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Abstract— Assistive walkers are essential for many individ-
uals who require geriatric care or mobility aids for day-to-
day activities. The functionality of these devices is not able
to provide the care that is needed for those with different
levels of physical disabilities or who are visually or mentally
impaired. Developing an autonomous powered walker that can
receive a user’s intent and assist them in navigating obstacles
would allow more people to have access to enhanced mobility. In
this work, a control strategy is designed for obstacle avoidance
using potential field generation and admittance regulation. The
mechatronics hardware and software are developed to generate
and implement a continuous real-time motion trajectory for the
smart walker in response to the user’s interaction torque and
scanned locations of obstacles in the environment. The inte-
gration of the mecanum wheels, DC motors, microcontrollers,
a rotating LiDAR scanner, and a mini-PC powered by an
onboard battery allowed for the evaluation and testing of the
obstacle avoidance algorithm and admittance control in real
time. The experimental results showed that the autonomous
walker can generate desired trajectories in response to the
user’s interaction using the admittance controller and navigate
around the obstacles with real-time velocity updates for the
motorized wheels.

I. INTRODUCTION

A. Community Need

Falls are extremely common and often go unreported with
as many as a third of individuals over 65 falling once a year
[1]. This group requires more attentive care and is expected
to become a larger share of the population, creating a larger
demand for mobility assistance [2]–[4]. The Centers for
Disease and Control Prevention states that around 12.1% of
adults in the US suffer from some form of disability affecting
mobility [5]. This increased demand for mobility assistance
will continue to put a strain on the healthcare professionals
to assist the growing elderly population and other individuals
with physical mobility impairments [6], [7]. Assistive devices
are solutions to this need [8]–[11].

The type of assistive device is determined at the individual
level by a trained medical professional and can range from
wheelchairs, for those with extremely high assistance needs,
to walkers and canes for those that require a lower level of
assistance [12]. Although walkers help people with mobility
issues get some independence back, it has been known
that these devices are not 100% effective and can lead to
serious injuries caused by falling [13]. Because of this, there
has been considerable research focused on improvements to
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walkers in order to provide more personalized assistance for
those who require it. These walkers have been called smart
walkers because they significantly augment the walker’s
ability to safely assist the user in daily tasks, even for those
with impaired cognitive and/or visual capacity [14]. The
main design goals of these smart walkers are to improve the
safety of traditional walkers by enhancing the user’s postural
stability and navigating their surroundings [15], [16].

B. Types of Walkers

The use of impedance/admittance control for a smart
walker has proven to be extremely beneficial in being able to
reliably predict the user’s intent. An advantage of force-based
impedance-based controllers is the capability to determine
the user’s intention using a force-torque sensor. This requires
that the force-torque sensor be placed in a location where
all the interaction forces of the user are transmitted through
the sensor to the walker’s body [17]–[19]. The addition of
sensors to prevent collision with objects in the environment
can be performed by employing digital cameras, infrared,
ultrasonic, or a combination of them. The main benefit of
infrared and ultrasonic is that the data generated is easier to
process since distance from the sensor is one of the captured
parameters. A camera, on the other hand, is not able to
provide distance readings as an output and needs to be further
processed to determine objects in the walker’s path. This data
is then fed into the walker strategy to negotiate possible paths
based on the user’s intent [20], [21].

C. Collision Avoidance Strategies

The concept of potential field has been used for path
planning in the fields of autonomous/semi-autonomous mo-
bile robots and vehicles. This includes self-driving cars, un-
manned aerial vehicles, autonomous ships, and tele-operated
robots. In the case of a semi-autonomous system in which
the desired trajectory is not predetermined by the system,
the required inputs are the distance from the obstacle [22].
These control systems work by monitoring the distance
between the object and the robot itself but only activate
when the conditions of a possible collision occur. A collision
avoidance strategy that has been employed in naval vessels
is in the use of potential fields that can alter a ship’s desired
direction by any obstacle entering different zones of control
[23]. These zones would be determined by the distance
and ability of the vessel to navigate away from a possible
collision. The avoidance algorithm won’t be activated until
the criteria for collision are met, which then would attempt
to steer the vessel out of the collision path. The inclusion
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Fig. 1. Architecture of the developed mechatronic systems, the executed tasks, and signal transmission between different component (including a PC,
microcontrollers, DC motors, force sensor, and LiDAR scanner)

of a negotiating zone, in addition to an emergency zone,
for obstacle avoidance can assist the autonomous system in
generating smoother responses to possible obstacles [24].
This method can also be extended to moving objects that
enter the potential fields in which the object’s speed can be
determined.

