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THE DESIGN AND APPLICATION OF WEB-BASED GUIDE ROBOT
INPOEKTUPOBAHUE U TIPUMEHEHUE BEB-I'/Il POBOTA

Pobommyx sammapovin Unmepuemunun Mucaivt Kamapvl pooommowmypyiean He2uzoenzen euo pooom
UHMepHEem apKblLYy KO3OMOJIOOHOM JHCAHA MAPMAK UYMUHOe2U UHMepHemme U0 MAdTbIMAMbIH
benywem. Beb-6payzepou xondowyn, Humephemxe mMymawkan Kaaiaeaw myamMeK Oy1 pobommy
bawxapvin, depuneen maanvimammapoel ana aiam. Telepresence Pobom mypynoecy eud pobomynoa
KOJOOHYYYY uHmepgelicu dHcana 2ud MmaanieimMamvl YuyH 6e0-6apaxuyaniapovl cavieaumvlpeai 6eo-
cepsep Oap. OuWOHOYKmMaH, poOOMMOH ANbIC HCAUSAWKAH KOJIOOHYYUY IHCAHA POOOMMYH IHCAHLIHOA2HI
AHCEPSUNUKMYY — KOJIOOHYYUYIaAp — MOOUTOUK — MY3MOKMOPYH KOJLOOHVH, —UHMEPHem  apKulLyy — 2uo
maanvimameina dceme anviuiam. bByn makanada o6uz eebee necuzoencen 2ud poObOmMyH KAHMUN uwimen
UbICYVHY JICAHA YHUBEPCUMEMMUH KAMNYCYHA 6a2blmmooyy poOommy aHblH MupKemelepuHun oupu
KAmapvl KAHMun uwKke aublpyyHy CyHyumaiovls.

O30k coe300p: pobom-2uod, 3ammapoblH UHMePHemu, MUKpOKOHmponep, Bluetooth, npoepammansix
Kamcwi3000, My3MOK, OAuUIKapyy.

HUnmepnem-pobom-eud, xax npumep Humepnema pobomusuposannvix eewjell, Ynpagisemcs uepes
HUnmepnem u obmenusaemcs ungopmayuei pykosoocmea 8 cemu 8 pamkax cemu. HMcnonvzys eeo-
opaysep, a0boe ycmpoicmeo, NOOKIOHUeHHoe K Hnmepnemy, modcem ynpagisms Smum pooomom u
noayyams npedocmagienHvle OauHvle. Pobom-euo 6 ¢opme poboma Telepresence umeem eed-cepsep,
Ha KOMOPOM pAa3MeujeHvl 6e6-Cmpanuybl ¢ NOIb308AMENbCKUM UHmMepgeltcom u Hanpasiaouer
ungopmayueu. Takum 06pazom, noab3o8amenb, HAXO0AWULCA 60alU om podboma, U MeCcmHble
Nob308amenu, Haxooawuecs psioom ¢ pobomom, Mo2ym NOAy4ums OOCMyn K nyme8ooOHOU UH@opmayuu
uepes Unmepnem ¢ nomowpio c8oux MoOUNbLHBIX ycmpolcms. B smoil cmamve mvl npedcmasisiem, Kax
paspabomams  6e6-poboma-euda U peanuz08amsv poooma-2udd 8 YHUBEPCUMEMCKOM 20pooKe 8
Kavecmee 00HO20 U3 €20 NPUTONHCEHUI.

Kniouesvte cnoea: pobom-cuo, Humepuem eeweti, muxpoxoumpoinep, Bluetooth, npozpammmuoe
obecneuenue, ycmpoicmeo, ynpasienue.

Web-based guide robot as an example of Internet of Robotic Things is controlled through web and share
guide information on web within a network. Using web browser, any device connected to the Internet
can control this robot and get the data provided. Robot in the form of Telepresence Bot has a web
server hosting webpages for user interface and guide information. Therefore, a users both distant and
near the robot can access guide information via web using their mobile devices. In this paper, we
present how to design web-based guide robot and implement university campus guide robot as one of its
applications.

