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Sit-to-Stand and Stand-to-Sit
Control Mechanisms of
Two-Wheeled Wheelchair
This paper presents a mechanism for standing and sitting transformation of a wheelchair
using a two-wheeled inverted pendulum concept with reduced torque requirement, in sim-
ulation studies. The motivation of this work is to design a compact standing mechanism
to help an elderly/disabled person with functional limitation in lower extremities to ma-
neuver in small and confined spaces and enable them to perform standard daily life rou-
tines independently. The wheelchair system at the upright standing position is tested with
different travel distances, and the challenge is to control both sit-to-stand and stand-to-
sit operations in a stable manner using flexible-joint humanoid. An additional spring/
damping element is incorporated at each wheel to provide a comfortable ride for the user
especially during stand-to-sit transformation task. A PD-fuzzy control with modular
structure is implemented, and the performance of the system is observed through VISUAL

NASTRAN 4D (VN4D) visualization software and simulation in MATLAB. The stand-to-sit per-
formance tests have shown more than 38% reduction in tilt and back seat angles fluctua-
tion in linear travel motion using a suspension system, while the initial tilt torque needed
is 50% less than the amount required in previous designs. [DOI: 10.1115/1.4032800]
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1 Introduction

Wheelchairs as mobility devices are preferred by many lower
limb disabled/physically impaired subjects. They have been used
for decades by such individuals due to their inability to carry on
“normal” routines of an able-bodied person, such as standing,
walking, and participating in activities. This group of people is
over a billion comprising about 15% of the world population [1].
Disabled people using a wheelchair are exposed to many health
problems associated with being sedentary. These include physical
and psychological effects due to prolonged seated posture, e.g.,
fatigue, hypercalciuria, urinary calculi [2], arthropathy, excretion
failure, and haematogenous disorder [3]. Other effects include
depression and loss of confidence, which often result from feel-
ings of loss of control in certain situations. A study to examine
how frequent healthy free-living adults perform sit-to-stand move-
ment on daily basis has been conducted [4] recently, and the result
showed that the participants performed a mean of 60(622) move-
ments each day. This work can contribute to designing of work-
place ergonomics; a mechanism to enhance the sit-to-stand
movement among people.

Thus, there is a need for a standing mechanism so that the
disabled users can boost their confidence level and gain the asso-
ciated health benefits. For example, standing maintains leg
muscles in reasonable physical condition, improves blood circula-
tion, urinary health, and bowel function, and reduces spasticity
and pressure sores efficiently [5]. Many paraplegics utilize walker
type and exoskeleton devices as assistive devices using robot tech-
nology. For example, braces and crutches have been widely used
by people with spinal cord injury to provide the opportunity to
stand and move. A standing-up robotic supportive device has been
used to raise the human from sitting to standing posture. The
device is driven by an electrohydraulic servo system and supports

the subject under the buttocks [6]. Abbas and Gillaette [7]
integrated functional neuromuscular stimulation with braces to
activate sensory neurons at paralyzed muscles using electrical
stimulation to control standing posture. However, with the aid of
braces as a mechanical orthoses with electrical stimulation, it is
not favorable because it needs an assistant and full dependence on
upper body to support the overall stability. Moreover, current
designs of such devices have several limitations; they are bulky
and hard to maneuver in narrow spaces, are quite heavy,
and require considerable user’s physical effort, thus increasing
fatigue [3,6].

The sit-to-stand wheelchair has been developed in an attempt
to overcome the problems caused by the braces and crutches. Bos-
telman and Albus [8] introduced a simple mechanical aid as an
integral part of functional electrical stimulation to provide support
for sit-to-stand wheelchair users. They have implemented a light-
weight folding mechanism for easy transportation. A stick mecha-
nism was used for sliding horizontally and vertically like a
walking stick. The wheelchair system design could compensate
for uneven ground and accommodate users of various heights in a
stable manner. However, the design is bulky and not suitable for
use in confined and narrow spaces.

Other researchers have designed a standing wheelchair for mul-
tipurpose functions; the chair performs a standing motion and
while in standing position (mobile) users can move around, reach
higher objects on shelves, and have eye level contact with others
[8,9]. They use two handles: the left knee controls the feet posi-
tion and the right armrest controls frame height, position of the
backrest, and the seat angle. Advantages are that a full harness
holds the human’s trunk while a sprung wheel provides the user
with comfort and good ground contact. However, the user needs
more effort to turn the hand wheel manually to stand and it is not
suitable for quadriplegics [9].

A multiposture wheelchair has been developed for standing,
reclining, tilting, and elevation tasks with four actuators using
kinematic analysis with proportional integral derivative (PID)
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