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Abstract

We present RASCAPP, a mobile manipulator
robot for performing domestic activities, a
detailed description of its hardware and soft-
ware systems and finally, a description of the
various algorithms it uses in performing do-
mestic tasks.

1. Introduction

RASCAPP (Robotic Assisted Self-Care Activities for
People with Paralysis) is a mobile manipulator robot
whose upper body is the Baxter robot[1] from Rethink
Robotics[2] and whose mobile base is made from a re-
purposed electric wheelchair[3].The electric wheelchair
was chosen over an off-the-shelf mobile robot base be-
cause, most off-the-shelf mobile robot bases are quite
expensive. In this paper, we describe both the soft-
ware and hardware alterations we made to the electric
wheelchair to convert it into a mobile robot base. We
also describe how we interfaced the baxter robot with
the mobile robot base.

2. Related Work

This work was based largely on prior work by Wen et
al. [4]. The hardware setup is almost identical to that
of Wen et al. with a few differences in the circuitry
and safety mechanisms we developed, and the host of
sensor suites we included in our system to make the
robot more aware of its environment. The software
system architecture and the algorithms we employ are
however quite different from the work done by Wen et
al.

.,.

3. Hardware system

3.1. The mobile robot base

We made the mobile robot base from a re-purposed
electric wheelchair [Figure 1]. The wheelchair was
first stripped off its seating and metal supports, leav-
ing just the power base [Figure 2]. The motors and
the wheelchair battery where then disconnected from
the drive module[5] of the wheelchair. The electri-
cal connection of the joystick of the wheelchair to the
drive module [Figure 3] was however kept since that
was the means through which we would charge the
wheelchair series-connected batteries. The drive mod-
ule, while still connected to the joystick is removed
from the power base and set aside.The two motors
of the wheelchair as well as the series-connected bat-
teries were connected to a Roboclaw 2x60A DC mo-
tor driver[6].The motor driver is set to the right bau-
drate(57600) and operation mode(serial mode) and
then connected to an arduino-mega over serial through
the tx, rx pins on the arduino. The arduino is con-
nected to a USB hub which is connected to an on-
board laptop that performs all the processing. This
laptop [7] is a Gigabyte Aero 15x laptop with 32GB
RAM, 512GB SSD storage, Nvidia GTX 1070 GPU
with 8GB RAM, and a core i7 processor. The lap-
top runs Ubuntu 16.04. and has a battery life of just
around 2 hours of constant usage.

A 0.5in thick hard-steel plate[8] is machined and holes
for mounting onto the mobile base as well as mounting
Baxter onto it are drilled. The CAD files for this plate
can be found at the link in [9]. This steel plate is
mounted onto the power base as shown in figure 4.

3.2. The backpack

The backpack is an aluminum[10] plate mounted onto
the back of Baxter to house all the electronics of the
robot system. We cut out a rectangular shape from the
aluminum sheet and make mounting holes at vantage
points on the sheet. CAD file can be found at the
link at [11]. Once the cuts are made, the surface of
the cutout sheet is insulated with foam core to prevent
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Figure 1. Wheelchair with only its seat stripped off

Figure 2. Wheelchair with metal supports stripped off

the components mounted on it from accidentally short-
circuiting due to the conductive nature of aluminum.
The backpack is then mounted onto the back of Baxter
[Figure 5] using U-bolts[12].

3.3. The circuitry

The electrical system of the robot is split into two
parts; the high voltage section and the low voltage
section. The high voltage section supplies 24V from
the battery of the power base to the electronic com-
ponents that require 24V power supply and the low
voltage section, which is the logic section is respon-
sible for the micro-processing operates predominantly

Figure 3. The charging system, featuring the drive module,
original wheelchair joystick and the charger module

Figure 4. Hard-steel plate mounted onto power base

on 5V power supply from a power bank. The low volt-
age section comprises of mainly micro-controllers and
sensors while the high voltage section is made up of the
motor driver, the inverter and the relays from the kill-
switch system. This sectioning of the electrical system
is done to protect and isolate the logic components
form the unpredictable spikes in current produced by
the motors of the power base. A schematic of the low
voltage section is in Figure 6 and the high voltage sec-
tion in Figure 7.

3.4. The kill-switch system

The kill-switch is a safety feature implemented to in-
stantly stop the motors when activated by the user.
The user activates the kill-switch from a handheld
radio-transmitter controller by pressing the stop but-
ton on the controller. Once, the stop button is pressed,
an encrypted 915MHz frequency radio signal is sent
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Figure 5. Backpack mounted onto the back of Baxter

from the transmitter to the RF receiver module con-
nected to the two Primary relays in Figure 7. The RF
receiver module in turn activates both Primary relays,
causing them to short-circuit the positive and nega-
tive terminals of both motors together. This action
instantly stops the motors. Once the continue button
is pressed, an encrypted signal is sent to the receiver
module which in turn re-connects the motor terminals
to the motor driver, causing the power base to resume
normal functionality. If the receiver doesnt receive a
heartbeat signal[13] from the transmitter in 5 contin-
uous seconds, the motors are short-circuited and the
powerbase stops operating. Once a heartbeat from
the remote transmitter is received by the receiver, the
power base resumes normal operation.

