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Abstract Currently, with the aging of society and the extension of life expectancy, the number
of elderly people whose physical functions have declined is increasing. Walking training is effective
in preventing such decline, and a walking training machine incorporating robot technology has been
proposed. In particular, omni-directional walker using omni wheels that can move in all directions
have been studied, but when omni wheels are run on slopes, running stability deteriorates, for
example, the straightness is impaired. Therefore, in this paper, we compare the behavior of omni-
wheel mobile robots on planes and slopes by applying two control methods, PID control and
adaptive control.
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Table 1:
M [kg] 6.0

Lw[m] 0.15
rw [m] 0.04
[/rev] 300
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3 Σ ΣA

Σ ΣB

ΣA

XC = [xc yc θ]
T Σ

XG = [xg yg θ]T Σ

XBG = [xBG yBG]
T ΣB

vwr = [vwr1 vwr2 vwr3 vwr4]
T

vws = [vws1 vws2 vws3 vws4]
T

θi xA CP i

ϕi xA GP i (i = 1 4) LGwi

λi LGwi CP i

ρi LGwi CP i

ẊC ẊG vwr vws

vwr = KCrẊC (1)

vws = KCsẊC (2)

vwr = KGrẊG (3)

vws = KGsẊG (4)

KCr KCs KGr KGs

KCr =

⎡
⎢⎢⎢⎢⎣

− sin θ1 cos θ1 Lw1

− sin θ2 cos θ2 Lw2

− sin θ3 cos θ3 Lw3

− sin θ4 cos θ4 Lw4

⎤
⎥⎥⎥⎥⎦ (5)

KCs =

⎡
⎢⎢⎢⎢⎣

cos θ1 sin θ1 0

cos θ2 sin θ2 0

cos θ3 sin θ3 0

cos θ4 sin θ4 0

⎤
⎥⎥⎥⎥⎦ (6)

KGr =

⎡
⎢⎢⎢⎢⎣

− sin θ1 cos θ1 λ1

− sin θ2 cos θ2 λ2

− sin θ3 cos θ3 λ3

− sin θ4 cos θ4 λ4

⎤
⎥⎥⎥⎥⎦ (7)

KGs =

⎡
⎢⎢⎢⎢⎣

cos θ1 sin θ1 ρ1

cos θ2 sin θ2 ρ2

cos θ3 sin θ3 ρ3

cos θ4 sin θ4 ρ4

⎤
⎥⎥⎥⎥⎦ (8)

XBG

ẊC ẊG

ẊG = KXGẊ +

⎡
⎢⎣
ẋBG cos θ − ẏBG sin θ

ẋBG sin θ + ẏBG cos θ

0

⎤
⎥⎦ (9)



K̇XG =

⎡
⎢⎣
1 0 −xBG sin θ − yBG cos θ

0 1 xBG cos θ − yBG sin θ

0 0 1

⎤
⎥⎦ =

⎡
⎢⎣
1 0 p

0 1 q

0 0 1

⎤
⎥⎦

(10)

xG yG θ

Fwri Fwsi Pi

(vwri ) (vwsi )

M IG

MẍG =

4∑
i=1

(−Fwri sin θi) +

4∑
i=1

(Fwsi cos θi) (11)

MÿG =
4∑

i=1

(Fwri cos θi) +
4∑

i=1

(Fwsi sin θi) (12)

IGθ̈ =

4∑
i=1

(λiFwri) +

4∑
i=1

(ρiFwsi) (13)

M0ẌG = KT
GrFwr +KT

GsFws (14)

M1ẌC +M2ẊC +M3 = KT
CrFwr +KT

CsFws

(15)

M0 M3

M0 =

⎡
⎢⎣
M 0 0

0 M 0

0 0 IG

⎤
⎥⎦ (16)

M1 =

⎡
⎢⎣
M 0 pM

0 M qM

pM qM IG +M(x2
BG + y2BG)

⎤
⎥⎦ (17)

M2 =

⎡
⎢⎣
0 0 ṗM

0 0 q̇M

0 0 M(xBGẋBG + yBGẏBG)

⎤
⎥⎦ (18)

M3 =

⎡
⎢⎣
ẋBG cos θ − ẏBG sin θ − ẋBGθ̇ sin θ − ẏBGθ̇ cos θ

ẋBG sin θ + ẏBG cos θ + ẋBGθ̇ cos θ − ẏBGθ̇ sin θ

xBGÿBG − yBGẍBG + xBGẏBGθ̇ + yBGẏBGθ̇

⎤
⎥⎦

(19)