Key words: robot guide, Internet of things, microcontroller, Bluetooth, software, device, control.

Introduction. Internet of Things (IoT) is the concept of connecting any device to the Internet and to other
connected devices. Almost all, every area, every device, every sensor, every software can be connected
to each other over Internet. The ability to access these devices through a smartphone or through a
computer is called IoT. IoT is basically a platform where we connect anything with
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electronics, software, and sensors to the internet enabling them to collect and exchange data. IoT
platform collects and combines data from multiple devices and platforms and applies analytics to share
the data with applications to address industry-specific needs.

Internet of Robotic Things (IoRT) is the concept where intelligent devices can monitor events, fuse
sensor data from a variety of sources, use local and distributed intelligence to determine a best course
of action, and then act to control or manipulate objects the physical world, and in some cases while
physically moving through that world. Namely, IoRT is one of the IoT and the main difference with
IoT is that a robot takes real actions in the physical world. Figure 1 represents the scope of Internet of
Things and Internet of Robotic Things. [1]
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Fig. 1. The sc_o};e of Internet of Robotic Things

Guide robot presented in this paper is kind of robotic telepresence and is also known as robot assistant.
A robotic telepresence system results from combination of the robotics and the information and
communication technologies. This allows users to remotely control a robot and provide useful
information with people around the robot. A successful robotic telepresence system must face a number
of issues that can be grouped into three main categories: (1) providing accessible and easy-to-use
interfaces to facilitate the telepresence experience, (2) integrating robust multimedia features and real-
time communications under different network conditions, and (3) considering efficient and adaptable
solutions to provide the requested robotic abilities. [2]
Also, guide robot is an example of Internet of Robotic Things. It is controlled through web and share
guide information on web within a network. Using web browser, any device connected to the Internet
can control this robot and get the data provided. There are several applications of web-based Guide
robot like university campus guide, tour guide, airport guide and shop guide.
In this paper, we present how to design web-based guide robot and implement university campus guide
robot as one application

I. THE DESIGN OF WEB-BASED GUIDE ROBOT

A. Architecture

Guide Information
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Fig.2. Architecture of Web-based Guide Robot

Figure 2 shows how web-based guide robot works. A user controls the guide robot and offers guide
information to local customer in need of assistance through web-based network.
Telepresence Robot-shaped guide robot has a web server hosting webpages for user interface and guide
information. Therefore, local customers can access guide information offered by the robot using their
mobile devices.

B. Design
This robot consists of two main parts: remote-controlled wheeled robot and web for guide robot.

e Remote-Controlled Wheeled Robot

The robot is a remote-controlled, wheeled device that has wireless connectivity. This robot has
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two wheels connected to stepper motors and has a camera and ultrasonic sensor to detect front obstacle.
Using Bluetooth, it is controlled by mobile devices like laptop or smartphone remotely. All parts of the
robot are as follows.

- Microcontroller as robot control center

- Sensor to detect the environment around robot

- Actuator which is responsible for moving robot

- Wireless communication between robot and user

- Control algorithm

e Web for Guide robot

There are two kinds of web for Guide robot. One is a web user interface to control robot and the other is a
webpage to display guide information. The robot uses a wide touchscreen providing video and audio
capabilities and it shows guide information on the screen through web. Web components for guide robot
are as following.

- Client-side user interface

- Server-side guide information webpage

- Web-server for hosting user interface and guide webpage

C. Implementation
e Hardware

For making the robot, two types of microcontroller are used and all electronic parts are connected to
Arduino and Raspberry Pi respectively.