3.5. The Sensor suite

The sensor suite consists of an ultrasonic range sen-
sor[14] for collision-prevention, a 2D lidar [15] for de-

Figure 6. Schematic of the low voltage section

Figure 7. Schematic of the high voltage section

termining the position of objects in the robot’s neigh-
borhood, a 3D camera[16] for locating objects of inter-
est in 3D space, a microphone[17] for receiving voice
commands from the user and a web camera [18] for
providing camera feed at the base of the robot. The
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mobile base has wheel encoders on its wheels to mea-
sure its traveled distance as well as its local orientation.
The robot has an ultrasonic beacon[19] mounted on its
head to communicate with the indoor GPS system[19]
set up in the lab to enable the robot to localize itself
within the lab and know its global x,y position at any
point in time. The ultrasonic beacon mounted on the
robot’s head also has an inbuilt IMU which enables
the robot to determine its global orientation.

4. Software system

4.1. The ROS Network

The entire robot system operates on a ROS[20] archi-
tecture. The multiple parts of the software system are
ROS nodes that communicate to each other by pub-
lishing and subscribing to messages on specific ROS
topics. The entire system has one ROS master which
runs on the onboard laptop[7] and multiple ROS slaves
that run on different computers. A schematic of the
ROS setup for the entire robot system is in Figure 8.

Figure 8. Diagram of the ROS system of the robot

Since the ROS slaves are running on different com-
puters (the joystick runs on a raspberry pi and the
Interface runs on a laptop), they would have to be on
the same wireless network with static and consistent
IP addresses in order to be able to be accessed on the
ROS network. Since we are not assured a consistent IP
address on the school’s WIFI network, we decided to
setup a local WIFI connection using a router[21]. This

Figure 9. Baxter mounted on mobile base

way all the devices on the network can be assured of
a static IP address. Also, this technique shields the
robot system from slowing down in case there is traffic
on the school’s WIFI network. By having a separate
WIFI network for the robot and its peripheral devices
and not exposing them to the school’s WIFI, we pro-
tect them from external sabotage. We can easily in-
clude other peripheral devices into the network just
by manually assigning them IP addresses and logging
into the robot’s network using a special username and
password.

4.2. The Mobile robot base

The mobile base is controlled by publishing Twist mes-
sages[22] onto the /cmd vel ROS topic. The rosse-
rial node which runs on the arduino subscribes to this
topic. Once it receives the message, an arduino driver
we wrote on the arduino translates the Twist message
into velocity commands on the left and right wheels of
the power base. These commands are sent to the mo-
tor driver[6] which supplies the corresponding currents
to the motors to move them accordingly.
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Algorithm 1 Kitchen mode algorithm

commands array consists of a list of viable com-
mands
repeat
Input: voice command in English
for i = 1 to length(commands) do
if commands[i] == Input then

call function correspinding to commands[i]
break for loop

end if
end for

until program is killed

4.3. The Joystick

The joystick system consists of an arcade 4-button
joystick, each button sharing a common ground and
each button terminal connected to a micro-controller
board. The micro-controller is flashed with USB joy-
stick drivers and connected by USB to a raspberry
pi. The raspberry pi runs Lubuntu, an Ubuntu distro,
and has ROS installed. Turning the joystick knob to
a direction sends a directional impulse to the micro-
controller which in turn translates the impulse into a
joystick signal and sends it over to the raspberry pi.
We wrote a ROS joystick node which reads the joy-
stick signal, formulates it into a Twist message and
publishes this message onto the /cmd vel ROS topic.

The ROS node running on the raspberry pi is a ROS
slave to the ROS master running on the laptop as de-
picted in Figure 8.

4.4. The Algorithms

When in the kitchen mode, the robot runs a primary
algorithm which works as in [Algorithm 1].

Corresponding command functions [Algorithm 1] also
have a general pattern where the robot first gets the
3D pose of the object using its 3D cameras, performs a
transformation of the 3D pose to put it in the robot’s
reference frame and sends this transformed 3D pose to
the Inverse Kinematics solver which solves the required
joint angles needed to get the robot’s end effector to
the goal pose (the transformed 3D pose). If there is
a valid solution, the robot moves its arm to the goal
pose. If there is no valid solution, the robot’s arm
remains stationary and the robot reports this failure
by saying ”cannot move my arm to this position”. This
is summarized in [Algorithm 2].

Videos of RASCAPP performing kitchen tasks can be
found in [23].

Algorithm 2 General arm motion algorithm

1. 3D camera finds the xyz pose of object
2. xyz pose is transformed into a pose in the robot’s
reference frame
3. Transformed xyz pose is submitted to the IK
solver
if solver == success then

Robot moves arm to goal pose return
end if
else Robot reports failure
return

5. Future Work

Future work would largely be centered on reducing the
weight of the robot. It currently weighs 300lb and as
such draws a lot of battery power to move around. We
also plan on replacing Baxter with a much lighter and
more accurate robot arm.
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