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ABSTRACT

As robots enter the human environment and come in contact with inexperienced users, they need
to be able to interact with users in a multi-modal fashion keyboard and mouse is no longer
acceptable as the only input modalities. Humans should be able to communicate with robots
using methods as similar as possible to the concise, rich, and diverse means they use to

communicate with one another.

The framework is demonstrated by interactively controlling and programming a vacuum-
cleaning robot. The demonstrations are used to exemplify the interactive programming and the
plan recognition aspect of the research. The key contributions of this thesis are the introduction
and implementation of the novel programming approach. It is expected to improve significantly

the state-of-the-art in robot programming and interactive personal robotics.
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CHAPTER 1

Introduction

Robots are becoming more and more common in our daily lives showing up in the form of
everything from children‘s toys, to robotic vacuum cleaners, to home security robots. Robots have
been doing automated tasks in factories for decades. With the ever-increasing speed and power of
digital systems coupled with the continuously expanding field of robotics, it is becoming more
practical to build custom robotic systems with a degree of flexibility and freedom that was once
impossible, giving robots the ability to communicate wirelessly or to act autonomously. Now,
instead of robots simply performing manual tasks such as repetitive jobs at factories, robots can

perform jobs once thought to be reserved for humans, without the risk a of danger to a human life.

Such a robot, if it could perform its duties safely and reliably, would be of immense value to any
rescue operation. The robot prototype designed and built for this major qualifying project was
meant to be a starting point for such a robot; due to time and budget constraints building a fully
functional search and rescue robot was not feasible. By designing and building the autonomous
mapping robot many steps were taken towards the design of a fully functional search and rescue

robot.

1.1 Motivation

An important aspect of a successful robotic system is the human-machine interaction. As robots
enter the human environment and come in contact with inexperienced users, they need to be able
to interact with users through a novice friendly interface and the burden of knowledge transfer
from the user to the robot. In terms of human machine Interface, interaction should be done in a
multi-modal fashion— keyboard and mouse are no longer acceptable as the only input modalities.
Humans should be able to communicate with robots using methods as similar as possible to the
concise, rich, and Diverse means they use to communicate with one another.

In terms of human-machine knowledge transfer, an expert in the task who is not necessarily a
robot programmer may need to rely on a robot programming expert to convey his knowledge to
the system.

Humans should be able to transfer knowledge without relying on a robot programming expert.
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1.2 Goals

The goal of this work is to create a Programming by Interaction (PBI) system that enables users to
control and program a robot interactively through an intuitive interface. We also verify the
system‘s advantage in programming experience and performance through empirical user study on
mobile vacuum cleaning robot. The system with intention awareness models recognizes and
makes suggestions based on the user‘s intention. The user‘s intent is captured in the form of a
sequential robot Program and the flexibility given to the user through real-time interaction and the

framework‘s intuitive interface allows the captured intent to be closer to what the user really
expects from the robot. Sequential robot programs are converted to statistical models.
So that partial inputs from the user can be used by the system in future to recognize the robot

program that the user may want to execute. The suggestion is made through a graphical display,

where a simulated robot executes the task so that the user can choose to accept or decline the offer.



CHAPTER 2

Related works

2.1 Literature review:

We studied about different types robots and different type‘s project which are related with arduino
base robot.Then we select to build this type of robot.Ultrasonic sensor is used for obstacle avoiding
and with Arduino UNO, which can be programmed which makes it completely automatic. The front
rolling brush is attached in the front section, helps in collecting the dust .The front section can be
fixed with a vacuum cleaning system to collect the dust gathered by the rolling brush The back
portion of the robot is attached with a swabbing cloth for swabbing of the floor a small water tank
can be provided to keep the cloth moist. Swabbing cloth is provided with magnet for easy

attachment and detachment.

It is provided with a reachable battery and four gear motors which help in the movement of the
robot. We're learning to love our machines—or, at least, that's how it's starting to seem! Things
have come an awfully long way since the early 19th-century, when an infamous band of textile
workers called the Luddites smashed up the machines they feared were stealing their jobs. What
would they make of life 200 years later, when most products come from highly automated factories
and many of us are now inviting robots into our homes? It's still very early days for household
robots, but a popular little machine called the automatic room mapping and dust cleaner robot could
be the shape of things to come. It's a small, computerized cleaner that nips round their house
automatically brushing and vacuuming the carpets, rugs, and floors. This is a step by step guide to

build an automatic cleaner robot.

We use the Arduino microcontroller to control this robot. We have two different programs for this
robot. The first enables the robot to drive around and avoid anything that gets in its way. This

avoiding obstacles program uses two ultrasonic sensors.