Fig. 3. Web-based Guide robot hardware design diagram

1. Microcontroller
Arduino and Raspberry Pi are a popular choice when developing embedded system like IoT. That’s
because it enables to develop easily with reasonable price and a large number of applications and
examples.
Arduino is an open-source platform used for building electronics projects and consists of physical
programmable circuit board and IDE (Integrated Development Environment) with simplified version of
C++. Arduino boards are relatively inexpensive compared to other microcontroller platforms and Arduino
Software (IDE) is easy-to-use for beginners, yet flexible enough for advanced users.
Raspberry Pi is well-known to several Internet of Things projects because it offers wireless
networking like Bluetooth and WiFi and a complete Linux server with a tiny platform at an incredibly
low price.
In this paper, Arduino UNO and Raspberry Pi 3B were used.

2. Motor
For controlling the robot precisely, two stepper motor with planetary reduction gear were used. Stepper
Motors rotate a precise angle according to the number of pulses of electricity sent to them and it requires a
motor driver to energize the phases in a timely sequence to make the motor turn. TB6600 Arduino
Stepper Motor Driver is an easy-to-use professional stepper motor driver, which could control a two-phase
stepping motor. It is compatible with Arduino and other microcontrollers that can output a 5V digital pulse
signal.

3. Range Sensor
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Ultrasonic ranging module HC - SR04 provides 2cm - 400cm non-contact measurement function, the
ranging accuracy can reach to 3mm. Ultrasonic sensors generate high frequency sound waves and
evaluate the echo which is reflected back to the sensor. A timing chip measures the time interval between
transmitting the signal and receiving the echo to calculate the distance to the object.

4. Bluetooth
HC-05 Bluetooth Module is an easy to use Bluetooth SPP (Serial Port Protocol) module, designed for
transparent wireless serial connection setup. Its communication is via serial communication which
makes an easy way to interface with microcontroller like Arduino. It is responsible for the communication
between Raspberry pi and Arduino.

5. Camera
Raspberry Pi Camera is compatible with Raspberry Pi and supports all revisions of the Pi. It has a 5
megapixel OV5647 sensor and the focus distance is adjustable. Especially, it includes Fisheye Lens
which offers wider field of view and infrared LED which supports night vision.

6. Touchscreen
10.1 inch Capacitive Touch Screen LCD with 1280x800 hardware resolution has HDMI interface for
displaying, USB interface for touch control. It works with Raspberry Pi and supports Raspbian OS
without any driver.

e Software
Guide robot software consists of three main parts: Web control for user and Robot control for robot and
Main control for interaction between user and robot. The software design diagram is presented in
Figure 4.

Web Control

+ Control Panel for user
interface

Main Control

« Web interfacing
* Image processing

Robot Control

» Stepper motor Control
» Distance measurement

« Webpage for guide + Bluetooth comm «  Bluetooth comm.
information «  Written in Flask and «  Written in Arduino and
«  Written in HTML/CSS/ Python C++
JavaScript

Fig. 4. Web-based Guide robot software design diagram
1. Robot Control
The robot is basically controlled in accordance with commands from wuser interface through
Bluetooth. It can move the robot forward and backwards, turn right and left, and stop. Also, it
automatically stops when detecting an obstacle by measuring the distance to any obstacle using ultrasonic
sensor. The control algorithm was described in Figure 5.
The software for robot control was implemented in C++ using Arduino IDE.

Motor Control : Foreard Motor Conirol : Backwards Motor Control : Turn Right

Distance Measurement

Distance >
10cm
Motor Control : Stop

Fig. 5. Guide Robot Control Flow

2. Web Control
Two types of web application are needed for web of guide robot.
One is a control panel for user interface for controlling robot and the other is a webpage for guide
information. The user interface and guide webpage can be hosted using web-sever and any mobile devices
connected to network can access to the control panel and the webpage.
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The user interface including image streaming and the website for guide information were designed by
HTML, CSS and JavaScript.

As shown in Figure 6, simple images to control robot were placed on webpage by HTML and a script
was described by JavaScript for dynamic behaviors that an event occurs when an image is clicked or a
slide is moved. Also, a live video was implemented on webpage by streaming a sequence of
independent JPEG pictures called Motion JPEG.