The main goal of this work is to propose an intelligent
control strategy and develop a mechatronic system to perform
real-time motion planning for a motorized assistive walker
based on the user and environment inputs. This trajectory
shaping is conducted in response to the user’s physical
interaction and obstacle detection in space by integration of
multiple sensors. A six-axis force-torque sensor is employed
under the handlebar for the user’s intention detection, a
LiDAR sensor is used for scanning obstacles, and high-
torque DC motors with motion feedback are utilized for
all Mecanum wheels. An admittance controller is employed
to generate the original motion (including the velocity di-
rection and magnitude) in Cartesian space in terms of the
user’s physical interaction. By establishing different zones
of control, the walker’s avoidance algorithm can gently
deliver the space feedback to the user by slowing (resisting)
the movement in the direction of any obstacle within a
specific range and increasing this resistance as the user
gets closer to the obstacle. To this end, the potential fields
are generated in real-time for scanned obstacles to regulate
velocity modifications and update the motion trajectory using
the proposed control scheme. This assistive walker will be
helpful for the personalized locomotion of individuals with
different levels of physical, visual, and mental impairments.

II. DESIGN AND DEVELOPMENT OF THE CONTROLS FOR
THE ASSISTIVE WALKER

The mechatronic system development and components to
implement the proposed control strategy are explained in this
section. A rotating LiDAR sensor is utilized to observe the
distance of objects around the walker to be used for the
obstacle avoidance algorithm. A six-axis force-torque sensor
is employed to measure the user’s physical interaction in

order to determine the user’s intent (the desired direction
and speed of motion). An admittance model is defined
to generate the desired velocity vector in Cartesian space
in terms of the measured interaction forces. This desired
translation and rotational velocities are translated to the
Mecanum wheels’ space to be implemented by DC motors.
Figure 1 shows the architecture of the developed mechatronic
systems, the executed tasks, and signal transmission between
different components. An ESP32 microcontroller is dedicated
to the LiDAR communication process and the data (angle
and distance) received from the RP LiDAR sensor and
sent to the thread to be used in the main C++ code for
motion planning. The communication thread converts the
data into a matrix of x-y obstacle locations and stores it until
requested by the main thread (C++ code). This main thread
generates the potential field, determines user intent (velocity
vector in Cartesian space, Vx and Vy) based on force-torque
measurement, and computes the desired speed of the walker
by converting the Cartesian speed into motors’ rotation
using a matrix transformation according to the kinematics
of Macanum wheels. The corresponding equations for these
components of the proposed motion planning strategy are
mentioned in the next sections. An ESP32 microcontroller
receives the speed vector of wheel rotations and converts
it into individual CAN commands to the DC motors. The
walker structure is shown in Fig. 2, which includes four om-
nidirectional wheels and DC motors, a force-torque sensor,
LiDAR scanners, and a controller box that houses a mini PC,
microcontrollers, a DAQ device, and a battery.

A. Mecanum Wheel Kinematics

Having a 4-wheeled vehicle with mecanum wheels, we
can derive the forward and backward kinematics of this
assistive walker [25]–[27]. In Eq. 1, a and b parameters
are the distances of the wheels to the walker center in
Cartesian x-y coordinates. wi is the wheel speed while r
is the radius of the wheels. wz is the rotational speed
of the walker around its z-axis, while vx and vy are the
translational velocity components of the walker along the x
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Fig. 2. Schematic of the smart walker with sensors, actuators, and controller
box

and y axes, respectively. This kinematic equation is used for
the generation of velocity commands to the DC motors in
terms of the desired Cartesian speed of the walker.

w1

w2

w3

w4

 =
1

r


1 −1 −(a+ b)
1 1 (a+ b)
1 1 −(a+ b)
1 −1 (a+ b)


vx
vy
wz

 (1)

B. Obstacle Avoidance Development

For obstacle avoidance, the generation of the potential field
zones is conducted for online modification of the movement
trajectory when there is any object in a collision path with
the walker. The variation of these zones also prevents the
movement trajectory from changing drastically in different
directions. These potential field zones created for the walker
can be seen in Fig. 3. The size of the zone radius RZ where
specified based on the walker’s width w and Dmax as the
maximum distance traveled over the sampling rate dt.

