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Driving and turning motion control of wheeled inverted
pendulum using periodic time-varying gains
O Kenta KIYOHARA (Okayama Pref. Univ.), and Takahiro INOUE (Okayama Pref. Univ.)

Abstract : The purpose of this study is to control driving and turning motion of wheeled inverted pendulum by regulating
the input voltage of dual motors. We show that a two-wheeled robot developed is able to run smoothly and turn around by

means of periodic time-varying gains newly designed in this paper.

1. %5

FOOLD ETHEPHERYSIINTHERIIBNT, F
EEYNZENT L TROBEZVTRHRITS I ENTE S.
BN T B EBRC, @EYREEZIT S Z & CRINIREZ HE
Frg o Z e TE, #H LWHIEITFEOMEEXR HIEE N %
RO L THWSNT E -, ANiRFAIZIZIEY
FAMEEVEAEL, HiRORERIZ L VIR 2HEN I E5H
RN IRFH T DT TH 5. INFETIT, HRAMELT
IRFZIGHUZAA=YFILEL) T 1 BEHTRY bAEH
FEXNTHY, GRS /A D B F S FEr s, 5%
ZD&SRARY MBEZEEEZOSNS.

PERDEHE L ¥ 2 L — X MG % A 72 IR R E R 70
B, BNIREE (0 =0) 2HMMELTED, 6 ~0i
BETRIALT 2 Z e W% h oz, FTDD, BEMNIFZEA
LD S MEEB BN B B ETHIETIX R E U7 BT
MNHHETH o7z, ULDUEHS, W REAEMNFT 55
HERENZ BT 5 EFHIEICII D E LD REETH - 72
ZHuUZx U CTEILS X, Zero Dynamics % FIFH UEIZ
NELEILHHEALA LML E & 5 Z LT, Bk
oAy bOEEBEGIEEEE LTS [1]. £72, I
1 S (T ELBIHIAEE I & B EIERRIC B I D LEEDE N A
UDRBENT A VEAWT, EfTRORBIC L ST A v
EEZBTA VBRI &K O Y — RS U CHrEDAL
BECOETHMEZERLTWS 2. LrLads, 2
NS ORI ITEROHIEI TN TE D, kOl
EROBMREDE LTV, F/z, HIRHMENIRTOR
HHHOMEIZ BN THEDZEBR ZHIHT 55 D% <,
HE L NEZ FRFICHIE T E AIRIEH E DRI NT VR
W [3] 4.

Z ZTCAIIETIE, HRHRENIRFIZBWTET ML
LHEE AN E— X OERHEN S, E—XRETEEASLLE
U7zREESREA 2B L, Bl ¥ 2 b —&XHEEm% FHWT
BOMOREY — R AT LEBKT 5. ZLT, TOV
AT LZAMEEES 2525 2 T, ETHEB X OhEER

HEHZEITS. £7z, JIAWRE T 1 12 & 5 E TR % 1T
WEDERM:Z EBRINICHEET 5. [eRFEICB W THE
DA% % HEMEE S & § 2R 217\, AR o
VERAWZEZEDEVWEIHSNIZT S,

2. HBHUENIRFEETUVY

AWRSE T W BinE Tk 7% Fig. 11TR9. HKIC
X, flfRELTOY A3y, BERELTOE—X, K
RevyelLTVvyasaker¥, BhEELTAY T2
BT2AMMORy NTHD. EADHIRHE—RIZZTNH
FHNLIZEREN ST 2 Z e TE, <A 312 K B SR
5 PWMEFIZLD, E—& NI \[EEEEN L THI
Wz1T5.

2.1 REAERKXNDEH

AWETIE, 1 RTDFHEE T IV & HWTHEE) HREAE
BHL, E—ROBRMDNSE—XBEE AL LIIREE
HREREZEN TS, £9, HMEARRNIOWTHHT 5.
B AGREAZ ST 5720 HWZFEE T V% Fig. 212
RY. KNTA—RK% Table. 1 ITRS. 22T, AADHE
% EETIVICEIGXE 5728, HIgOAEZLADH

Fig. 1: Appearance of wheel inverted pendulum.



