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Abgtract: The article deals with the design of a concepafimobile robotic platform for transporting equiprher people.
For disabled people, this system can representitamative to a wheelchair with better mobility &m urbanized
environment. The proposed solution is unique in ith@aintains a stabilized vertical position ot thase.

1 Introduction One actuator would have to be located in the hig.jo

A |arge number of peop|e have a medical handica]p aﬂ—he second actuator would have to be located irkilee
cannot walk with their own feet. These are différeroint and the third actuator could be in the anélat. The
diagnoses that do not have a favourable prognasis fnovement could be realized by crossing each otfests
improving the ability to walk in normal conditionshere ~ (Figure 2). o _ _ _
are also cases where it is a permanent loss ofitgahith However, the use of this kinematics entails a mogki
the help of the lower limbs. For these cases, iildide Motion with a large change in the position of tiaeséd of
appropriate to design a suitable device that Wmmbce the robot in the V-ertlcal direction. If we COﬂSld:eat“a
walking with the legs. Standard wheelchairs arelation ~ Person who is being transported would be placethis
that often has a problem with obstacles that odnur base, then this movement is very uncomfortable.
urbanized environments, so there is room for walkin
structures. However, commonly used kinematic walkin
structures create a side-to-side rocking motiomantain
static and dynamic stability while walking. The aggtion

Robot base

Upper part

of this conventional way of walking would mean otiog

uncomfortable walking for a person. It would therefbe

a biped chair that could handle obstacles suclkaars and Knee jolnt

curbs and other unevenness in the exterior. Lo d
The goal is to design a kinematic structure witteas E—

degrees of freedom as possible and at the sama tiyoed — of leg

ability of mobility with minimal swaying movemenis the rotary
sides. A small number of degrees of freedom alsansa aetigtos
small number of actuators, and thus the energ
requirements and range of the created structure al
decrease. Walking structures have a disadvantagens

of energy balance compared to wheeled structumes,
suitable kinematic structures with a lower numbér o
degrees of freedom could be a better solution9[J1-2

2 Robotlc platform Concept des gn Figure 1 Blped robotic platform COﬂCpt A

The first concept (Figure 1) contains three degofes
freedom in each leg and uses three rotary actuistdacth
legs. This simplified model represents the simplest
structure that is similar to human kinematics.

~1~

Copyright © Acta Mechatronica, www.actamechatronica.eu



Acta Mechatronica - International Scientific Journal about Mechatronics

Volume: 8 2023 Issue: 1 Pages: 1-6 [ISSN 2453-7306

Bipedal walking robot platform with a vertically stabilized base usable as a bipedchair for disabled

people

Tatiana Kelemenova, Ivana Kolarikova, Katarina Palova

Figure 2 Walking algorithm of biped robotic platforconcept A

Another robotic platform concept (Figure 3) no leng

takes inspiration from human kinematics, but atefudes
a linear actuator and two rotary actuators in deghThe
linear actuator replaced the rotary actuator irkieee and
thus created the possibility of lifting the leg lehtrossing
the other leg without vertical displacement of tobot
base (Figure 4). In terms of energy, however,dbizxept
is still demanding, and the effort is to reducenbeber of
actuators even more.

Robot
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Hip joint
rotary
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Ankle joint
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actuator

Foot

Figure 3 Biped robotic platform concept B

Figure 4 Walking algorithm of biped robotic platforconcept B

Another concept is a design with two actuatorsaiche
leg (Figure 5), while the rotation is performedlie ankle
joint and the linear movement of the actuator isquened
in the hip joint, where this linear actuator isdise realize
just the crossing of the legs and the compensaitidhe
vertical movement activity so that the robotic beiknot
change its vertical position (Figure 6). This caqice
provides with two actuators the possibility of watk
even while maintaining the vertical position of theese.

Linear
actuator

Sliding part
Sliding
part Robot base

Lag Rocker

lever

Foot

Figure 5 Biped robotic platform concept C
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Flgure 6 Walkmg algonthm of biped robotlc platfnrconcept C
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Figure 7 Rotating foot for changing walking direxti

The concept (Figure 5) in this form is only applilea
for walking in one direction. In order to be ahtechange
the direction of walking, a rotating mat with anetiotary
actuator is proposed for the feet. This actuatdl e
located in the foot of the robotic platform. Suctotating
foot will allow the entire robot to be turned oretspot in
the range of £90° (depending on the type of serxe}
which is not possible with conventional kinematioicepts
and requires a much larger number of actuatorsifomg.

The final concept (Figure 8, 9) of the walking rtbo
platform would thus contain six actuators, and fafithem
rotary actuators would be located in the robotes. fi the
accumulators are also placed in the lower partshef
platform, then it will mean that the overall centégravity
of the robotic platform will be low and thus thebatic
platform will have better stability when walking.

Linear actuator

AnKle joint ,
actuator

Figure 8 Final design of the walking robotic platio- front
view
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Figure 11 Simulation of walking of the proposedtolam -
math model

Pad rotary
actuator

Figure 9 Final design of the walking robotic platfo- side Figure 12 Simulation of the rotation of the desidméatform

view .
4 Conclusion
3 Simulations of the movement of the In the thesis, a robotic platform of a two-legged
robotic platform walking structure was designed, which can alsosleel dor
A h ical del of th botic platf "bipedchair" applications as an alternative mopilit
mathematical model of the robotic platiorm Waolution for disabled people who have problems with
created from the proposed kinematics. The walki

. : ) " Iking. During th ign, hasi lacedhen
simulation confirmed the ability to walk for thegposed m?nirlr?gm ntilrrll?ger gf gi;‘g;se;? ?re?jjlzr:]v Zidpt?}usmkso
concept while also maintaining a stabilized vetltic

dminimum number of actuators, which means minimum
position (Figure 10, Figure 11). The ability to oba the '

directi fvalking is also | tant for the aioal » energy consumption. Energy consumption is also
irection of walking Is also important for the aippltion of 4, a0 by the kinematic arrangement of thefpiat
the structure for movement in space. The rotatibthe

. - : itself. The proposed solution has unique properassit
robotic platform was simulated (Figure 12) and®ilts s maintaining a stable vertical position o thase of
also confirm the usability of the proposed struetur

the robotic platform, where a transported passeogeld
be placed at the same time. Simulations of the mewt
of the structure proved the correctness of the queg
solution.
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Figure 10 Walking simulation of the designed platfe CAD
model
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