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Abstract—The age of the world population is getting 

older year by year. The increasing old age rate will bring 
together some difficulties for caring elderly person. 
Young people population who will take care of the elderly 
in the following years will not be able to meet this need. 
The fact that elderly people and family members live in 
the same environment also creates family quarrels and 
psychological problems. This results in the need for a new 
alternative to take care of. With the rapid development of 
technology today, robots have entered our lives in the 
service sector as well as in many sectors such as education, 
health, production. In this study, the service and assistant 
mobile robot that is developed for the growing elderly 
population in our country and in the world will help the 
user to meet their daily needs and support living alone. 
The mobile robot, with artificial intelligence-supported 
voice communication capability, will be able to receive 
voice commands and provide assistant support to the 
user. Also, with the robot’s autonomous mobility, it will 
go to the locations that the user says and will be next to 
the person. At the same time, thanks to the health 
tracking system that working with the robot 
simultaneously, it is aimed to monitor health values and 
prevent health problems that may arise both short term 
and long term. It is aimed to increase human-robot 
interaction by providing interface support with the screen 
to be placed on the robot. 

Keywords— Assistant robot, Service Robot, Human 

Robot Interaction, Elderly Care, ROS, Fuzzy Logic, 

Internet of Things, Voice Assistant. 

I. INTRODUCTION  

As in the rest of the world and Europe, the number and 
ratio of the elderly population in Turkey has increased in 

recent years. According to the data obtained from 
TURKSTAT, the population aged 65 and over, which is 
accepted as the elderly population, was 6 million 192 
thousand 962 people in 2014, and it increased by 21.9% in 
the last five years and reached 7 million 550 thousand 727 
people in 2019. The proportion of the elderly population in 
the total population increased from 8.0% in 2014 to 9.1% in 
2019. In 2019, 44.2% of the elderly population was male and 
55.8% was female. According to population projections, the 
elderly population ratio is predicted to be 10.2% in 2023, 
12.9% in 2030, 16.3% in 2040, 22.6% in 2060 and 25.6% in 
2080. With the aging population, people's health problems 
will increase in direct proportion [1]. 

The increasing rate of old age causes an increase in the 
need for elderly care. It will be inevitable for elderly people 
to live with their family members to provide care. This 
situation will wear out the individuals mentally and create 
bigger problems. The fact that elderly people live alone with 
the help of institutions that provide home care services will 
put people in economic difficulties in the long run. Yaver 
(name of the robot) is intended to support elderly people 
living alone in their home environment. In this study, 
Evarobot is used as mobile robot platform. With Evarobot, 
which is ROS (Robot Operating System) based mobile robot 
platform, autonomous movement is provided by using the 
ROS navigation stack to accompany the user in the home 
environment. Also, with the help of Google Speech API, the 
voice commands given by the user are detected and voice 
responses are given to the person. In this way, both voice 
assistant support is provided, and human-robot interaction is 
ensured. It is aimed that the elderly person adopts the robot. 
The health of the elderly population, which is a more 
sensitive group especially during epidemic periods such as 
the Covid-19 pandemic, should be carefully monitored. For 
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this reason, it is a necessity to be able to monitor the health 
status of the elderly remotely. The monitoring of the health 
parameters will make by the following research and papers 
[2-4]. With the help of the developed, Internet of Things (IoT) 
based wristband, the data received over the internet is used in 
the fuzzy inference system. Anomaly detection is made 
according to the obtained output from the fuzzy inference 
system. At the same time, with the developed interface, the 
human-robot relationship is increased. 

