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An Optimal Steering Control for the
Articulated Body Mobile Robot

Shigeo Hirose*!, Edwardo F. Fukushima*! and Shin’ichi Tsukagoshi*?

This paper investigates an optimal steering control method for the articulated body mobile robot KORYU-II (KR-
II), considering energy consumption and trajectory tracking performance as the optimization criterions. The
computer simulation results of the basic control methods of KR-II's §-axis (bending motion between the segments)
and s-axis (rotation motion of the wheels), yield to the conclusion that the best methods are, the “moving average
shift method : §2” combined with the “position control with small proportional gain method : 84” for the §-axis, and
the “torque control method: s3” for the s-axis. The 62 method is to take the average value of KR-II's foremost
segment’s control angle 6 over the time to travel distance L (a segment center to center distance) as the next segment
command 6, and shift the command 6, to the following segments according to the moved distance. The 84 method
is to set the gain much smaller than the conventional gain value. The s3 method is to control the velocity of the robot
by equally distributed torque command for all the wheels. The experiment by the mechanical model KR-II revealed
that, although the trajectory tracking performance is somewhat deteriorated, the introduced control greatly reduce the
energy consumption and produce very smooth locomotion.

Key Words : Steering control, Mobile robot, Articulated body mobile robot, Snake-like robot, Wheeled mobile robot.
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Fig.1 A “segment” unit of KR-II

2. KR-II OO%4#8 & HIETARR

KR-II iz, Fig.1 0 X S icHEGROHERE THCEL, I
WRSER L DEEEIRI R HENER R AR T A EERE e EHE L2
—y Mg R T (8] »oBRa 3. HioRERIZESE
HIZiRRD 3SEHETH S :

(1) SHHEEOEEAROLEET *ERT 2% (2 BKE)

(2) HHEOZEEZLY OEEEESERT 2R (0K
#)

(3) HBETTHMOBEGRMELER (s BKEH

ZLT KR-IEZOES>ka=y MeShicHizEYIC
6EERL THREN TV, FL, —RBZ nEHiid n-1D
EREGTEE SN, VEODEBETENRS. KR-II TR, R
KBV EOOEELRIC, HETMOH LV ERLERHOHE 0
ESEEEE L GEEI N T WS, Z08 0 8, HEERE
(s ) 2w T ) —HEEIERK SN, BEOETTIR
Z DEERHGETH CHIF O M B > TES) LI RS o —
TELUTREET 2LD > Tw3s. £/, F0HEICII4EHE
BEOw=EFal—38ROIfFIohTwEH, IHNIEKROD
o EDEEE R & OBHAEEIEIC L S HEENEE S
RETEX2HDTHB. Fi(i=1~6) HOREHEKIZ, BR
b e xtBE R LD Fig. 1D L > CH®RTHEKR I L,
AWERA, EEHRECEFRTNERBZ A 7y b L
TRETERINTWS. 2 2h s DOREEHERBOEEEE D
OEEFEZ, HEEETEBRIND[1/2 A8 cL->TH
o TAOPEEEREL L) ICEREIh TS, i,
HR S AGEEOEEE 2 AL BB b S THIETS
FIEROAX BT 200D TH%. KR-II OFET
i3, BI~6HOEESBOB D 50[kg], %0 Hist 25ke],
sEih OB OERE L i 480(mm] T2 £ 3.3[m], HHilL» o
HRER S 2 TOE B 12 206(mm], &% 1.08lm]TH5. &
7z, KR-ILIZE#E (12V5Ah % 7f8), #lfAa> a2 —%
(PC-486 P+ %3 CPU), =MREMAOEBBEEE L ELBA
CEBLTBY, REENEBEHORY FTHD.

3. KR-II m#scHEx

KR-II O#fedlfE L 2, Fig. 2RI LIV af AT«
yIRECEVRZaTVTEZONE D, HBEVIEEROB
BEEFR 2 > BB S 2 5 h 2 BIEES £ R L 282 5E)
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Fig. 2 General block diagram for a mobile robot maneuvering
system
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27200 W EBEFETORME, MINE TOSHHUBIGH 72 B
%, BBEEHD O OB CRE T REBEIS VL, %
NSOV TRBE2RSD TR T EH LT 5.

3.1 KR-II & 0 Shigfthi
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B (03), £ L T dEDAIESRIES 1 ~ AL (604),
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3.1.1 BEIFHS 7 bk (62)

EXsOFEAENTERY 7 Ml (01) 3ERIER O R WL
KR-11 @ 0 s fEsific 3 #0  F CRBHATE R W, ok
2%, Fig.3(a)» o (b)D k> cEHEREZ L CHIET 3
KR-IIiwxfL, BEOHSAP 2@EBALILRETAT v 7RI
»HrEMAOEKEIRESNEZ NI LT 5.
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7%, BOHOHERIHAERERE L CRECEERH S K E
SRV FTBEI2RBERVBET S, ZhiZEHEBEORY
KR-IIBEOMETHS. KR-IDZD L RMESLIZ, 2
EREEIENEFAPARBELROEAT, FB0H~NDE
SEEBRALE 1 H0sE 0 i EdhARicED 3 & 5 odEh %
HEWCERTENEIMRTELTHSH. ZDk, ZIT
B [BEES Y 7 bk (62)) LrEsEIHEZHEAT 5.
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(a) The segment No. 0 initiates (b)
the cornering motion

