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Abstract

Generally, patients are needed to lift and move by doctors, nurses or medical assistances in the hospital.
Simple pick and place patient is the usual way performing in hospitals and other medical services,
particularly during emergent situations, within the operating room or changing to another hospital room
or transporting to the other hospital. Transporting procedure are mainly essential for paralyzed or obese
patients. In this present study, the robot called Clinicon, was presented with the feasibility and conceptual
design to assist the medical teams to transport and also to position the patients particularly in the
operating room with safety concern. The first main conceptual system of Clinicon consists of the line-
follow tracking system and the designed manipulator for transporting and positioning the patient to
perform the task only in the operating room. However, this is still the conceptual design, the practical
version robot; Clinicon, is quite challenge to be built in the future.
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1. Introduction

Whilst the modern technology advanced to the
point where the robots are feasible and able to do
the jobs of humans generally did, particularly in the
industry, the autonomic robot can alleviate the
burden in several kinds of industrial procedures.
Basically, the transportation is the common procedure
which the robot is competent and also the accuracy,
precision with high safety is well accepted in.
Consequently, the robotic application in medical trans-
portation is potential to be used. Clinically, patient
transportation is a common and important routine
job in the medical care”. Several patients are lifted
and moved by doctors, nurses and medical assistances
in the hospital. Simple pick and place patient is
necessary in hospitals and other medical services,
particularly during emergent situations. So, patients
transporting device is a hospital prerequisite to
facilitate the patient especially within the large
operating room, changing to another hospital room
or transporting to the other hospital. Transporting
procedure and device must be 24 hour-available mainly
for paralyzed or obese patients. A large variety of
patient conditions as well as circumstances influence
how to transport the patient. Concerning the patient
safety, to facilitate safely move injured, recovering or
postoperative patients on stable equipment, a trans-
porting boards carrying on the stretcher are com-
monly used®. Some patient transporting equipment
that is specialized for obese or pediatric use is also
available designed for medical uses. Most transporting
devices have a specific mode of transport either in a
seated, supine, prone or lateral decubitus position.
Patient safety is paramount for patient transportation
and it should be easy or friendly to use for the medical
care team. Generally, many doctors, nurses or medical
assistances experienced backache or injured because
they endeavor to lift or move a patient improperly

along bed to bed or from stretcher to the table before
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and after surgery®®. As a result, this common problem
is the major concern of this study. Automatically robot
designed for the patient transporting devices is the
solution in order that the medical care team will not
get injured while they are moving patients. Safety
service robot for patient transportation was determined
on a conceptual design and created in the Center for
Biomedical and Robo-tics Technology (BART LAB) at
the Department of Biomedical Engineering, Faculty of
Engineering, Mahidol University. The objective of this
study is to engineer the positioning and transporting
patient robot which is called Clinicon. This paper
describes the Clinicon system overviews including
mechanical design, motor control design, its anatomy,
task experiment with prototype construction, and pre-

clinical experiment.

2. System Overview of Clinicon

Clinicon system overview is described. It was
designed to perform its task in 2 modes; “automatic
mode” and “manual operating mode”. Figure 1 illus-
trated the block diagram of the overview system
including automatic mode and manual operating mode.
In automatic mode, Clinicon was able to move auto-
matically between stations using the line detection
approach. A pattern of black line which was assigned
on the path floor was detected by infrared (IR) sensing
system on the robot then generated signal which
was transported to the microcontroller unit (MCU) to
drive the motor. Finally, Clinicon moved along the
black line automatically. In manual mode, user was
able to control the robot; Clinicon, by manipulating
the joystick. With the same procedure of controlling
motor as automatic mode, the difference is based on
using limited switch to feedback the limited position
of manipulator signal to MCU. The overall organization
of Clinicon comprised of mechanical part and electrical

part.
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Figure 1 Block diagram of CLINICON

2.1 Mechanical Design

Clinicon is a prototype of service robot as shown
in Figure 2 which was designed to do corporative
work with doctors, nurses, or medical assistances in
the hospital. There are four wheels. Two front wheels
are the main controlled wheels which used to move,
turn left or right. The other two back wheels are freely
movement. Clinicon comprises of two main parts, the
first part is a base which is designed to perform in

translation 2D planar on the ground. The second part
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is the manipulator with special design for translating
and rotating patient in prone, supine, left and right

lateral decubitus position. It combines with two joints.