II. RELATED WORKS 

Today, studies continue within the framework of this 
subject. These are robots with a human-like appearance and 
are part of the home environment, robots used to reduce the 
workload on staff in nursing homes, robots that can offer 
emotional responses as part of smart home automation and 
there are many examples of mobile robots used to help people 
with Alzheimer's disease, elderly care, health monitoring etc.  
The emotional robots have been designed for daily assistance 
and increasing the relations between humans and robots 
[5][6]. However, they cannot be sufficient for elderly care 
because while caring an elderly person there must be some 
considerations except assistance. Health of the elderly person 
must be considered while caring an elderly person. This 
approach also has been developed for elderly care with fall 
detection system via Kinect sensor and human robot 
interaction is provided with speech recognition [7]. Another 
solution has been created for elderly care in the Bulgarian 
Academy of Science.  As stated in the article [8], a robotic 
system which contains Kinect sensor for fall detection, user 
interface for interact with the user and a robot arm for 
manipulating different objects. This approach might be a 
sufficient solution for tracking the physical health of the 
elderly person but might not be sufficient to support the 
elderly individual to live alone in the home environment, 
since it does not provide enough personal assistance support 
and tracking the vital signs of the elderly person. Also there 
have been another works for create assistive robots for elderly 
care in the home environment [9][10][11] and in the hospitals 
and clinics [12-15] in the literature. 

Creating a framework to communicate between the robot 
and the modules on it is a difficult problem. To solve this, 
Robot Operating System (ROS). It works with small program 
packages called ROS node system. With this node system, 
different program languages can be used together [16]. The 
convenience and features provided by the ROS framework 
were used for robot control. The position of the robot cannot 
be determined without known mapping of its environment so 
first step is the creating a grid map of the environment. The 
idea behind the Simultaneous Localization and Mapping 
(SLAM) is the bring together the mapping and position of the 
robot [17]. Gmapping algorithm was used in this study. With 
SLAM, the mapping and positioning processes of the robot 
were carried out. Speech recognition is the process of 
converting an acoustic signal received by a microphone into 
a group of words [18]. The speech consists of two important 
parties. Recognizing the sound sequence and recognizing the 
word in the sound. This recognition technique also depends 
on many variables [19]. Different techniques have been 
developed for these different variables. The most popular and 
dominant technique of the last two decades is the Hidden 
Markov Model (HMM) [20]. The Google speech recognition 
API we use in our study also uses this technique. Many 
scientific works have been conducted for anomaly detection 

until today. In these works, different solutions have been 
proposed for different types of anomalies. Anomaly detection 
is a method of identifying unusual situations or patterns in 
data. These unusual situations or patterns are simply 
situations or patterns that do not follow the expected behavior 
of a data. [21,22]. In our study, [23-26] was combined with 
robot features in addition to the fuzzy-based anomaly 
detection systems used. Thus, a service robot that can monitor 
health status has been developed. 

III. THE ELDERLY CARE SERVICE ROBOT 

The Elderly Care Service Robot consists of two parts, a 
mobile robot and computer. Evarobot which has ROS 
interface, is used as mobile robot. Evarobot has Raspberry Pi-
4 internally [27]. Evarobot provides SLAM to mapping the 
home environment for autonomous movement and controls 
autonomous movement, processing of sensor information and 
navigation. The computer (i7 based) that has Windows OS 
performs the voice recognition; takes health data from the 
wristband and performs the data analysis; and provides 
human-computer interface. Also, the task planning is 
provided with SMACH which is a state machine architecture. 
SMACH has been used for complex operations to be carried 
out over the robot and for scheduling tasks between these 
operations. With the SMACH structure, the basic architecture 
has been created for the behaviors required to be performed 
according to simultaneous, sequential tasks and conditions 
[28, 29]. The computer and Raspberry Pi-4 communicates 
over Ethernet. Python libraries are used in this work will be 
denoted by PyLib. 

The block diagram of the robot system is shown in Figure 
1. The interconnections between the robot’s processing unit 
and the other units are shown in Figure 2.  

 

Figure 1. Internal Structure Block Diagram of Yaver 

 

Figure 2. Relationship of the Processing Unit with Other Units 

A. Speech Recognition and Navigaiton 

The movement of Yaver and the functions for voice 
assistance are activated by voice commands. The voice input 
is captured by USB microphone connected to the Raspberry 
Pi-4. The voice is processed the functions in the Speech 
Recognition library (PyLib).  
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The voice command recognized by Google speech-to-text 
API are presented to Yaver as Publisher over the 
MoveBaseGoal class structures defined in the Actionlib 
library (PyLib). The linear and angular velocities of Yaver in 
certain locations is published on the cmd_vel topic. It 
provides the necessary information for path planning and 
obstacle avoidance such as global costmap and local costmap 
as well as algorithms such as DWA for the navigation process 
to take place. At the same time, the Google Text-to-Speech 
(gTTS) library can make the text to speech conversion, and it 
can give a voice response using the playsound library 
(PyLib). This voice output is sent to a mini external USB 
stereo speaker. 