An important challenge in small-scale robotics is finding a robot's position when only limited
sensor information is available. There are many technologies available for robot localization,

Including GPS, active/passive beacons, odometer (dead reckoning), sonar, etc. In each approach,

10



however, improvements in accuracy come at the cost of expensive hardware and additional
processing power. For the robotics enthusiast, the key to successful localization is getting the best
results out of cheap and widely available sensors. This paper presents a method for localization and
map construction of a mobile robot using data from a sonar-based range sensor. No prior knowledge

of the environment is assumed.

2.2 Different Types of sensor

Ultra sound sensor: Ultrasonic Sensor The principle of ultrasonic sensor is similar to sonar or radar
in which interpretation of echoes from radio or sound waves to evaluate the attributes of a target by
generating the high-frequency-sound waves (around 40kHz). The transducer used for converting
energy into ultrasound or sound waves with ranges above human hearing range is called an
ultrasonic transducer. Application of Ultrasonic Sensor The distance measurement at inaccessible

areas is a typical application of ultrasonic sensors.

The circuit consists of an ultrasonic module, LCD display and microcontroller. The ultrasonic
module is interfaced with the microcontroller and this ultrasonic transducer consists of a transmitter
and receiver. Ultrasonic Sensor Application by Edgefxkits.com.The waves transmitted by
transducer are received back again after the waves are reflected back from the object. The velocity
of sound is considered for calculating time taken for sending and receiving waves.

The distance is calculated by executing a program on microcontroller, and then it is displayed on
the LCD display. There are many sensors such as humidity sensor, gas sensor, pressure sensor,
water sensor, leaf sensor, rain sensor, tilt sensor, rate sensor and so on, which are being used in
many applications.

If they are interested to know in detail about sensors, then they can approach us for any technical
help regarding different types of sensors and their applications and also to develop sensor based

projects by posting their queries in comments section below.

[33]

Figure 2.1: Ultra sound sensor
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Light sensor: The Light Sensor approximates the human eye in spectral response. Use it for
inverse square law experiments or for studying polarizer‘s, reflectivity, or solar energy. They look
at the light sensing process—incoming light converted to electrical signals sent to the brain—
through the human eye anatomy as well as human-made electrical light sensors. A Light Sensor is
something that a robot can use to detect the current ambient light level - i.e. how bright/dark it is.
There are a range of different types of light sensors, including 'Photo resistors', 'Photodiodes’, and

'Phototransistors'

Figure 2.2: Light sensor(*?

Proximity sensor: A proximity sensor is a sensor able to detect the presence of nearby objects
without any physical contact. A proximity sensor often emits an electromagnetic field or a beam of
electromagnetic radiation (infrared, for instance). Proximity Sensors are available in models using

high-frequency oscillation to detect ferrous and non-ferrous metal objects and in capacitive models
to detect non-metal objects. Models are available with environment resistance, heat resistance,

resistance to chemicals, and resistance to water.

12



[38]

Figure 2.3: Proximity sensor

2.3 Different types of robots.

2.3.1 Autonomous Room Mapping Robot:

An autonomous robot is a robot that performs behaviors or tasks with a high degree of autonomy,
which is particularly desirable in fields such as spaceflight, household maintenance (such as
cleaning), waste water treatment and delivering goods and services.

Some modern factory robots are "autonomous" within the strict confines of their direct
environment. It may not be that every degree of freedom exists in their surrounding environment,
but the factory robot's workplace is challenging and can often contain chaotic, unpredicted
variables. The exact orientation and position of the next object of work and (in the more advanced
factories) even the type of object and the required task must be determined. This can vary

unpredictably (at least from the robot's point of view).

One important area of robotics research is to enable the robot to cope with its environment

whether this is on land, underwater, in the air, underground, or in space.

A fully autonomous robot can:

1. Gain information about the environment
2. Work for an extended period without human intervention
13
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3. Move either all or part of itself throughout its operating environment without human
assistance

4. Avoid situations that are harmful to people, property, or itself unless those are part of its
design specifications.

An autonomous robot may also learn or gain new knowledge like adjusting for new methods of
accomplishing its tasks or adapting to changing surroundings. Like other machines, autonomous
robots still require regular maintenance. The internal representation of the map can be "metric” or

"topological™:

[45]

Figure 2.4: An autonomous robot

Representation robot:

The metric framework is the most common for humans and considers a two-dimensional space in
which it places the objects. The objects are placed with precise coordinates. This representation is
very useful, but is sensitive to noise and it is difficult to calculate the distances precisely.

The topological framework only considers places and relations between them. Often, the distances
between places are stored. The map is the graph, in which the nodes corresponds to places and

arcs correspond to the paths.
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Many techniques use probabilistic representations of the map, in order to handle uncertainty.
There are three main methods of map representations, i.e., free space maps, object maps, and
composite maps. These employ the notion of a grid, but permit the resolution of the grid to vary so

that it can become finer where more accuracy is needed and coarser where the map is uniform.

