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Control of a Two-wheeled Self-balancing Robot With a Sliding
Mechanism
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Abstract: Two-wheeled self-balancing robot maintains balance and performs driving functions using two wheels, featuring excellent
mobility due to its simple structure and wheel-driven system. However, when a long longitudinal structure is applied to increase
space efficiency, challenges may arise in balance control and slope entry. In this study, a sliding mechanism and Model Predictive
Control (MPC) were applied to achieve balance and driving control for a robot with a long longitudinal body. The system dynamics
were analyzed using the Lagrangian method, and a reference for the sliding mechanism was generated to support balance control.
Through Gazebo simulations, the performance of the MPC algorithm was verified, confirming that the robot could reach a stable
balance state through Swing-up motion and maintain balance consistently. Additionally, stable driving performance was
demonstrated in slope driving tests. We conducted experiments by applying the same algorithm to the actual robot, confirming that it
successfully performed stable balance control and slope driving control in real-world environments.

Keywords: Dynamic Model, model predictive control, wheeled robot

I. M2

o738 A|td Ztwo-wheeled inverted pendulum robot,

TWIPR)S 5 7o) vg]E ALgs] ~n2 73S o *
PYsh= ol EAE eTh TWIPRS T34 02 deatal
A W77} 8-0]8}0] Segwaylt Ninebot?} 722 7191 o]& ¢t
o g g5l QJuHl-6]. TWIPRS Z2]4 oz 7t
g FxAuk Pitch WO 2 Bebgddk A]2Elo]7] wjite] 7
ek Alo] glo] eHg Al Fajo] ofuif2]. ool ubz} 9k
o] Nt AAY AAEE FAYL W 7S FA5H 3]

TWIPRS] T8 Ao} A7} Hck

7 QTEe TWIPRS] 73 AlolE A 99 the

RS AlEEisith AR T Al "kl &
A Wzt ulE o)F 27 )iE ZEe] FA FA(center of
mass, CoM) °]&°ll th-g-37] 3l Pitch #lHH2 Zt=E A
A3la, PID AlolE B3 39S X5 S Aok
tH7). ol2f gk WAl CoM Wistell tl-&3 4= AUAIRE Pitch 7}
Lo R= & CoM Histel digstroll= @171 Q) ol
T 5o ATelME Eeteld 7)nE sk CoMel 9
A WMAToRH 2o TleiR)= 98-S AbfskaL PIDA
18 B3l A 7P AIE bt sacks). oleig

WA 2ol Pich 2 A5 FRANE skt &3
Hol gk AAlw FaAT 2e BelNe] Azl Basth

Huang 59 A7lx+= Hud &dtold EE= A|o)(terminal
sliding mode control, TSMC)E &8sl H|thA =3 £=

Ao} TAE 7o, o F
013k XS BATHI). o2k A WL Pitch
| 3HAA Alojete d] afAolANl F o s
222 7 TWIPROIAE o %é}f‘f& %2%17} s 4=
owm, 53] AALE XY Al AW 7t FES —‘?4%40]
o} o]ds T ATelA= ‘ﬂo*%koi
3], Bl ﬂ]oli‘:e T#H3 PID AO1E E
AL Egh AALR =3 A& ARSAPL 2

HHAE AF 6?04 AATe] FEE WA o}OﬂE}[
v AR 2E wjuich AR 23] dHEs gEs
AFslof sths HoR TEH AARR Felo] ofHrh=
o] it

W mE BEAe

=
an)

ENeE=1
=1

R0

=

[e)

=

=

R L

7 TWIPR94 Ein

oﬂ"t« ﬁ”“éﬁ T
]o}rq _rzsg oINS §]—E_tﬂ— ek 2y o3 Ao]
(model predictive control, MPC) [1115 53] 2] Alo] Y&s
Artslslet. 53], BAtE F8& -r]OH whte] At S
Hagke] A F4 AME GRSl BAAEE AR
Pitch el 1A ARg-sto] ARkl 7HY) §l

=
=

FAstaL, ol

* Corresponding Author

Manuscript received November 5, 2024; revised November 17, 2024; accepted November 28, 2024
0000-0002-0322-7361)

Aokl mﬂtﬁfﬂﬂ 7] 71E8t} thekg) A(davidos18@mjuackr, ORC

7238A4: A= e

Hed: %X]EH@#JL 7]7%?44 W4(dongile@mju.ackr, ORC

o] w2 2024 AARCLSAGR)Y] AR SIE
B+ B3t o] Alo] 71<9).