The voice commands are not only use in motion 
algorithms but also, they are used for searching in internet, 
play a music via YouTube, provide voice assistant 
functionality, and obtain date information. All these 
operations are realized using Python library functions.   

B. Health Monitoring System 

Since the wristband to be used in the system has a high 
cost, an Arduino-based heart rate tracking system has been 
developed to test the fuzzy inference system. Arduino UNO 
based pulse sensor and ESP8266 Wi-Fi module is used for 
measuring the heart rate and transfer the data to the 
ThingSpeak server. The circuit diagram of the system shown 
in Figure 3.   

 

Figure 3. Arduino Based IoT Heart Rate Measurement System 

Arduino IDE program was used to upload the necessary 
software to the Arduino UNO. For activating the pulse sensor 
and count the pulses, Pulse Sensor Playground library is used. 
For serial communication between the Arduino and ESP8266 
Wi-Fi module Software Serial library is used. Serial baud rate 
set as 9600 and ESP communication rate set as 115200 baud. 
After the communication begins, the ESP configuration 
starts. First the ESP module is detected than ESP module is 
set as client. If the first two steps complete properly, the ESP 
module connects to the network. When the pulse sensor 
configurations finish, the setup process complete.  

In the loop function, process start with connecting to 
ThingSpeak IP address. When connection accomplished, the 
function of pulse sensor which is sawStartOfBeat let us detect 
if any pulse is occurred. When the pulse is detected, 
getBeatsPerMinute function measure the heart rate. The 

measured heart rate data stored in a variable and send to the 
ThingSpeak server, with the help of write API key, from field 
1. If ESP module find the response with the character “>”, 
data transmission process complete successfully. The defined 
loop continues until terminated by the user.  

The uploaded data can be requested by Python with the 
help of URLLIB (PyLib) in the processing unit of the robot. 
The URL address, which including read API key of the heart 
rate data at ThingSpeak server, opened by URLLIB. The field 
1 data that in json format, which stores the heart rate data per 
minute, is read. This process repeats for 10 seconds, and the 
data simultaneously sent from the ESP module is written into 
an empty array. This obtained array includes string type 
members. For process the heart rate data, string format must 
be converted into integer. When the data is converted into 
integer type, heart rate input is ready for further operations in 
fuzzy inference system. 

For testing the fuzzy inference system, the heart rate input 
is obtained by real-time measurements, the other inputs 
generated synthetically by the computer. Yaver monitors the 
user's health data and generates an alert when there is an 
abnormal situation. Fuzzy Logic method is applied on health 
data. According to the studies in [2-4], the health parameters 
were scored from 0 to 10. Scoring was done in such a way 
that the values obtained less than the ideal range were scored 
around 0, the values obtained within the ideal range were 
scored around 5, and the values obtained above the ideal 
range were scored around 10. 

Data is divided into membership values. Four health 
parameter which heart rate, body temperature, major blood 
pressure and small blood pressure consist of triangular 
membership functions. These universes of discourse also 
consist of three subsets which low, middle, and high. The 
value defined as low degree represents the value 
corresponding to the low subset function of the score and 
middle degree represents the value corresponding to middle 
subset function and high degree represents the value 
corresponding to high subset function. Since the deterioration 
in any parameter constitutes an alarm case, it is sufficient to 
define 3 rules. These rules are defined to produce the function 
called low alarm if at least one of the parameters is low, the 
middle function if all parameters are in the ideal range, and 
finally the high alarm function if at least one parameter is 
above the ideal range. The inputs connected each other with 
‘or’ and rules were defined. Mamdani method was used to 
create the rule output functions. Max-min composition 
method applied to rules and further defuzzification methods 
were used. The defuzzification methods that used in this 
application are Largest of Maximum (LOM), Smallest of 
Maximum (SOM), Mean of Maximum (MOM), bisector and 
centroid. Since the scoring was done in a way that would 
cause the LOM and SOM crisp values to deviate from other 
defuzzification crisp values in abnormal cases, the anomaly 
could be detected by the deviation of these values. Otherwise, 
all the defuzzification crisp values clustered in the middle of 
the output. If the decision printout obtained from FIS shows 
that there is an abnormal situation, a healthcare worker with 
an agreement is informed via e-mail. In both cases, when the 
process is finished, the measurements are saved in a database 
for further review. In this way, it is aimed to detect the health 
problems that the elderly person may experience early and to 
take the necessary precautions. Fuzzy logic is implemented 
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by scikit-fuzzy (PyLib) and matplotlib (PyLib) was used to 
visualize the outputs. Also, e-mail is sent to the healthcare 
worker using smtplib (PyLib). 