After moving L[{mm],
the segment No. 1
finally will start the
cornering motion

Fig.3 Steering with an ordinary shift control

BEITE Y 7 bk, H2ERHEFEAD S LR ERERE
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f " z)dr
91(3):2LLL—* (1)
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BREEORICIE, SEHRIES S N BEHE BN S,
ZNLBOHADENERZDHERES 7 P LTERT 2 LW
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SEHNCIRBIM R IERENER SN TV B I L bh 3. &,
02 DBy 7 MBI X 2IERMEIZ 63 D& AIFHEEE
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Fig.4 Steering commands for a #3 method (solid line) compar-
ed with 62 method (dashed line)
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2) HEBOKAROED & BHROE D IIEEE L OFEBIC X
ZIFINFHEPEUCEHRCEBLNE2ETI20TORVE
v, ZOFTHZIFIZ) O INVFHBIIHNICT 5.
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4.3 v Ial—LasfERNDEE

AIETCRELL 8L s#HOFEREEZ IOV TR 217>
7:. HABRDLEDOHIBIEATHY, EMLizyiarv—yay
EHEROBEREZITRTIIBENTER W, #Z2TIITiE, Tablel
WREF DA %Y. Table 1 T(O1+s1) &> FELiL 61
DY 7 bEE s1 ORNEREBEimEE L 2 A &b o
2ITolbDTHBIEEZRLTVWS. BBIZOD(01+s1) D
BEEIRVBEEFRNEZEZ 50T [HEEfE] EFEY,

DBORitELLBOERE LY T 5. 72, 04(1/4), 64(1/100)
YR MOMNESIEY A v 2 FnFN1/4, 1/100 1 CETFL
YD THBEIEEZRLTVS. X5T, Eoa 3RSHET
ANE, D\ Vi ZEBOKF RGO B, traj. ZPEERMET
b3, B, PLEEEEOFMEIX Fig.5(a)~(d)XRT LS
2, Yialbv—vaYBEROVMOSEKRTRTHENE»SD
THNETHH LI DTHS. BohIERIIODVWTOEES
TR

Tablel Energy consumption for the right cornering motion

Method E(J] | Eo[J] | Es[J]] | Ewwl(J] | ratio | 2|Vl | ratio | Traj.
(61+s1) 7.8 116.5 160.3 284.8 1.000 1196.9 1.000 O
(62+s1) 2.8 104.6 | 104.6 248 .4 0.872 887.4 0.741 ©
(63+s1) 2.5 | 127.6 | 108.8 239.0 0.839 748.6 | 0.625| O
(63+52) 2.7 | 127.7 | 25.7 156.4 0.549 7346 | 0614 O
(82+53) 3.2 | 155.3 6.3 165.0 0.579 773.6 | 0.646 | A
(83+5s3) 3.0 | 134.9 5.8 143.8 0.505 665.3 | 0.556 | O
(6 2+ s4) 5.6 81.6 17.8 105.1 0.369 634.7 0.530 X
(6 3+s4) 4.1 79.7 17.8 101.7 0.357 544 .5 0.455 X
(02+s3+64(1/4)) 1.0 49.3 7.1 57.5 0.202 199.3 | 0.166 | O~aA
(83+s3+64(1/4)) 0.8 39.5 6.2 46.5 0.163 179.1 | 0.149 | O~x
(62+s3+64(1/100)) | 0.7 1.0 | 19.3 21.1 0.074 61.8 | 0.052 | A~X
(83+s3+64(1/100)) | 0.8 0.9 | 19.9 21.6 0.076 65.8 | 0.055 | A~X

(a) (@1+sl): ordinary shift method
O=good trajectory tracking

(c) (6#3+s4): geometric method with compensation of #-axis
commands shifting velocity
X =bad trajectory tracking

(b) (83+s1): geometric method
©=very good trajectory tracking

(d) (63+s3+64(1/100)) : geometric method with
Kp=0.01Kp originas
A =acceptable trajectory tracking

Fig.5 Example of performance evaluation of some trajectories

HFEoRy b E2FE12E5S
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3) Higk bV IFIHT AR ERN T A0, 3D
s R EEHIE 2R T % (02+s3) £ (63+s3) #HETL
7z, ThoE (02+sl) & (03+sl) e ¥ OEE % HEHIH T 2
Btk iR T % &, HIRTO T XV XIEE Es 3HED» I KIR
WEMTETWw3. Ly LEEERE RS TERL, £7220
MEOENE OMTHIELLD) LT 0EHTOZ LT
BEBMERLTWSE. ZRSDFER, 2L L TOZALVFE)
RORE I ZFNIFEE R\

4) #EFEEEZY 7 VEETHET S 4Dy 7 MVRERE
R EHIERE OB ORET bITo 72, COHARHRE 7 Y
—ZEEET 2 HEREEME T 50, TORIEIBL bV 2 ICHE
UT 2B MV BERMZ, ZORETOEDOY 7 N EEZH
BLUTHEMELE:. ZOER, (02+s4) & (63+54) % (62+53)
E(03+s3) LB T NITHS 2k & 512 Eo I3FED ICH
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(a) ADAMS simulation result

(b) KR-II experiment result

Fig.6 Comparison between ADAMS simulation
and actual KR-II cornering experiment results
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Fig.7 KR-II moving over an uneven terrain
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Fig. 8 KR-II moving around a shopping center street
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