Copyright® ICROS 2025

FAAAE A1 (hyunseok0427@hyundai-rotem.co.kr, ORC
0000-0002-0566-2922)
ngaTLol

0000-0003-0024-3240)

A QS o} F3E AUNo.  20-107-C00-007-02(KRIT-CT-22-001,


https://crossmark.crossref.org/dialog/?doi=10.5302/J.ICROS.2025.24.0259&domain=https://jicrs.icros.org/&uri_scheme=http:&cm_version=v1.5

38 David Kim, Hyun Seok Kim, and Dongil Choi

olke Ae] FE glo] FAT T e LSS At Aes 23 A3 E%Ql 5982 Lagrangian
o Gusto ATIOIUE 59§ UBOR 2 BAT KL R o] B, YRR 52,08 AT
TWIPR®] Alo] Ae& 78k #5ste], MPC 7|9k Ao 93 A2 A () 2 /‘]~9~ ¥ dEuE= Table 19
walo] EYARQl w1 FA9 T A5 AT F ASS Az stk
selstle. AN SmelEe WAl 2ol H483e] 2y )
o Zalet Ax}, A4 FANHE g Hel 7 Ao M Mz Mas] X 91 F
= =0 ovetiv ve = T My My Mpg +192 1)
3l RS sEA R FFote] ARl AAE mg; Mgy Ma3llg 93 0
T Aes dserlnh I, cos? a

m11=w—+mc+md+mt+mw

my, = My, = mycos(6 + a)
mqyz = mzq = (heme + hgymy + hymy) cos(a + 6) —
(Iymg — mex;) sin(a + 0)
Mz =My
My3 = M3y = hymy
M3z = I + I + h2m + him + himg + 13my + mex?
g1 = g(me + my + my +m,)sin ()
g2 = —gmsin (0)
g3 = —g((hem; + hymy + hgmy) sin(6)
+ (lamg + xym¢) cos(0))

4

2. A2 SHHA *o"é‘:
& A

Rl 2 (& %ﬁlﬂoﬂ 2] (2)94' % LO] NE]H Hxl E}M_%'ii

¢ 2 AL o] YUY 91X AHAsE AE doldst
vy * *a‘ﬂl 230l A-gste] dPFAele AAtE TS RSt
% 1 olF AVITE 2R AAE £AE, ref _ DiitDog
Fig. 1. System diagram of self-balancing robot. L T DyktDig @
D; = (h;m, cos(a + 0) + hym; cos(a + 6) +
F L ol AIHE =X A2E) sk, hgmg cos(a + 6) — lymg sin(a + 0))
Table 1. System parameters. D, = (h;m.sin@ + hym,sind + hymysing0 +
x 25 9% lgmgcos6)
X, Ay 9% D; = m; sin(a + 0)
3 =4 Pitch 2= Dy = m.cosb
a AL P 3. AR =X
me [EA Z UgoR 1 AV 2ol AW FESA 2
m,|[Aad 7 AAwE FA57) ANE AAR F40] Arsth 2
m, |k w=Ro e 23e] ok 5 wiehud] A 24 AME va
my Payload -7 sho] AW 23 Apele] AglE 545kl AlA HolHE
Iy A I EHE
I |[AdT  waE
I, g A4 ZHE
hy 2 CoM¥-H =4 CoM7H] 0]
he 2 CoM*F-E| A-T] CoM7H] 0]
hg % CoM%-EfPayload CoM7}4] £0]
lg % CoM%-EfPayload CoM7}4] A 2]
g =8 V&= yr— o x
F 23 b=} ﬂA].i FA 1\]/\1%1 1,:_/51];;],
i H9Y 9 Fig. 2. System diagram for slope estimation.




Control of a Two—wheeled Self-Balancing Robot with a Sliding Mechanism 39

F 2 Ak 4 e,
Table 2. Slope estimate parameters
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Fig. 3. Swing-up and balancing simulation.
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Fig. 7. Two wheeled balancing robot with sliding mechanism.
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Table 3. Specification of two wheeled balancing robot.

Size [m] 0.237(W) x 0.637(L) x 0.169(H)
Weight [kg] 15.55
Khadas Mind
PC i7-1360P
Motor MDH 100 (In .wheel motor, .2EA)
RMD X6 (Sliding mechanism)
Sensor DYP-A22
Power Craft
Battery [V] 25.6V LiFePo4

F 4 olF AIEE =& s,
Table 4. System parameters of two wheeled balancing robot.

my |52 A [kg] 11318
m, |[AFH 5 [kg] 0232
my, |9 FAQEA)[kg] 4
L, v ¥4 BEE [kg - m?) 0.00465
I, | BA 94 RAE [kg - m?) 0.21478
I, (ARY 344 BHE [kg - m?] 0.00341
he |2 CoMFE FA CoM7IA] $£0] [m] 0.1182
he |8 CoMFE] A-T] CoM7IA] #9] [m] 0.0346
4 WAF [m] 0.065
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Fig. 8. Swing-up and balancing experiment.
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Fig. 10. Slope driving experiment
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