Map learning:

Map learning cannot be separated from the localization process, and a difficulty arises when errors
in localization are incorporated into the map. This problem is commonly referred to as
simultaneous localization and mapping. An important additional problem is to determine whether
the robot is in a part of environment already stored or never visited. One way to solve this
problem is by using electric beacons, Near field communication (NFC), Wi-Fi, Visible light

communication (VLC) and Li- Fi and Bluetooth.

Path planning:

Path planning is an important issue as it allows a robot to get from point A to point B. Path
planning algorithms are measured by their computational complexity. The feasibility of real-time
motion planning is dependent on the accuracy of the map (or floor plan), on robot localization and
on the number of obstacles. Topologically, the problem of path planning is related to the shortest

path problem of finding a route between two nodes in a graph.

Top Challenges in Robotics
o Better Batteries
e Better Actuators
e Industry-Grade Robotics Software

e Software In-Work.
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Industry-Grade Robotics Software

The biggest challenge expressed by experts is the one | am most excited about. Roboticists need
powerful software to design their autonomous systems. Software that is not unique to a particular
robot or task, is open to incorporate existing algorithms, and is powerful enough to solve problems

we do not even understand today.

This is the challenge | see being met the soonest. With Their input and some of the leading
software developers in the world, we can empower designers with a powerful software package
within a year‘s time. The most opposing force is mind-set. Robotics in Paris, France was recently

quoted on Slashdot.org saying, -It‘s easier to build everything from the ground up right now.|

This is the mind-set of the last decade in robotics and the reason we have not seen massive
adoption or progress in our field. Instead, we need to see some convergence of technology and
enable the innovation we need to make the kind of impact that robots can. Thus, robotics needs
standard, industry-grade software.

Software intuitively

Many roboticists have a mechanical engineering or electrical engineering background and do not
have the time or money to learn the ins and outs of the most useful computer science techniques,
but they do need to be able to take advantage of those techniques. Programming capabilities like
object-oriented programming and recursion can be critical in a robust autonomous system, so they

need a language that is capable of these features.

The software must integrate well with 1/O

Every autonomous system must sense or perceive the world around it as well as act on that
environment. Sensing requires input from external sensors such as laser rangefinders and sonar
sensors, and acting requires the ability to drive many different types of actuators. In addition to
sensing and acting, their software tool must easily implement their application on real

hardware, meaning it must
16



have strong integration with real-time OSs, real-time embedded hardware, and even FPGA-based

devices.

Many software packages, including Microsoft Robotics Studio, on the market lack this capability
— they can simulate and run on their development machines but fail to provide any kind of real-

time implementation capability.

The software must be open and flexible

Many autonomous algorithms have already been optimized and are ready to be reused, and the
building blocks of others have been created but need to be built on for greater capabilities. For
example, many Many roboticists wish to start from those basic algorithms and add their own
innovation or latest research on top of those building blocks to create a new type of search or

integrate them with a new mapping technique to aid robot rescue or medical assist applications.

The closed nature of many robotics software packages today frustrates design engineers. Packages
like iRobot aware work fine for their robots but cannot be used for customization or for their own

unique robotic design.

The software must be interactive

Innovative robot design is not straightforward and requires many iterations and prototypes. The
software used to design the robot should be able to accommodate and enhance this experience.
Roboticists need a software package that they can easily debug, that integrates intuitive
simulation, and can quickly be implemented on a real-time hardware system to test the algorithms
and design with real- world 1/0. That same code then needs to easily port back to the design

environment for additional optimizations or software tweaks.

2.3.2 Cleaning vacuum i7 robot:
The 17 vacuum robot was designed to clean homes and is good for a wooden and ceramic floor
plus short-haired carpet (Pursonic i7 vacuum cleaner robot, 2012). The i7 robot is an advanced

cleaning robot with various intelligent cleaning modes. It has wall-detection sensors and anti-fall
17



sensors to detect edges. Theses sensors make the cleaning robot smarter. The cleaning time can be

scheduled to be done daily, weekly or on a specific date. The i7 cleaning robot can be controlled

remotely using a remote control.

The i7 vacuum-cleaning robot is designed to work on a flat surface, so some change required to

the structure and software to enable it to work on PV panels at different

Figure 2.5:i7 robot*!

i7 Vacuum Robotic Multifunction:

Boasting a series of automated functions, this time-saving robotic vacuum can be programmed to

clean and sterilize floors while they‘re at work or running errands.

