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Table 1: Physical Parameters of NXTway-GS

z v y . Symbol Value Unit Physical property
Zp [T MJ, ?’ w g 9.81 [m/! Sz] Gravity acceleration
! Yi /
=] N/ Vs 8 m 0.03 [ke] Wheel weight 2
9,,: ) /Ot Ym A e R 0.04 [m] Wheel radius
F E— o ::JI/R Yr % Jw mTRZ [kgmz] Wheel inertia moment
L f M 0.635 1] Body weight 23)
/4 w 0.14 [m] Body width
X; X Xp X, x
D 0.04 [m] Body depth
H .144 Body heigh
(a) Side view (b) Plane view 0 [m] ody height
Distance of
Fig. 5: Side View and Plane View of NXTway-GS L 4 [m] center of mass
. - from wheel axle
T2k LE%2 (Fig. 8). 2 2T, NXTway-GS 25817 -~
) Y 3 ody
ORI, KA TERINS. i 5 _
Jy =5 [kgm~] pitch
1.5%0.15sin[2 X 0.125 - - (x + 0.25)] inertia moment
if (x < —0.25) . Body
M(W2+D
0 Jy ( 5 ) [kgmz] yaw
= if (-0.25<x<4) [em] (10) inertia moment
0.15sin[2 X 0.125 - - (x + 4)] DC motor
if (x>4) I 1x1073 [kgm?] inertia moment
26)
7’;; 3‘3, %Eﬁ%'ﬁ: [ Table 2 Iz ﬁE 5 . Z @%ﬁﬁ%%ﬁi b 5 DC motor
3.2.2 VCFH W3 #gj :7:2“'— 57 fﬁ% ‘; “ 5. R, 6.69 [Q] resistance
27)
Robot DC mot
(Inverted Pendulum) motor
K, 0.468 [V-s/rad.] back EMF constant
27)
K, DC motor
State—Feedl?ack Stabilizer K, 0317 [N-m/A] torque constant
( Applied LQR ) 27
Fig. 6: Control Input Obtained by Mixing the Action and B 1 [ Goar atio 260

Command Inputs — -
Friction coeflicient

1.5+ fn 0.0022 [1] between body
] and DC motor 20

s 1.04
E‘ 05% Friction coeflicient
é 005 fw 0 [1] between wheel
§-0.5§ and floor 26)
-1.0
s Table 2: Simulation Parameters
5% 3 10 5 20 25 Symbol ‘ Value ‘ Unit ‘ Physical property
. X time ] . Yo 0.0262 | [rad.] Initial value of body pitch angle
Fig. 7: Command Input Signals (+1 Indicates Forward - —
. . . Y0 0.0 [rad.] | Slope angle of movement direction
Run, 0 Indicates Stationary Balancing) -
ts 0.05 [s] Sampling rate
32 KIf=E Ny 60 — Initial dataset length
Maximum
== B
321 RERE Nmax 501 — dataset length
2pEEE LT, RBF Kernel® #% 3@ L 72 Online for the prediction
SVR® ZH\\T w3 $FF—F L L T, HETERTH Step size of outputs for
7l I & (Fig. 9 065 Fig. 1212 B Z’Eﬁ;{f‘%) ZHw N 20 — N-ahead state-action pair
%. ?@%@$£}€ 7 A= 7% Table31ZmY. 22 <, predictor’s outputs
= dlm(Xl) VC% 5 . Coeflicient
3.2.2 %%ﬁﬁ%% (\:- % @*ﬁ%ﬁ Co 0.05 — for the standard deviation
Fig. 9(Fig. 10) & Fig. 11 12 & 1T 2B IZIR O vy F of the predicted values
45 B CTRGIENE A, Fig. 12 OBEBXIEAT) u(o) Caltation o
@?@IE;%ST{%’:/T? LTWw3. =2 VCE&&) T%E/ﬁm‘a— 2k , %B%‘% Ny 10 of the slandfilrd deviation of
PRI I 775 T 2 3571, T = 3.00[s] the precicted values
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Fig. 8: Simulation Environment (the Shape of the Floor)

Table 3: Learning Parameters of Online SVR
Symbol ‘ Value ‘ Property

C; 300 Regularization parameter or predictor of x;

€ 0.02 Error tolerance for predictor of x;

Bi 30 Kernel parameter for predictor of x;
DETH 2. REiCTlE I DREZRE Z, (1), 0() IO u(t)
DRIIERT RIS B W TRA T DR D 28I D> T L
W ZEET 5.
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Fig. 9: Control Response of Body Pitch Angle y(¢) using
the Proposed Method
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Fig. 10: Control Response of Body Pitch Angle y(#) using
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using the Proposed Method
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Fig. 12: Control Response of the Control Input u(#) using
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