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Abstract: Hospital nurse regularly bring her instrument to the patient using 
cart. They need to push or pull the cart to the patient bed and bring it back 
many times in a day. This can be tiresome for nurses because they need to treat 
many patients in the hospital. This research is mainly to solve this problem by 
constructing a mobile robot for nurses that is able to follow and carry the 
medical equipment and at the same time perform obstacle avoidance. The 
designed robot has ability to move in and out at constricted space and is able to 
avoid any obstacles either static or dynamic. This robot can carry a load of  
20 kg and used dc geared motor to move. The mobile platform is able to rotate 
at axial axis with the construction of special wheel and the placement of the 
motor. A suitable ultrasonic sensor bank is selected so that robot can detect 
obstacle around the mobile platform and avoid the obstacle. The robot control 
and obstacle avoidance system is designed by adopting the facilities of Basic 
ATOM microcontroller for better performance. 

Keywords: hospital nurse following robot; hardware development; sensor 
integration; mobile hospital robot; obstacle avoidance; ultrasonic sensor bank. 
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1 Introduction 

In hospitals, nurses are assisting the doctors to provide sufficient health treatment to the 
patients. Each nurse has her own responsibility for the delivery duties in the hospital. In 
general, nurses bring several medical documents/reports, instruments to patients using 
cart. The conventional cart is required some external force to push and pull the cart to the 
patient bed and bring it back many times in a day. This can be a tiresome for nurse 
because she needs to service several patients in the hospital. In order to assist the nurses 
on resolving this problem, an autonomous mobile vehicle can be developed to follow the 
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nurses while bringing with all the documents/instruments/reports. Thereby, the work load 
for nurse can be reduced and she can work in other productive activities. 

In real time navigation, there are many risks of facing errors in robot navigation. This 
research work focuses on hardware development and sensor integration for hospital nurse 
following robot. The main objective of this nurse following robot is to follow nurse and 
avoid the obstacles that exist in hospital environments. This robot has the ability to carry 
load or medical equipment that nurse usually uses in daily routines. This application is 
only suitable for nurse when they do daily routines such as giving patient medicine or 
meal and not suitable in emergency case. To design a robot that able to perform in 
emergency case, the intelligence of the robot is can be extended where it can respond 
according to the emergency situation. 

2 Literature review 

This research work involves the development of a mobile robot using microcontroller 
with an appropriate number of sensors. The movement of the nurse following robot must 
be smooth at the same time it should avoid any obstacle nearby the mobile robot. To 
provide a smooth and good decision, fuzzy inference knowledge can be used as a 
controller. Thereby, it provides a set of decisions for achieving smooth and safer  
person-following behaviour (Shaker et al., 2008). Tracking the target can be done using a 
set of transmitters and receivers built up with a group of sensors such as infrared and 
ultrasonic. The target will transmit the light and the receiver in the robot will be able to 
detect the current relative direction of the target (Gigliotta et al., 2003). 

Satake and Miura (2009) used stereo-based person detection and tracking method for 
the mobile robot to detect a person. This robot uses moving camera to detect a person by 
processing images that had been captured during tracking. Calisi et al. (2011) also used 
stereo visions that use model appearance to detect the user. In vision-based approach, 
there are many methods that are used to track a person in designated area. Some 
application use thermal vision (Treptow et al., 2006), modified optical flow (Handa et al., 
2008), human back recognition (Hirai and Mizoguchi, 2003), skin colour detection 
(Sidenbladh et al., 1999) and many more. This approach needs a good and high resolution 
camera and a notebook or personal computer (PC) to process the acquired data for target 
detection. 

The selection of sensor for detecting a person is the challenging issue in mobile robot 
navigation. Vladimir Kulyukin et al. (2004) described how radio frequency identification 
(RFID) can be used in robot-assisted indoor navigation for the visually impaired. 
However, some of the researchers have used both vision-based approach and RFID for 
tracking the persons in a human cluttered environment (Germa et al., 2009). In Hahnel  
et al. (2004), the researchers have pointed out the methods in which the efficiency of 
localisation using RFID is improved in mobile robot navigation. In addition, mapping is 
used for tracking the person in Hahnel et al. (2004). In this approach, tracking is done by 
scanning and mapping the whole area to find its target. The improvements on robot 
following behaviour can enhance the performance of robot movement and navigation. 
Bellotto and Hu (2007) performed task to compare which filter is suitable to use in the 
person following robot. 