18

4-in-1 functionality to sweep, mop, sterilize, and vacuum floors
Recommended for tiles, thin carpet, linoleum, and wood flooring
Programmable cleaning schedule

Remote control for hands-free operation

HEPA filter system traps dust, allergens, and tiny particulates
Advanced cleaning head picks up pet hair, dirt and dust

UV bulb technology kills bacteria

Virtual wall set system sets invisible boundaries

Touch screen controls

Alarm indicates when dust compartment is full

CIiff sensor avoids stairs and drop-offs

Soft bumper to protect the unit and furniture



e 90-minute battery life

e Automatically recharges after cleaning or when battery is low
e Product Dimensions: 15.751 x 18.75I x 5.75I

e Product Weight: 8lb.

e Included accessories: charging home base, remote control, virtual wall, extra side brush,

HEPA filter, mop, cleaning tool, and charging adapted

2.3.3 iRobot Roomba 980 Vacuum Cleaning

Robot: Introduction

Service robots have been getting popular in recent years, these robots operate semi- or fully
autonomously to perform services useful to the well-being of humans and equipment. Service
robots of different varieties including medical robots, underwater robots, surveillance robots,
demolition robots and other types of robots those carry out a multitude of jobs. They can clean
floors, mow lawns and guard homes and will also assist old and handicapped people, do some
surgeries, inspect pipes and sites that are hazardous to people, fight fires and defuse bombs. This
paper will focus on a service robot of everyday tools for mankind, a cleaning robot in home.

Residential robots are quite different from industrial robots because of nonprofessional users. It
needs high reliability and safety. Autonomous cleaning robots are getting more popular for aging
populations, it is necessary to design _really autonomous‘ robots, easy to stagnate or stasis are not
allowable, especially for old users. _A robot in every home?‘ reported by Science News in 2004,
_In the home, by the end of 2003, about 610,000 autonomous vacuum cleaners and lawn-mowers
were in operation, the report says. Between 2004 and 2007, more than 4 million new units could
be added, it adds.* New market induced companies devoted to new and functional robots design to
get higher market share. In technical development of varieties and advanced robots, one can find
hundreds of papers.

19



Many advanced robots have powerful functions but still a big gap to commercialization. This
paper analyzed commercial robots by US granted patents, companies always file patent in advance
for their commercial products, granted patents are also a powerful weapon to stop competitors
enter their claim technology under its exclusive rights. Patent analysis for special technical topics
can evaluate patent and find the occupied technology, it is helpful and necessary before R&D.

Macroscopic of analysis including patent bibliometrics, patent citation analysis, to determine
strength and value of a patent based on patent numbers. Patent maps are useful tools to visualize
the distribution of patents, monitor the trend of technological changes, infer the strategy of patent

portfolios, and compare competitors by statistical charts or diagrams.

Macroscopic point of view may misconstrue patent value because lack of case review. The value
of Intangible assets should not be estimated only on its numbers. On the contrary, microscopic
point of view can construct technical value for each patent but need labors and time. Both points
of view applied in this paper, to make a technical strength and development analysis of modern
residential cleaning robots by US granted patents. An overview of patent numbers and main
patentees in cleaning robots first, then the attained US granted patents were classified and formed
a bubble map, two major patentees, iRobot and Samsung, were competitors and analysis under

macro and micro point of view.

History of iRobot:

iRobot was founded in 1990 by Rodney Brooks, Colin Angle and Helen Greiner after working in
MIT's Artificial Intelligence Lab. In 1998 the company received a DARPA research contract
which led to the development of the PackBot. In September 2002, iRobot unveiled its home robots

flagship, the Roomba, which sold a million units by 2004.

iRobot began being traded on the NASDAQ in November 2005, under ticker symbol IRBT. On
September 17, 2012, iRobot announced that it had acquired Evolution Robotics,

manufacturer of automated floor mapped Mint. iRobot has sold more than 8 million home robots,
20



and has deployed more than 5,000 defense & security robots, as of 2012.

In addition to deployment as bomb-disposal units with the US military in Iraq and Afghanistan,
PackBots have been used to gather data in dangerous conditions at the Fukushima Daiichi nuclear
disaster site, and an IRobot Sea glider detected underwater pools of oil after the Deep-water

Horizon oil spill.

iRobot has been criticized for attempting unregulated use of 6240-6740 MHz band, and asking for
an FCC exemption to do so. This band is for use for the lawn mowing robot without needing to
use an electronic fence as a boundary marker, instead by using radio beacons. The band falls into a
band reserved for radio astronomy use, thus interfering with radio telescope observations of

methanol's 6.66852 GHz emissions.

Operation:

Long exposure photo showing path taken by a Roomba as it cleans .All Roomba models can be
operated by manually carrying them to the room to be cleaned and pressing a button. Later models
introduced several new operating modes. Clean mode is the normal cleaning program, starting in a
spiral and then following a wall, until the room is determined to be clean. Spot mode cleans a
small area using an outward-then-inward spiral. Max mode runs the standard cleaning algorithm
until the battery is depleted. Dock mode, introduced with the third generation, instructs the robot

to seek a charging base for recharging. The availability of the modes varies by model.