Fig. 3. Defined potential field zones for the autonomous assistive walker
to perform stationary obstacle avoidance


RZ0

RZs

RZn

RZc

 =


Dmax/dt+ w

5 ·RZ0

2.5 ·RZ0

1.5 ·RZ0

 (2)

The trajectory planning is limited by the maximum dis-
tance traveled between samples. The obstacle avoidance
inside the negotiation zone is adjusted based on the walker’s
width and the potential field values defined in Eq. 3. The
variable potential field value (PV F ) is the magnitude of the

potential field around the walker at a given distance. The
direction value (DV ) is positive or negative depending on
the slope of the potential field, and vxpf and vypf are the
velocity outputs generated by the potential field.[

vxpf

vypf

]
=

[
vymax · PFVRZmeasured

−PFVRZn

PFVRZn−PFVRZc
·DV

vxmax · PFVRZmeasured
−PFVRZn

PFVRZn−PFVRZc
·DV

]
(3)

The potential field generation is based on a heat map of the
obstacles inside of RZs. This creates a parabolic repulsive
field with a value of 1000 at the obstacle and a value of 0
at a distance of RZ0 from the obstacle according to Eq. 4,
where y and x range from 0 to RZn.

PotentialMatrix = 1000− ((x2 + y2)/RZ2
n) · 1000 (4)

Fig. 4. Fully assembled walker: (a) Side view showing the locations of
AK10-9 motors, mecanum wheels, RP LiDAR, and the DAQ and PC. (b)
Front view showing the locations of microcontrollers, battery, and ATI force-
torque sensor

C. Admittance Control

An admittance controller is developed and tested for the
walker to generate the user’s desired speed based on the
interaction force and torque measured by the ATI sensor
as shown in Fig. 4. The admittance control includes four
variables including desired velocities in x and y directions,
the rotational desired velocity, and the user balance variable.
These translational and rotational velocities are determined
by Eq. 5 in terms of the interaction torque or forces (Ti for
i = z, x, or y). The inputs of this admittance model are
the interaction torque in z direction for the axial rotation
and the interaction forces in x and y directions for planar
translation. The values of Tcontrol and Tmax are determined
experimentally for each user of the walker.Tlow < Ti < Thigh : Vi =

(Ti)abs(Thigh−Ti)

(Thigh)
· Vimax

Tlow > Ti||Ti > Thigh : Vi = 1
abs(Ti) > Tmax : Vi = 0

 (5)

The user balance variable Suser is defined to determine
user stability according to Eq. 6. For this balance, the force
measurement in the z direction is used to determine the
user’s stability, in which the values beyond the low and
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Fig. 5. Configuration of the mechatronic system for the smart walker with individual component outputs for the ATI force torque sensor, RP LiDAR,
PC, ESP32 microcontrollers, and CAN board

high thresholds specify that the user is not being properly
supported by the walker. The values for Scontroll , Scontrolh ,
Smin, and Smax are determined experimentally for users
based on their comfort and preference. The final desired
velocity Vifinal

in Cartesian space is obtained using Eq. 7.
Smin < Fzuser < Scontroll : Suser = 1 +

Scontroll
−Fzuser

Scontroll
−Smin

Scontroll < Fzuser < Scontrolh : Suser = 1
Scontrolh < Fzuser < Smax : Suser = 1 + Smax−Fzuser

Smax−Scontrolh

Fzuser > Shigh||Fzuser < Smin : Suser = 0


(6)

Vifinal = Vi · Suser (7)

D. Hardware architecture

The fully integrated walker with mechatronic components
is shown in Fig. 4. The microcontroller chosen for this
system is ESP32 due to its ability to have multiple serial
communications. The main PC and ESP32 communicate to
the AK10-9 motors (from T-motors) by sending motor com-
mands and receiving encoder feedback via the SN65HVD230
CAN board (from AITRIP). Another ESP32 board commu-
nicates via serial to receive information from the RP LiDAR
1A scanner (from SLAMTEC). The RP LiDAR has a rotation
frequency of 10 Hz with a total of 1450 sample points
per rotation. A 48V battery powers the whole mechatronic
system with a power converter to step down the voltage for
the PC and DAQ device (from National Instruments).

The components and configuration schematic of the
walker’s mechatronic system used to receive sensory infor-
mation and control the motors are shown in Fig. 5. The
software programming is conducted in C++ on the PC using
Visual Studio Code due to its integration with PlatformIO
IDE for the microcontrollers. The CAN messages required
to control the AK10-9 motors and instructions for serial
communication with the RP LiDAR sensor are explained in
[28] and [29], respectively.