3

3.1 PID

ẊCd (1)

vwrd

PID PID

u(t) = KP e(t) +KI

∫ t

0

e(t)dt+KD
de(t)

dt
(20)

e(t) = r(t)− vw(t) (21)

u(t) : e(t) : r(t) : , vw(t) :

KP : ,KI : ,KD :

Table 2

Table 2: PID
KP 1.2
KI 10.0
KD 0.0

3.2

3.2.1

mi μrci

μrvi

Fwrf
[3] sign()

Fwrf =

⎡
⎢⎢⎢⎢⎣

−m1gμrc1sign(vwr1)− μrv1vwr1

−m2gμrc2sign(vwr2)− μrv2vwr2

−m3gμrc3sign(vwr3)− μrv3vwr3

−m4gμrc4sing(vwr4)− μrv4vwr4

⎤
⎥⎥⎥⎥⎦ (22)

3.2.2

(15) M1 M2

M3 Fwrf

M̂1 =

⎡
⎢⎣
α1 0 α2

0 α1 α3

α2 α3 α4

⎤
⎥⎦ (23)

M̂2 =

⎡
⎢⎣
0 0 α5

0 0 α6

0 0 α7

⎤
⎥⎦ (24)

M̂3 =

⎡
⎢⎣
α8

α9

α10

⎤
⎥⎦ (25)

F̂wrf =

⎡
⎢⎢⎢⎢⎣

α11sign(vwrd1) + α15vwrd1

α12sign(vwrd2) + α16vwrd2

α13sign(vwrd3) + α17vwrd3

α14sign(vwrd4) + α18vwrd4

⎤
⎥⎥⎥⎥⎦ (26)



αj (j = 1, ..., 18) αj

α1 = [α1 α2 ... α10]
T (27)

α2 = [α11 α12 ... α18]
T (28)

uADP α1,α2

uADP1 = (KT
Cr)

+(M̂1Ẍd + M̂2Ẋd + M̂3 +Kė)

(29)

uADP2 = F̂wrf (30)

uADP = uADP1 + uADP2 = (KT
Cr)

+τ (31)

α̇1 = Γ1H1ė (32)

α̇2 = Γ2H2ėw (33)

(KT
Cr)

+ = KCr(K
T
CrKCr)

−1 (34)

ė = Ẋd − ẊC (35)

ėw = vwrd − vwr (36)

H1 =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

ẍcd ÿcd 0

θ̈cd 0 ẍcd

0 θ̈cd ÿcd

0 0 θ̈cd

θ̇cd 0 0

0 θ̇cd 0

0 0 θ̇cd

1 0 0

0 1 0

0 0 1

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

(37)

H2 =⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

sign(vwrd1) 0 0 0

0 sign(vwrd2) 0 0

0 0 sign(vwrd3) 0

0 0 0 sign(vwrd4)

vwrd1 0 0 0

0 vwrd2 0 0

0 0 vwrd3 0

0 0 0 vwrd4

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

(38)

Xd = [xCd, yCd, θd]
T

vwrd = [vwrd1, vwrd2, vwrd3, vwrd4]

K = diag(K1,K2,K3) (39)

Γ1 = diag(Γ1, ..., Γ10) (40)

Γ2 = diag(Γ11, ..., Γ18) (41)

Table 3

Table 3:

Ks1 0.1 Γ5 0.01 Γ11 0.1

Ks2 0.1 Γ6 0.01 Γ12 0.1

Ks3 0.1 Γ7 0.01 Γ13 0.1

Γ14 0.1

Γ1 0.1 Γ8 0.01 Γ15 1.0

Γ2 0.01 Γ9 0.01 Γ16 1.0

Γ3 0.01 Γ10 0.01 Γ17 1.0

Γ4 0.01 Γ18 1.0
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Fig. 4: definition of xy coordinates.
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Fig. 5: PID-plane-straight.

Fig. 6: PID-plane-square.

Fig. 7: PID-slope-straight.

Fig. 8: PID-slope-square.

Fig. 9: ADP-plane-straight.



Fig. 10: ADP-plane-square.

Fig. 11: ADP-slope-straight.

Fig. 12: ADP-slope-square.
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