The robot's bumper allows it to sense when it has bumped into an obstacle, after which it will
reverse or change paths. The third- and fourth-generations, which move faster than previous
models, have additional forward-looking infrared sensors to detect obstacles. These slow down
when nearing obstacles to reduce its force of impact. This technology is also able to distinguish
between soft and solid barriers. After enough time cleaning, the Roomba will either search for and
dock with the base, or stop where it is.
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The cleaning time depends on room size and, for models equipped with dirt sensors, volume of
dirt. First-generation models must be told the room size, while second- and third-generation
models estimate room size by measuring the longest straight-line run they can perform without
bumping into an object. When finished cleaning, or when the battery is nearly depleted, a second-
or third-generation Roomba will try to return to a base if one is detected. A second-generation
Roomba may also be used with a scheduler accessory, allowing cleaning to start at the time of day
and on days of the week that the owner desires. Most 500 Series robots support scheduling
through buttons on the unit itself, and higher-end models allow the use of a remote to program
schedules.

Unlike the Electrolux Trilobite vacuuming robots, Roombas do not map out the rooms they are
cleaning. Instead, iRobot developed a technology called adapt Responsive Cleaning Technology.
Roombas rely on a few simple algorithms such as spiral cleaning (spiraling), room crossing, wall-
following and random walk angle-changing after bumping into an object or wall. This design is
based on MIT researcher and iRobot CTO Rodney Brooks® philosophy that robots should be like
insects, equipped with simple control mechanisms tuned to their environments. The result is that
although Roombas are effective at cleaning rooms, they take several times longer to do the job
than a person would. The Roomba may cover some areas many times and other areas only once or

twice. The virtual wall accessories project beams which the Roomba will not cross.

The Roomba is not designed for deep-pile carpet. Also, the first- and second-generation Roombas
can get stuck on rug tassels and electrical cords. The third-generation is able to reverse its brushes
to escape entangled cords and tassels. Additionally, all models are designed to be low enough to
go under a bed or most other items of furniture. If at any time the unit senses that it has become
stuck, no longer senses the floor beneath it, or it decides that it has worked its way into a narrow
area from which it is unable to escape, it stops and sounds an error to help someone find it. Early
models use only flashing lights to indicate specific problems, while later models use a voice to

announce a problem and a suggested solution.
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Top 5 Advantages of the iRobot Roomba:

Hands-Free Cleaning

The iRobot Roomba offers hands-free cleaning for any floor surface. It cleans carpets of a variety
of thickness levels, as well as smooth floor surfaces, such as hardwood, tile, or linoleum.
Consumers do not need to be present while the Roomba is in operation. The smart sensors on the
machine and the settings the user chooses keep the iRobot vacuum performing the task without
malfunction. The iRobot Roomba offers a variety of cleaning modes and behaviors.

Not all iRobot Roomba series offer the dirt detection or scheduling mode. The cleaning behaviors,

such as crisscrossing and spiraling are common to all models.

Smart Sensors

The Smart sensors on the iRobot Roomba tell the vacuum when to change directions to avoid
obstacles, as well as where to go to locate dirt and debris. Consumers with stairs or drop offs in
their home do not need to worry about the machine falling and becoming damaged. The sensors
slow the machine down using a forward-facing infrared lighting technology to detect change in the

floor's surface. These sensors keep the iRobot Roomba from bumping into furniture or walls.

Reduces Allergens

The iRobot Roomba has tangle-free Aero Force extractors to break down dirt and debris from any
floor surface. The vacuum uses an airflow accelerator to help seal the machine close to the surface
of the floor for a more effective cleaning. Spinning side brushes push debris into the path of the
extractors for optimal cleaning. The allergens are trapped inside the HEPA filter, removing them
from the air that the consumer breathes. The later model iRobot Roomba offers up to 50 percent
more dust and debris removal than earlier models. The 700 series and later provide the most

efficient cleaning power to help reduce allergens in the consumer's home.
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Scheduled Cleaning

The Roomba settings are customizable, so a user can schedule cleaning times for each day of the
week. Consumers set the iRobot Roomba to clean specific areas and use the infrared virtual walls
to block off entrance to off-limit rooms. The vacuum cleans the surface it is set for and, when it is
finished, it returns to the docking station or stops where it is when the job is complete. Using the

scheduling feature, users never need to encounter the vacuum until it needs emptying.

Maintenance Free

The iRobot Roomba requires little to no maintenance from the consumer. The vacuum places itself
back into the charging station when cleaning is complete and, with the scheduled cleaning
settings, it starts tasks automatically. The HEPA filter and dustbin have indicators to let the user
know when they need attention. The brushless extractors prevent jams from larger pieces of debris
or hair and allow the user to enjoy hassle-free vacuuming without regular maintenance. iRobot

Roomba 980 Vacuum Cleaning Robot

If there are looking for a robot vacuum cleaner that offers the latest features and remarkable
performance, it‘s hard to overlook the iRobot Roomba 980. Not only is it the latest addition to the
solid iRobot Roomba lineup, but this latest model also boasts features that can‘t be found on any
existing Roomba. Examples include a handy iRobot HOME app that lets they clean and schedule
cleaning preferences from their smartphone and an adapt 2.0 Navigation with Visual Localization
system that expertly guides the Roomba around the room.