Motor Control | Destance 281 cm

Fig. 6. Web User Interface: Robot Control Panel

3. Main Control
This main control software mainly handles interaction between user and robot. It includes webpage
interfacing and image processing as well as Bluetooth communication.
For this, a micro web framework called Flask is used. Flask is suitable for creating web applications
running on embedded devices like this robot. Also, using Flask application called Flask- SocketlO, it is
possible to access to low latency bi-directional communications between the clients and the server.
This socket is great for providing live information by getting info on the webpage without
reloading or waiting for long-polling.
With these Flask relevant tools, it enables not only to host webpage but also to interact between user as
client and robot as server. In addition, images streaming is possible through web using Flask.
All main control software was implemented in Python and Flask written in Python. Figure 7
describes software components for main control.

[ Bluetooth connection | Web routing
+  User Interface
I Bluetooth data transfer I » Video streaming
Bluetooth + Guide webpage
[ Get frame from camera | Web Socket
+ Robot Direction control
Video streaming * Robot Speed control
generation + Distance display
Video Web
Main Control

Figure 7. Main Control Software

Firstly, Bluetooth package providing the Bluetooth protocol stack was used. PyBluez module allows
Python code to access the Raspberry Pi's Bluetooth resources.
Secondly, getting frame from Raspberry Pi camera and generating video streaming was implemented in
a background thread. It captures video frames from the camera when a user connects to the web user
interface and this is constantly running while the Flask web-server is running.
Finally, in web program, web routing for user interface including video streaming and webpage for guide
information was implemented. Also, web socket was applied for robot direction control and speed
control as well as displaying distance between robot and an obstacle. This web socket was used to react
instantly when a user sends a command through web.

II. WEB-BASED GUIDE ROBOT APPLICATION
As one of applications of web-based guide robot, a university campus guide robot was implemented. This
robot provides information about Kyrgyz State University of Construction, Transportation and Architecture
(KSUCTA).


http://www.abbyy.com/buy
http://www.abbyy.com/buy

ooy * I
[

‘l'olif L
4

Robot Control Panel

| EEEE R
oS (B . T
-~ P -
\_"f- 0] k@ vym
; . Gult‘ll’.‘ Webpage

Fig. 8. KSUCTA University Guide Robot

This robot is controlled by robot control panel as user interface and provides university
homepage through web as moving information center. So, with laptop and mobile devices,
users can control robot and can access to information. It is possible to control remotely while
the video is streaming on web user interface and automatically stop when detecting obstacles in
front of the robot.
Depending on guide information, many types of guide robot like airport guide robot, café
guide robot and shop guide robot are possible. For example, in case of shop guide robot, a
shop owner can move the robot to specific area remotely and the robot moving around the
area can show and explain information about products to customers.
III. CONCLUSION
In this paper, a web-based guide robot presented has been designed and implemented. It was
able to be controlled remotely and get guide information provided by the robot via web. Once
web server in robot is activated, the remote user is able to move the robot forward,
backwards and to turn it left or right. A video stream enables the user to navigate remotely.
The robot can stop at a safe distance from an object and it doesn’t allow moving any further in
that direction until the obstacle is removed. Turning left and right or moving backward
operations are also available in order to avoid the object.
Regarding the robot control, only one user who connects the robot firstly can control this
robot since Bluetooth has the characteristic of one to one communication. With this skill,
the robot control authority by other users can be restricted except the robot administrator.
Thanks to web development with Flask framework, we saved a lot of time and effort to build
web application and environment for the robot. Especially, video streaming using Flask
was also very helpful.
In the near future, we will develop other kinds of web-based guide robot and in order to
interact with user more closely, intuitive user interface and webpage will be added. Also, a
database to store specific information for providing customized information will be applied
optionally.
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