E. Software Architecture

The main C++ code is split into 3 threads to allow for
processes of acquiring and sending data for the potential field
generation and admittance controller calculations. The ”Main

Fig. 6. Graphical representation of data received from the RP LiDAR
sensor and processed to create a plot of obstacles around the sensor

Thread” has a computation time of 50ms due to the multiple
matrix calculations needed to update the potential field
matrix. The communication threads with other sensors and
motors both have a sampling rate of 8 ms. The RP LiDAR
delivers the angle and distance of all surfaces scanned by
the rotating laser. This information is then transformed into
the x − y coordinate system considering the walker’s front
center as the origin. An experimental result of the processed
data from the RP LiDAR is illustrated in Fig. 6 showing
scanned obstacles around the sensor. The code uploaded on
the ESP32 pre-filters the LiDAR data to ensure that only
information that is required, which is the obstacle location
within the RZs zone, is transmitted to the main PC code to
reduce the data for serial communications.

The potential field generation portion of this code resets
the obstacle distance matrix to accept updated values at the
frequency of the main thread. The potential field generation
is performed based on Eq. 4 to update the potential field
matrix. Once the potential field matrix has been generated,
Eq. 3 is employed to update the ”Potential Field Force Vari-
able” mentioned in Fig. 1. The ”Velocity Output Algorithm”
takes in the desired speed input from the user based on the
admittance control and the ”Potential Field Force Variable”.
The velocity variable is updated every time new values are
generated by the potential field.
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Fig. 7. Force and Torque measurement during the test of walker to
determine the desired admittance-based velocity

Fig. 8. Dimensionless desired velocity components of the walker based
on the force and torque measurements illustrated in Fig. 7

III. EXPERIMENTAL EVALUATIONS

All components of the smart walker were integrated into a
test bench first to conduct troubleshooting. The main exper-
iments were conducted to evaluate the walker’s performance
in tracking desired velocities.

A. Admittance Control Experiments

In these experiments, a user attempted to move the walker
in the desired direction as well as simulated instability. The
following values were determined through various experi-
ments based on a static walker; Scontroll = -75 N, Scontrolh

= -95 N, Smin = -60 N, Smax = -110 N, Tcontrol = 10
Nm and Tmax = 30 Nm, which are used in Eqs. 5, 6 and
7 to determine the admittance-based desired velocity. Figure
7 shows the force and torque values measured by the ATI
sensor under the handlebar. The obtained values for the
desired velocity were processed and obtained as seen in Fig.
8. The user attempted to apply the torques Tx and Ty and the
force Fz to move the walker. This is due to the geometry
of the walker’s handle and the user stability requirements
resulting in lying down on both arms and guiding the walker
by torques.

B. Obstacle Avoidance Experiments

With a constant desired velocity as the output of the
admittance model, various tests were conducted in order

Fig. 9. Actual and desired velocities of the walker in x and y directions

Fig. 10. Actual and desired speeds for two groups of the DC motors
attached to the wheels

to assess the performance of the potential field generation
and the motor speed control. Figures 9, 10, 11 and 12
demonstrate the results of speed variation in Cartesian and
wheels spaces, starting with an input velocity of 300 mm/s in
the y direction. The speed controller’s gain of the DC motor
is adjusted on Kd = 3 and the sampling time of 10 ms is
employed in these experiments. As shown in Fig. 11, the
average errors between the desired and actual velocities are
20.2 mm/s in the y direction and 2.9 mm/s in the x direction.
Figure 12 shows a graphical representation of the walker in
Cartesian space and the performance of obstacle avoidance
by online modification of the walker’s speed as expected.

IV. CONCLUSION

In this study, an admittance control method and an obstacle
avoidance strategy were developed and tested for a motorized
assistive walker. For this purpose, the mechatronics hardware
and software were developed to generate and execute a
continuous real-time motion trajectory for the smart walker,
responsive to both user interaction force and the spatial
distribution of scanned obstacles. By integrating components
such as mecanum wheels, DC motors, microcontrollers, a
rotating LiDAR scanner, and a mini-PC powered by an
onboard battery, the obstacle avoidance algorithm and ad-
mittance control strategy were implemented. Through exper-
imental evaluations, the autonomous walker’s capabilities are
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Fig. 11. Cartesian velocity errors in x and y directions for the walker as
differences between actual and desired velocities

Fig. 12. Graphical representation of the smart walker’s desired and
actual position based on the actual and desired velocities (obstacles are
approximately illustrated)

demonstrated in generating the desired velocity in response
to the user’s physical interaction, navigating surrounding
obstacles, and real-time adjustment of the motion trajectory.
In future work, online mapping of the environment using
a depth camera and image processing can be integrated
into the control system. Moreover, user studies will be
conducted to assess the effectiveness of this smart walker
in assisting people with disabilities and navigating different
environments.
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