The robot vacuum cleaner is outfitted with a powerful Aero Force Cleaning System with Carpet

Boost technology for exceptional cleaning power, particularly on carpets and rugs.

figure 2.6:Roomba 980 robot!?3!
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Advantages:

Powerful Carpet Boost
technology Precise navigation
system

Can be controlled with a smartphone.

Disadvantages:

Expensive
Battery life could be better
Occasionally disconnects when using the app.

Battery life:

Battery reliability is a frequently mentioned complaint on customer review websites. Battery
replacements from iRobot cost a significant fraction of the purchase price of a new Roomba, though
compatible third-party batteries are available at a lower price. The iRobot customer support website

offers advice on maximizing battery performance and longevity.

2.4 General Objective

Benefits of a Robot Vacuum Cleaner

Gives someone More Time By Vacuuming For somepeople - This is the best benefit of a robot
vacuum as they don‘t have to constantly invest their time and effort performing the menial chore of
vacuuming Their home. By having a robot vacuum it allows they to use that time to do what they
want to do. Although this may not initially seem like much, added up over the space of a year or

two, just imagine what they would do with all the time they won't be using vacuuming.
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Boundaries Can Be Set By Using the Virtual Wall- If They don‘t want the robot to enter a
particular area, just set up the virtual wall, which is a separate piece on the floor which will keep
the robot from entering a nominated area. This benefits them when they have children, pets, guests

etc. in that room or for simply any other reason they may not want it to enter.

Works on All Types of Floors— Regardless of what floors they have the robot can clean each
different type equally. Whether they have timer, tiles, and carpet or floor boards in Their homes.
So they don't have to worry about the robot not entering a section of their home because of the

particular floor. The robot vacuum is able to work equally on a variety of floors in their home.

Self-Recharge Battery: Once the robot is finished cleaning or low on battery it will automatically
take itself back to the docking station to charge. This means they won‘t need to worry about the
battery level or have to check when it needs to be recharged. One of the major issues and
complaints with robot vacuum cleaner have been their battery life and that they don't last very
long. Most batteries on robot vacuum cleaners, even the more expensive models and brand names
last between 300 to 500 cycles. This does not last long, especially if they intend to have the robot
running several times a week. The better investment for They is to buy a robot which has the new
Lithium-ion battery. This is the most rechargeable and energetic batteries available. A robot

vacuum container with a lithium-ion battery can last up to 800 cycles.

Detects All Levels of Dirt with Sensors: Whether there are small or large spots of dirt the robot
will access this and spend more time in a needed area. From dust, hair, nails, paper the robot is

able to suck these items up so they don't need to more things.

Compact & Easy to Store: They won't have to worry about it taking up some much needed space
in the closet. It's slim and sleek design allows the robot to be tucked away under the bed or couch

or left on its own in the corner ready for its next set cleaning time.

Allows Them to Clean Their Home Quicker: While it cleans the floor they can get started on
other areas of their home. Having the robot work with They this way means They can clean Their

home
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much quicker and easier, gaining more time in Their day and getting to other things They need or

want to do much sooner.

Robots With A UV Sterilization Light Kill Bacteria & Dust Mites : By not often vacuuming
dust mites begin to linger around Their home which can trigger respiratory symptoms and asthma.
The robot contains a built in UV — sterilization lamp which means as it vacuums it also uses
ultraviolet radiation to kill 96 % of microorganisms, molds, dust mites and fungus which live and
breed on their floors by damaging their DNA. This will reduce the risk of respiratory problems
and asthma. This means the more the robot is used and the UV light hits their floors it will kill the

bacteria and give them a cleaner and more sterile home for They and Their family.

They Won’t Have To Feel Guilty About Not Having Time To Vacuum Their self : While
They worry about everything and everyone else, cleaning Their floors tend to be the last thing on
Their mind. While not having the time to complete this menial task the amount of dirt and dust
continues to build and become more visible as the week goes on. Then when friends pop over un-
announced, they probably just wish that they had some more time to clean up the floors.

Rather than have the dirt and dust build up because they are too busy to vacuum, set the robot to

clean while they‘re away and always return home to clean floors.

Assists People With Mobility Issues: As they know it is a lot harder and inconvenient for people
who suffer with mobility issues as a result of injury and old age to move around, especially
constantly vacuum their floors. As a result dirt and dust builds up which can result in respiratory
issues. By not being constantly able to clean because of their pain, they also feel the guilt and
embarrassment of having unclean floors. By setting up the robot to clean on specific times of the
week they will no longer have to experience any pain or discomfort only because they want to
vacuum their home. They also have the remote which means they can control the robot from the

comfort of their fingertips.