Table. 1: Parameters

Name of parameter Symbol | Value Unit

Mass of body part M 7.0 [kg]

Mass of wheel part m 0.59 [kg]

Center of gravity distance from axle L 0.10 [m]
Radius of wheel T 0.0435 [m]

Distance between wheels b 0.455 [m]

Moment of inertia with
respect to mass center I 8.9E-02 | [kg* m?
of body part

Moment of inertia with
respect to mass center J 47E-02 | [kg - m?

of wheel part

Viscous friction coefficient of wheel D, 1.0E-04 | [kg - m?/s]

Viscous friction coefficient of body Dy 1.5E-07 | [kg * m?/s]
Gravity g 9.8 [m/s?
Viscous friction coefficient of motor D, 1.0E-04 | [kg * m?/s]
Motor moment of inertia Jm 7.9E-06 [kg * m?]
Armature resistance R, 0.58 €]
Coefficient of the voltage induced K, 0.29 [V/(rad/s)]
Constant of torque K, 0.29 [N - m/A]
Gear ratio N 15 [

Y

195
md x

Fig. 2: Model of wheeled inverted pendulum.
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Fingertip-tracing Control using a Multi-joint Robot with
Sensor-contained Soft-finger
O Yoichi FUKUMOTO (Okayama Pref. Univ.), and Takahiro INOUE

Abstract : In this research, we developed a fingertip that can be attached to the tip of an articulated robot. This fingertip
uses a flexible polyurethane resin with a built-in pressure sensor on the contact surface with the object. Furthermore, since
the acceleration sensor is attached to the upper part of the fingertip, it is a compound sensation sensor which can detect
pressure sensation and vibration sense which are mechanical stimuli. Texture detection is performed using this sensor, and it
is shown that it is possible to quantitatively acquire the feature quantity. Finally, we verify the usefulness of this mechanism.
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Fig. 1: The structure of the fingertip.



Table. 1: Relationship between searching action and
tactile information (© is an extremely suitable motion,

O is effective motion, @ is very suitable, and essential

motion)

[o]e[o|o[oo]|a
Lateral motion ©|O| O
Pressure O|l© |0
Static contact O © ONN®
Unsupported holding O|O0O|O©|O|O
Enclosure OO NONNONNONNE)
Contour following CHNORNCHNONNCHNONN

zZ

lp=64 mm
[,=105 mm
[,=105 mm
[3=53 mm

Fig. 2: Three-link robot model.
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Soft Grasping for Pliable Objects with 3-Fingered Robotic Hand
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Ysuke ARAKI and Takahiro INOUE, Okayama Pref. Univ., 111 Kuboki, Soja, Okayama, 719-117 Japan

In this paper, we propose the method of grasping “

” objects with 3 fingered-Robotic hand. In order to

realize this, we newly developed fingertip sized Young’s modulus sensor. Measuring pressure on robotic hand
fingertip with the developed sensor and using expanded Hertz contact theory make it possible to estimate
the Young’s modulus of various softness objects. Finally, we indicate about effectiveness of proposed method

through the verification experiment.

Key Words: tactile sensing, Hertz contact theory, 3-fingered robotic hand, soft grasping
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Fig.1 Model of rotational inverted pendulum system.

Table 1 Parameter values

Mass of first link me | 159.2 x 1073 [kg]
Distance from first link to second link lo 0.2 [m]
Moment of inertia of first link I, 6.9 x 1073 kg - m?]
Viscous friction coefficient of first link | C, | 1.0 x 107% | [kg * m?/s]
Mass of second link mg | 65.3x 1073 [kg]
Length of second link lg 0.222 [m]
Moment of inertia of second link I 4.0x 1073 kg - m?]
Viscous friction coefficient of second link | C5 | 1.3 x107% | [kg - m?/s]
Gravity g 9.8 [m/s?]
Viscous friction coefficient of motor Dy, | 1.0x1073 | [kg * m?/s]
Motor moment of inertia T | 416 x 1077 kg - m?]
Armature resistance R, 33.3 (€]
Coefficient of the voltage induced Ky | 26.2x 107 | [V/(rad/s)]
Constant of torque K, | 262x107% | [N-m/A]
Gear ratio N 24 [
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Fig.2 Single sampling period control(Ts1=Ts2=>5 ms).
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Fig.3 Dual sampling periods control(7s1=10 ms,T52=>5 ms).
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Fingertip-tracing Control by a Soft-fingered three-joint robot
for Roughness Identification
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Yoichi Fukumoto, Takahiro INOUE, Okayama Pref. Univ.
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Fig.1 The structure of the fingertip.

Table 1 Relationship between searching action and
tactile information (O is effective motion, © is an
extremely suitable motion, and @ is very suitable,
and essential motion.)

O @ ® ® 6 6® O®
Lateral motion © O O
Pressure o © O
Static contact O © o O
Unsupported holding O O © O O
Enclosure o O O O O 0
Contour following o O O O O O e
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(a)Three-link robot model. (b)Three-link robot arm.
Fig.2 Apparatus of three-link robot.

Fig.3 Robot motion in simulation.
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Fig.4 Sand paper.
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Fig.5 This figure shows that frequency of power spec-
trum peak is proportional to the logarithm of the
grit point of sand paper.
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