2.2 Motor Control Design

2.2.1 Electrical part

The main board in Figure 3 has a microcontroller
(PIC16f877) which is used to control Clinicon. It
receives the logic input from IR sensors, limited
switches and joystick to control each motor by using
integrated circuit (IC L298N).

(b)

Figure 2 (a) Top, front, right and isometric view of CLINICON. (b) 3D model of CLINICON
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Figure 3 (a) Control board schematic (b) Control board PCB (printed circuit board)

2.2.2 Basic line detection

The IR sensor consists of infrared transmitter
(Tx) and infrared receiver (Rx) as shown in Figure 4.
When IR sensor detects the white object, the infrared
light will reflect to Rx. In contrast, the reflection will

not be occurring when IR sensor detects the black

object because back object will absorb infrared light.
The changing voltage from Rx depends on white and
back object, which can be detected by “Schmitt -
trigger” or “comparator” to give output logic for indi-

cating white and black object.
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Figure 4 The principle of line detection
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2.2.3 Basic Motor drive

From Figure 5, the IC L298 Motor Driver has 4
inputs to control the motion of the motors and two
enable inputs which are used for switching the mo-
tors on and off. To control the speed of the motors,
PWM waveform with variable duty cycle is applied to
the enable pins. Rapidly switching the voltage
between Vs and GND, this gives an effective voltage
between Vs and GND whose value depends on the
duty cycle of PWM
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3. The Anatomy of CLINICON
Clinicon was completely assembly as shown in
Figure 6 and 9 respectively. From Figure 7 and 8, its’
joystick was designed and ease to control in sharing
control mode. It was attached at the back of Clinicon
and available to use when needed. The line detector
was built in at the front of Clinicon as in Figure 9 a, to

allow Clinicon moving automatically along the black

line.
Inputs Function
Ven=H C=H;D=L Forward
C=L;D=H Reverse
C=D Fast Motor Stop
Ven=1L C=X:D=X Free Running
Motor Stop
L=Low H = High X = Don't care

Figure 5 (a) Internal schematic IC L298, (b) Truth table of IC L298
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Figure 6 overview of CLINICON
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Figure 9 (a) Line detector circuit board, (b) CLINICON is moving automatically follows the black line
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4. The Experiment

4.1 Clinicon’s path model

The path model was designed as Figure 10 and
supposing to be the operating room condition. The
task experiment conditions comprised of three
stations with three stopping points for the robot to
do its tasks. According to the tasks, Clinicon was
programmed to start at the first station after the
patient was loaded. Then, Clinicon ran along the black
line automatically to the second station and stopped
at the stopping point. At the second station, the
patient was transported and positioned to the
operating table in shared control mode by joystick
controlling. Finally, Clinicon subsequently transported
the patient from the second station to the third
station to end its programmed task. Throughout this
task experiment, Clinicon ran automatically with
smooth and fluently along the black line sensor
detection. While doing the shared control mode with
joystick, the manipulator was prompted to transport

and position the patient as the desired expectation.

4.2 At the stations

There are four positions which Clinicon capable

to position the patient in sharing control mode at the
second station including supine, prone, right lateral
decubitus or left lateral decubitus. As Figure 11, the
patient position was set by joystick control which
was already programmed by pushing the designed
button.
5. Conclusion

Clinicon is engineered as a conceptual prototype
based on the medical robotics technology at the
Department of Biomedical Engineering, Faculty of
Engineering, Mahidol University. Concerning the
conceptual design, Clinicon is feasible to facilitate
the patient transportation and anticipated to service
doctors, nurses and medical assistances both auto-
matically mobile and by control operation to perform
a variety of patient position including supine, prone
and lateral decubitus in the best safety profile. The
anticipation to develop the further version of this con-
ceptual service robot; Clinicon, is potentially feasible.
The human physiological parameters including vital
signs, oxygen saturation or end tidal CO, and also
other medical devices such as ventilators or warmer
are possible to assembly. Compiling with the best

communication system, this robot could provide the
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Figure 10 3 stations of path model experiment
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interaction communication. It is possible to upgrade
this robot capacity to facilitate the medical team in a
variety of monitoring and moving the patient for more
distance and safe in several conditions including war

field or disaster area.
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Transporting in right lateral decubitus position

©) (h)

Transporting in right lateral decubitus position

U] ()

Figure 11 4 positions alignment; supine, prone right and left lateral decubitus, by CLINICON
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