In the past robots have been used to assist us is a variety of practical ways including building cars,
high risk situations such as bomb detonators used by the protective forces etc... All the way down
to everyday menial and repetitive jobs such as the dishwasher, microwave, washing machine and

now the vacuum cleaner. Robots are and will continue to be all around us.
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Main advantages:

Efficiency Perhaps, efficiency is the main advantage of this technical wonders. After all, even if
they like to do cleaning, | do not think they want to vacuum daily, or even many times on day.
Soon vacuuming will become an unpleasant and tedious chore. Why wouldn‘t they want an
electric -maidl to do that for They? Why wouldn‘t they want replace their regular vacuum with
this technique gem, especially that has the same functions? A number of add-ons such as filters

and brushes are included so shouldn‘t be worried with not being able to vacuum a specific room.

Independence_In fact, even its name indicates that a robotic vacuum cleaner works independently,
doing all the work automatically and by itself. There is no need for They to do something. Just
turn this thing on and let it do its job. It is easy and simple to handle it. Once it is turned on, it will
go everywhere through their room, forwards, sideways and backwards. This self-moving vacuum
cleaner will not stop until every room in their home is properly vacuumed and cleaned. However,
one remark should be made their electric -maidl begins to slow down its work when the battery
runs out and it will head to the compartment station. It will do the same in the moment it has

finished all the vacuuming.

Accessibility Proceeding under Their furniture and appliances is easy and simple due to its flat
and circular shape. Because of its smart design the robotic vacuum cleaner can go around and
under their stuff pretty easy. In fact, it can go almost anywhere, vacuuming whatever is in front of
it. When is in contact with different objects, it has bumpers to keep Their walls and furnishing

safe, not to mention that in this way, it can shield itself.

Detection This device is equipped with several detectors that can detect dust and dirt, which are
then vacuum. May seems unbelievable but this smart vacuum is able to locate the filthiest area of
their room and will not stop working until the dirt it is removed. More than that, this device is so

smart that keep away from stairs.

Price The price of a advanced technological machine seems to be a little expensive. However, it‘s
worth the price and they will be happy with their choice. The price starts from $250 up to almost

$450, but for this price they will get a top vacuum that will meet their requirements.
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Purpose of uses

Cleaning takes care of itself:

Ever find them self-rushing about to vacuum the floor before someone comes over to visit? Do
someone get tired of coming home to dirty floors, knowing that they have to vacuum? A robot
vacuum cleaner takes care of all of these things for them. Now, they can come home to perfectly

clean floors and stop fretting when company is coming.

Fewer allergies:

Because of the fact that a robot vacuum cleans their home constantly and some even come with
HEPA filters, their family will breathe cleaner air. Imagine comfortable breathing, less coughing,
and less irritation. All of these things are achievable with the help of an automatic vacuum.(
High-efficiency particulate arrestance (HEPA) also sometimes called high-efficiency particulate
arresting or high- efficiency particulate air, is a type of air filter. Filters meeting the HEPA
standard have many applications, including use in medical facilities, automobiles, aircraft and
homes. The filter must satisfy certain standards of efficiency such as those set by the United
States Department of Energy (DOE). To qualify as HEPA by US government standards, an air

filter must remove)

Less time cleaning and more time with family and friends:

Face it vacuuming is a menial task and no one truly enjoys it. When they can automate the
process, they have more time to spend with their friends and family, whether their family

includes their parents, their children, their husband, their pets — or even a combination of these.

Sit back and relax:

Even if someone lives alone, they still do not want to come home to a dusty, dirty floor. Whether
they work 70 hours a week and there are just too tired to clean or their work part-time but choose
to wrap them self-up in their hobbies, there is one less task for they to worry about, and all they

have to do is relax and enjoy it.
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A comfortable home that is the apple of their neighbor’s eyes:

Not only will someone notice that their home is cleaner when they invest in a robotic vacuum
cleaner, but their friends and family will notice too. They will want to know how they keep
everything so clean and they will be able to tell them that it is all thanks to their new automatic

vacuum.

Bring the future home:

With so many people standing in line for days on end to purchase the latest Smartphone or video
game console, others have discovered a brand new type of technology in the robot vacuum
cleaner. What's more, they will not have to wait in line for days to get one. When it arrives, they

will marvel in the technology and feel as if they have just leaped into the future.

Limitation of cleaning robot:

The problem of robotic mapping is that of acquiring a spatial model of a robot‘s environment.
Maps are commonly used for robot navigation (e.g., localization).The sensors are subject to

errors, often referred to as measurement noise.

More importantly, most robot sensors are subject to strict range limitations. For example, light
and sound cannot penetrate walls. These range limitations makes it necessary for a robot to

navigate through its environment when building a map.

Robot motion is also subject to errors, and the controls alone are therefore insufficient to
determine a robot‘s pose (location and orientation) relative to its environment. A key challenge

in robotic mapping arises from the nature of the measurement noise.