The main challenging issue in person following robot is, how to track the 
corresponding person when multiple persons are in the mobile platform. Topp and 



   

 

   

   
 

   

   

 

   

   4 B. Ilias et al.    
 

    
 
 

   

   
 

   

   

 

   

       
 

Christensen (2005) presented a multiple tracking approach for mobile robot navigation 
and passing persons in the context of human-robot interaction. They use laser tracking 
system to detect multiple targets from a mobile robot. 

Some researchers have developed the robots with socially appropriate spatial skill not 
only to travel around or near people, but also to accompany people side-by-side (Gockley 
et al., 2007; Wang and Lee, 2006). Here, they used both path-following and direction 
following by laser tracking. 

3 Methodology 

In this work, we mainly focus on developing the mobile platform using sensor integration 
for the nurse following robot. Thereby, the robot has intelligence to do obstacle 
avoidance in hospital environments. Development of mobile robot will depends on the 
selection of material, wheels and electric motor. The proposed mobile robot is designed 
to carry a load of 20 Kg. We have used two different types for sensors for obstacle 
avoidance during robot navigation such as, sonar sensor and ultrasonic sensor. 

3.1 Mobile platform construction 

The main objectives for designing the mobile platform is: 

1 the mobile robot should carry a load of 20 Kg 

2 it should pass or move through a narrow space region. 

In order to meet these objectives, the mobile platform is developed with a height around 
900–1,000 mm and a diameter of 450 mm. The proposed mobile robot platform is in 
circular shape so that it enhances the robot mobility. In addition, the mobile robot is 
designed to rotate on its original axis by 360 degrees without collision with other object. 

3.2 Motor selection 

Selecting the appropriate type of motor is important for intelligent mobile robot 
navigation. The motor is used to drive the robot wheel for the desired location. There are 
several parameters which are considered to choose the motor such as weight and size of 
the robot, supplied voltage, speed and torque. In general, the selection of the motor 
depends merely on the robot application. In this work, the motor should have the 
capability to move and carry a load of 20 Kg. Hence, this type of application needs motor 
that have high torque in order to drive the robot into a desired location. The minimum 
torque (τ) requirement for any application can be calculated mathematically by using 
equations (1) and (2). In order to calculate the value of minimum torque of the motor, the 
load (mload), radius of wheel (r), acceleration rate (a) and platform weight (mplatform) are to 
be considered. 

( )platform loadF m m a= + ×  (1) 

The total force (F) derived from equation (1) is divided into two forces, because this 
robot uses two differential motor. Using equation (1), we can compute the value of torque 
required for driving the motor in equation (2). 
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motor wheelτ F r= ×  (2) 

3.3 Ultrasonic interfacing system 

The ultrasonic sensors are used to detect any obstacle around the mobile robot. Ultrasonic 
sensor use sound wave application to detect an object or obstacle. This sensor is 
interfaced with microcontroller for obstacle detection and avoidance. In this work, we 
have used Parallax's PING™ ultrasonic sensor and Basic ATOM microcontroller for 
mobile robot navigation. Figure 1 shows the block diagram of ultrasonic interfacing 
system. Basic ATOM microcontroller is used to generate a series of pulses and given to 
the ultrasonic sensor. The pulse wave output is transmitted from the ultrasonic sensor and 
reflected when there are obstacles blocking the transmission. Then, the received pulse 
wave is given to the microcontroller to calculate the distance between the sensor and 
obstacle using time interval measurement. From this distance calculation, the mobile 
robot is able to identify the presence of obstacles on its mobile platform and it perform 
obstacle avoidance task. Ultrasonic sensors are also used for calculating range of the 
distance between the robot and target person. This application is used for detection and 
tracking. Indeed, the mobile robot is always designed to maintain some safety distance 
between the robot and the target in order to avoid any collision. This distance 
measurement done by using microcontroller is used to control the speed of the mobile 
robot. 

