA L L0
bdoHN D, EAITE) (BERITE) OArbH
Tz, HDHVITFEEOFMEER Z Db DI
RINFED . MR L L CORZ TN T SA
WL DHEER ARy FOREZHMRT 52 L3 T
7 0. BEFATEN A BASOR TEN 2 ISR D
VEITENZ L0 5T, SA ZX—XiIZL
7= Brooks MEHEZR L L COMBIn ARy MIZ
D& R EZITROT N1,

AT 1 Tk, K¥Ee Ry hRFEROeRT ¢
7 ANMELTO TZRBfTaRy VT a

-
—

00 =

-38 -

2010 (SFRK 22 4R 31T

7T L) BT L, EE LT —J7, 16k SMPA
IZHDL Ry FOERREIZEIT HAER LK
Moz 7L —27 4 57-0I12, ERETESL-H
MEitE LRy MR A X DR TEE
BUCK D PR L, TORRE K ERITE L
LTHA LT TAL T u S0 0 LTS L
TWBBAZ A Vb a—~ 2 BRT (7
AL LTHREL, EEL. B oL
LT, AHD XS ZENEEY D CHAM
\ZREEY) 2 [l8E L7228 5 CCD 1 A 7 CIR L BE
DRV ERRT D 0 ) BIITE), X512,
WIZleo T ZHOOHAD LB D L 9 72
MEZR RO BRI EE LTz & X1, WERGR
S OWEREE X0 B LW ERITE A R A
TR A R T D R EBR TR AT 20
22)

AR TlE, MERGRraEMElkic LY, &
WA E— RCHL L TL DfEEY 2 &L
RN HOHITE (AR ORIBUTERL,
my hDOEFRL AR (NF - 8) ([P E
EEREZ FFO b D, D\ ITEEKEEIZ N X T
HMMREZ 2 T d bk L, ey b
RIS DOFE T 0 7T LHFE ) ke 2=
T 5. BRI & RBEARR O R 2 —ikayF
BICEBH T 28 NEE) ZENHNTHS.

Lv.0 Lv.1 Lv.2 Lv.3
S : Escape > Avoidl, Avoid2 > Search > Cruise

Fig.2 Example of Subsumption architecture



BETH#RFETER M

2. ZFOAFEBELICLIB8EBHAKRY FO
BHTEID SR

30, A Y TERL-AEBEHa Ry K
Mobile-2003 Z /=3, HlfHH = br—F1%, €
Fm—F 68332 (25 MHz, 32bit CPU)# # D
JOKER #1:8 Eyebot % H\>, CCD # A Z¥m R
> FORIFIZHT CTEE L TRy hORIETO
AR Lz, ORI 0.3 [s]REE DR 2 5
L, fthoo BE%k D ALHR R ~BER 235372 5 D T,
RZTWDHTXTOE%Z CCD 1 A7 CTHIErT 5%
DOTIERL, RATWDETHOF O — /[0
RGB % a3 (Hue : 0~252) (22548 L C DR
BRI 2 MG L=, X 41%, ERERBEICE T 5EE
MR 72 EOOEFRFERTH Y, FREDIK L
HEOREEYO G (Hue) EAMMOGOME L K
ZJHEN TV S,

5~ 7 1%, BfEEI= A Y & Mobile-2003
DEFATEN OB X Z/RT

50, vy b RE%E Search (BEZR) L7z
& EDOEEDOHAY JER O BERITE A2 R~
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Fig.6 Escape behavior: collisions by bumpers with obstacles and escape actions.
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Fig.7 Avoid 2 behavior of Robot-2003: Obstacle avoidance by PSD sensors in the narrow passage (30 cm width).
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Fig.12 Measured AD values of PSD (Position Sensitive Detector) characteristics
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Fig.13 Robot-2004 Avoid behavior: Obstacle avoidance by PSD sensors in the narrow passage (40 cm width).
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Fig.14 Introduction of relative velocity for recognition of high speed approaching obstacle at the relative distance.
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Fig.15 Subsumption architecture of autonomous Roside2(1) | within 20cm Avoid2: Detect obstacle
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Fig.16 Subsumption architecture of autonomous Mobile-2004
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Fig.17 Behaviors of high speed approaching obstacle avoidance Avoid 3
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Fig.18 Autonomous behaviors of a mobile robot-2004 with complex trajectories

6) 40s

(8) 55s

A:Cream B:White C:Silver

D:Yellow

E:Greenyellow

F:Blue G:Red H:Green

Fig.19 Autonomous and objective behaviors of Mobile Robot 2004 with SA(Escape* Avoidl * Avoid2 -
Avoid3 - Search- Cruise) for searching for RED color using CCD camera with high-speed approaching

obstacle avoidance in a new unknown environment.
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Fig.20 Avoidance (A) of Mobile Robot-2004 against an approaching ball with a relative velocity of 70 cm/s
during searching for RED color.

©)t=167s (Mt=20s ®t=233s O)t=26Ts (10)t=3.0s
Fig.21 Avoidance (B) of Mobile Robot-2004 against an approaching ball with a relative velocity of 60 cm/s
during searching for RED color.

R\
©t=167s (Mt=20s ®t=233s @t=267s (10)t=30s
Fig.22 Avoidance (C) of Mobile Robot-2004 against an approaching ball with a relative velocity of 70 cm/s
without searching for Red color.
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Fig.23 Predicted alert avoidance behaviors of Mobile Robot-2004 against an approaching ball with a velocity

of 70 [cm/s] during searching for Red color.
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Fig.24 Predicted alert avoidance behaviors of Mobile Robot-2004 against an approaching ball with a velocity

of 70 [cm/s] without searching for Red color.
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