C. Interface 

For increasing the human-robot interaction, an interface 
is a useful method. Visual-based outputs such as internet 
research support are presented to the user with the interface 
designed with PyQt5 Designer [30]. The GUI (Graphical 
User Interface) created with PyQt5 is shown in Figure 4. The 
GUI has four buttons: health, news, weather, and web. By 
clicking the health button, measurement can be started 
instantly, and past health data can be observed. By clicking 
the news button, user can follow the events in daily life by 
switching between the defined news sites. By clicking on the 
weather button, a desired location’s current weather 
condition can be followed and finally, by clicking the internet 
button, desired searches can be made on the internet. 

 

Figure 4. GUI  

D. Hardware Arcitecture 

Evarobot mobile robot platform has 13 kg internal weight 
and 10 kg load capacity externally. The platform includes two 
drives and has 1 meter per second maximum speed. The 
platform can accommodate up to 20 sensors. Evarobot 
contains 7 IM-SMO20 ultrasonic and 7 GP2Y0A21YK 
infrared sensors [27]. The mobile robot platform Evarobot is 
shown in the Figure 5. 

 

Figure 5. The Mobile Robot Platform Evarobot 

IV. EXPERIMENTS 

A. Autonomous Navigation of Yaver 

For the user's requests to be fulfilled by the robot, the 
robot must be positioned close to the user. For this reason, the 
autonomous movement of the robot in the home environment 
must be flawless. Figure 6 shows the home environment 
designed in Gazebo and Figure 7 shows the mapped 
environment. 

 
Figure 6. Home Environment 

 
Figure 7. Mapped Home Environment 

When the mapping process is completed, the navigation 
algorithm can be tested. As a result of the experiments, it was 
determined that Yaver to follow the most ideal route in 
corners, the inflation radius parameter value in the costmap 
common params file is obtained as 0.55. Also finding the 
correct position after Yaver reach the goal provided by 
making changes to the x y goal tolerance parameter in the 
DWA local planner package. This value, which is set to 0.1 
by default, has been increased. As a result of the tests, it was 
found that the ideal value was 0.25. In the tests after the 
changes made in the parameter, it was seen that the 
autonomous navigation of Yaver is fulfills all the desired 
behaviors and Yaver was able to move autonomously in the 
home environment. An example for navigation is shown in 
Figure 8. 

 

Figure 8. Navigation for Movement to Sitting Room 
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B. Speech Recognition and Voice Command 

In this part of the experiment, speech recognition tests and 
optimizations will be handling. Yaver must be nearby to 
interact with the user. There are keywords used to start the 
movement from one point to another, such as ‘living room’, 
‘sitting room’, ‘kitchen’, ‘bedroom’ etc. Also, when the 
keyword ‘measure’ is recognized, the wristband module 
activates and starts the health measurement. For provide 
voice assistance support, the keywords ‘weather’, ‘music’, 
‘Wikipedia’, ‘news’, ‘reminder’, ‘search’. The keyword 
‘weather’ provides information about desired location’s 
weather condition.  The keyword ‘music’ allows the user to 
listen to the music they want by searching on YouTube. The 
keyword ‘Wikipedia’ allows the user to receive brief 
information about a person, place, or event they want to learn. 
The keyword ‘news’ allows the user to access news sites 
through the interface. The keyword ‘reminder’ allows the 
user to set a reminder for a desired time and when that time 
comes, it sends a notification to remind the user. The keyword 
‘search’ allows the desired things to be searched on Google 
through interface. 