Figure 1 Ultrasonic sensor interfacing diagram (see online version for colours) 

 

3.4 Ultrasonic sensor bank (USB-5) 

More sensors connected to the mobile robot will provide efficient obstacle avoidance 
during navigation. These sensors are connected together to make a sensor bank and it can 
cover larger scanning area with larger number of angular steps. In this work, the sensor 
bank is constructed using five ultrasonic sensors with fixed angle as illustrated in  
Figure 2. The robot has the ability to scan the obstacle around it in a range of ±90°. This 
type of sensor setup is suitable for robot that wills only moving forward direction. 
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Figure 2 Ultrasonic sensor detection range (USB-5) (see online version for colours) 

 

Figure 3 Ultrasonic sensor detection range (USB-8) (see online version for colours) 
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3.5 Ultrasonic sensor bank (USB-8) 

USB-5 is only capable to detect and avoid obstacle in front of the robot. By adding 
another three ultrasonic sensors at the back of the USB-5 sensor bank, the robot will have 
USB-8 and has an ability to detect obstacle over ±180° (Figure 3). Using these additional 
sensors, the detection range of the robot is increased to ±180° and it can help the robot 
with better navigation compared to USB-5 sensors bank. With USB-8 sensor bank, the 
robot has an ability to determine the obstacles behind the robot and avoid it if necessary. 
Ultrasonic sensor at the back of the robot will assist the robot to navigate especially in a 
narrow space. When the robot is in a narrow space, it will be fewer paths to choose to 
travel. Using USB-8, the robot can navigate and find the suitable path to use either to 
move front or backward. With this type of sensors bank, the robot will be able to detect 
any obstacle around. However, the robot may not avoid the obstacles completely due to 
the gaps between the sensors. 

3.6 Special wheel for the mobile platform 

The mobile platform that had being constructed is able to rotate 360° on a spot. To 
support the movement of the robot, the mobile platform need wheel or caster that enable 
to move freely in the forward and the backward direction of the robot. In this research 
work, we have used the Transwheels for mobile robot navigation. The multiple rows 
Transwheels are attached at the front and back side of the mobile platform. These wheels 
are used to create smoothness when the robot is rotating at 360°. 

Figure 4 Two connected multiple row Transwheels (see online version for colours) 

 

When the multiple rows Transwheel is mounted on front and back of the mobile 
platform, the platform can rotate itself smoothly on the centre. However, the vibration 
occurs due to the robot operation in forward or backward direction. This problem is due 
to presence of small gap between the rollers in the Transwheel. In order to resolve this 
problem, the small gap between the rollers in the Transwheels must be reduced. This has 
been done by adding another multiple row Transwheel to the first multiple row 
Transwheel. With this method, the vibration due to the robot operation in forward or 
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backward direction is reduced and the robot is still rotating itself smoothly at the centre. 
Figure 4 shows the combination of multiple rows Transwheel. 

3.7 Rotation of the robot 

The robot movements are controlled by using two DC geared motors that act as 
differential drive. Both motor are attached at the centre of the robot. The motor is 
connected with conventional wheel. With motor at the centre, the robot is able to rotate 
itself 360° on the spot. This will give advantage for the robot to move in a narrow space. 
Figure 5 shows the rotation of robot on the spot at a narrow space. 

Figure 5 Robot rotates 360° at narrow space Transwheels (see online version for colours) 

 

3.8 Autonomous obstacle avoidance 

The mobile robot is going to stop its movement and turn to a certain angle when it finds 
any obstacles through ultrasonic sensor bank (USB-8). This rotation is controlled by 
using motor with a delay timer. After a certain angle movement, the robot will scan again 
if there are any obstacles. The robot only moves forward if there are no obstacle in front 
of the robot. The robot will start tracking the target again after performs the obstacle 
avoidance task. After it tracks the person location, the robot will move to the target and 
will avoid obstacle that may occur when following the target person. After detecting the 
obstacle, the robot needs to turn to a certain angle and moves forward to avoid the 
obstacle. Figure 6 show the flow of the obstacle avoidance and Figure 7 shows the robot 
movement. 
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Figure 6 Flow chart for autonomous obstacle avoidance 
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Figure 7 Movement of the robot when avoid obstacle (see online version for colours) 

 

4 Result and discussion 

Figure 8 shows the complete construction of mobile platform for nurse following robot. 
The bottom is where the motor and special wheels are mounted. The robot is able to carry 
load and has the ability to avoid obstacles. 

4.1 Experiments on the mobile robot rotation 

This experiment is used to determine the time required for the robot to rotate for certain 
angle to avoid the obstacles during mobile navigation. The angle is derived while the 
mobile robot is rotating by both DC motor in the same direction. This experiment is 
carried out for one direction (clockwise) and results are same for the opposite direction of 
rotation. The obstacles are placed at three different angles such as 30°, 45° and 90° and 
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we measured the time taken by mobile robot to rotate for these angles. The time required 
for rotating the mobile robot for 30°, 45° and 90° is 0.125 ms, 0.188 ms and 0.375 ms, 
respectively. The angle of rotation of the mobile robot is important, because it can make 
sure that the robot is on the path for following the target person. 

Figure 8 Nurse following robot (see online version for colours) 

 

4.2 Experiments on obstacle detection 

A set of experiment is carried out to determine the accuracy of detecting the obstacles 
through ultrasonic sensor. Distance of the obstacle is measured by sending the sensor data 
to the microcontroller. This measurement is repeated for several times for each of 
obstacle range in order to get the accuracy of the ultrasonic sensor to detect an obstacle. 
We have varied the obstacle range to different values in addition to the fixed value of 
angle between the ultrasonic sensor and obstacle. To measure the distance of the  
obstacle, the data from ultrasonic need to be convert into distance variable using 
microcontroller. 

4.3 Angle detection failure of ultrasonic sensor 

This experiment is used to find the angle where the ultrasonic sensor incapable to detect 
the correct distance of the object. Ultrasonic sensor uses sound echo application for 
detecting the objects or obstacles. The sensor will only detect the obstacle when it 
receives the signal that had been reflected from it. The experiments on the ultrasonic 
sensor performance had been performed using ultrasonic sensor at different distance and 
detecting wall slanting at angle 0°, 15° and 30°. The measurement distances is listed as 
erroneous if the distance and the slanting angle of walls are at the right side of the bold 
line of Table 1. That is, the sensor offers the correct distance measurements when a wall 
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ahead is within a range of 120 cm (the optimum range) from the sensor and within a 
slanting range of ±15°. 
Table 1 Measured distances of walls with different wall angles 

Wall angles 
Exact distance (cm) 

0° 15° 30° 

30 cm 30 30 30 
60 cm 60 60 60 
90 cm 90 90 217 
120 cm 120 120 334 
150 cm 150 150 334 
180 cm 179 334 333 
210 cm 209 334 334 
240 cm 238 333 332 
270 cm 268 334 334 
300 cm 297 329 331 

5 Conclusions 

In this work, we have designed a mobile platform for the nurse following robot to track 
and follow the nurses in the hospital environment. In addition, a set of ultrasonic sensors 
are used for avoiding any obstacles during mobile navigation. This proposed nurse 
following robot has been designed to carry a load of 20 Kg of any medical 
documents/instruments. The selection of suitable motor and a set of ultrasonic sensors are 
used to provide a better navigation for the robot by avoiding any obstacles. This mobile 
platform is able to rotate at 360° axis with the construction of special wheel. The 
movement of the robot is controlled using differential drive that is able to control the 
angle of rotation for the robot and to move the robot in both forward and backward 
direction. The mobile platform construction is therefore able to move at narrow space 
such as space between patients beds in the hospital. 

Developing the obstacle avoidance method for the robot is very crucial in obtaining a 
perfect navigation for the robot. The location of the placement for the ultrasonic sensor 
had been found to increase the obstacle detection for the robot. Eight sensors are needed 
to be placed around the robot so the robot can detect all obstacles around the mobile 
platform. A set of experiments are carried out to validate the performance of the mobile 
robot. As a result of this experiment, the proposed mobile robot has required lesser time 
delay on angle rotation and minimum error on detecting the obstacles. 
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