Some experimental work has been done to optimize the 
listening process. To avoid the timeout situation during the 
continuous listening process, if the word is not detected for a 
certain period, the algorithm is arranged to return to the 
current state and restart the listening process. Thus, the 
continuous listening process has been ensured to work 
without any problems in all the states where voice recognition 
is made. 

During the speech recognition tests, all the keywords are 
used in a sentence and said 100 times for per keyword. The 
results show that sentences are recognized 95 percent 
accuracy. Results vary depending on ambient noise and 
microphone quality. In case the project receives financial 
support, it is aimed to eliminate errors caused by such human 
factors by using quality equipment. 

C. Wristband and Fuzzy-based Anomaly Detection System 

In our study, a fuzzy-based anomaly detection system was 
tested with the heart rate data that obtained by IoT based 
Arduino system and synthetically generated data at the 
computer which body temperature, major blood pressure and 
small blood pressure data. The heart rate values obtained by 
the pulse sensor. The measurement results show that, the 
pulse sensor that used in the system does not have very 
accurate measurements. Due to the optical sensor, any 
movement can affect the measurement. The fluctuations in 
the measurements have been brought close to the ideal using 
the applied filtering methods and give the desired results to a 
large extent. Another case is the heart rate data transmission. 
ESP8266 Wi-Fi module was used to make the system to be 
created lacking in cables. Network connection problems 
occur because the resonance frequency is not too high. A 100 
�� capacitor was used in the circuit to prevent breaks in the 
network connection. Thus, the noise that carried on 
frequencies is filtered out and disconnections are reduced to 
minimum. However, the obtained results are enough for 
testing the inference system.  

In Figure 9, the result of the experiment after passing 
through the fuzzy-based anomaly detection system of the 
health data obtained in the optimum value range is shown. 

 
Figure 9. Fuzzy-based Anomaly Detection System Output for Optimum 

Health Values 

As shown in Figure 9, heart rate obtained as 74.4, major 
blood pressure is 112.9, small blood pressure is 77.3 and last 
of all the body temperature is 36.1. When the result is 
examined, no alarm situation has been observed since the 
produced value is within the optimum health data range. 
Since the health parameters are in the ideal range, the output 
crisp values are clustered in the middle of the output universe 
of discourse. 

In Figure 10, the test result and alarm status of the health 
data was obtained outside the optimum value range are shown 
after passing through the fuzzy-based anomaly detection 
system. 

 
Figure 10. Fuzzy-based Anomaly Detection System Output for Non-

Optimal Health Values 

When the values and the result observed in Figure 10, 
heart rate obtained as 149.3, major blood pressure is 120.9, 
small blood pressure is 78.8 and body temperature is 35.9. It 
has been observed that the heart rhythm of the person is much 
higher than the value it should be. A high heart rate falls under 
the class of output membership function, which is defined as 
high alarm. As can be observed from the output function, it is 
seen that there is a peak at 25. The deviation of the LOM can 
help the system to detect anomaly easily. 

The tests have been applied more than 100 times and the 
results showed that system is working with %99 accuracy. 
Only 1 time the system cannot detect the anomaly situation. 
As a result of our observations, it was seen that the reason 
why the system could not make this determination was since 
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one of the synthetically produced parameters coincided with 
the blind spot on the score table. Necessary adjustments were 
made in the scoreboard and no errors were found because of 
the tests. 

V. CONCLUSION 

In this study, the study that will support the elderly people 
to live alone in the home environment has been successfully 
concluded. For communication between Yaver and the user, 
an interface and voice control were provided. In our study, 
firstly, the home environment was mapped on the simulation 
with the gmapping algorithm. Thus, Yaver has been made 
able to fulfill the positioning orders of the user. With the help 
of Google speech recognition API, speeches were recognized 
and given commands were executed successfully. Yaver was 
able to fulfill the given orders with the task management and 
then enter the new task standby mode. Yaver analyzes the 
health data coming from the wristband by using fuzzy-based 
health anomaly detection algorithm. When it detects an 
anomaly in the health data it sends the emergency message 
by e-mail. The user can make a search in internet; read news; 
get weather information and past health data through the 
interface provided on Yaver. With the help of a robotic arm 
that will be added in future studies, it is aimed to provide 
physical support to the user. 
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