30



Modeling problems, such as robotic mapping, are usually relatively easy to solve if the noise in
different measurements is statistically independent. If this were the case, a robot could simply take

more and more measurements to cancel out the effects of the noise.

In robotic mapping, the measurement errors are statistically dependent. This is because errors in

control accumulate over time, and they affect the way future sensor measurements are interpreted.
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CHAPTER 3

System analysis

3.1. An overview of fundamental cleaning robots and main Patentees

a fundamental structure of a modern autonomous floor-cleaning robot is complicated, could be
illustrated by US6883201 (Fig3.1), which is also a successful product of commercialization today
by iRobot Corporation, comprises a housing infrastructure, a motive system with wheels, a
bumper, a self- adjusting cleaning head subsystem with brushes and vacuum assembly, a
removable dust cartridge, a sensor system to detect obstacles, and a control system for

autonomous actions

Figure 3.1 a fundamental structure of autonomous floor-cleaning robot.!*®!

Organized suitable search queries and obtained interested patents, an overview of US granted

patents in cleaning robots since 2000 is shown in Figure 3.1

3.2 Location recognition and navigation

When a cleaning robot moving on the floor in a room, a blanket movement without any area lost is
fundamental requirement. Two major topic for R&D are location recognition and navigation
control.
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3.3 Samsung utilized camera and remote control

Samsung developed a robot capable of recognizing its location and adjusting its direction in
response to an obstacle, by a vision camera and a vision board. A series patent started from
US6496754 (Fig3.2), filed 2001, using a vision camera directed toward the ceiling of a room and a

vision board, the vision camera recognized a base mark on the ceiling.

After one year, this robot using wireless communications an upwardly-looking camera for
photographing an upper image perpendicular to a forward-looking direction of driving the robot
cleaner, optional features include second forwardly directed camera to provide a three dimensional
image sensors for sensing walls or obstacles and transmission of data to external controllers by a

radio antenna.

Figure 3.2: A representative figure of US64967 ¢!

3.4 iRobot utilized barrier signals as a virtual wall

iRobot was interested in barrier signal dividing the cleaning area, different from camera
recognizing location and grip map. The navigation control algorithm can be simplified under the
confinement. The basic patent is US6690134, shown in (Fig 3.2), and filed in 2002, includes a
portable barrier signal transmitter produces a barrier signal in an infrared frequency, a mobile

robot capable of turning in a direction upon detection of the barrier signal.
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In 2003, two beams transmitter in 6781338, if operation of the mobile robot causes the reflected
portion of the first beam to be blocked such that the signal detector fails to detect the reflected
portion of the first beam, the second beam can be detected by the robot detector. US6965209 is
similar to _338, a robot having a propulsion clement, a controller, operable to control the
propulsion elements and responsive to detection the second beam to control the propulsion

elements to move the robot to avoid the second beam.

The transmitter improved further to one or more directed beams, each having a predetermined
emission pattern, the receiving subsystem is configured and operative to process the one or more
detected directed beams under the control of the navigational control algorithm. US7196487 is a
processor recognizes the confinement light beam, the processor controls the motor drive to turn
the robot in a direction decided according to gradient levels of the confinement light at different
orientations of the robot.

3.5 How to develop adjustable brush and air cleaning

Samsung filed a robot cleaner with adjustable brush in 2003 and granted as US7200892, a pivotal
brush prevents overload to a suction motor caused by excessive contact of the brush with the floor
surface to be cleaned. US7108731, filed in 2004, is an air cleaning robot, not a floor cleaning

one.

This patent basically put an air cleaning part disposed in a robot body, for drawing-in air from an
open intake, filtering the atmospheric air, and discharging cleaned air into the atmosphere.
US7749294 is also an air cleaning robot, filed in 2006, Samsung put the cyclone structure, could
overcome the limited suction efficiency of the small-size suction motor, into a robot cleaner, and
separate the dust from the air by centrifugal force. The corner cleaning unit includes a suction
member having a suction arm with a rotatable cylinder, a movable member coupled around the
rotatable cylinder by a torsion spring such that the movable member can move upwards and

downwards together with the suction member.
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3.6 Cleaning modes and obstacle avoidance

Many obstacles are in a room, walls, cliffs, furniture, electric appliances, miscellaneous articles,
etc. The function of obstacle avoidance may decide the value of the whole robot. The dirty
situation in a room is always different in different area. Offering many cleaning mode of a robot

for users is necessary, this demands need complicated sensors and controlling software.

3.7 iRobot constructed complete cleaning mode

IRobot divided cleaning mode into two basic types, one is coverage behaviors, and the other is
escape behaviors, and got a series patents, the first is US6809490 the latest granted is US8463438
on June,11,2013.

Figure 3.3: cleaning modes in US68094901°!

3.8 Problem statement

The goal for an autonomous robot to be able to construct (or use) a map or floor plan and to
localize itself in it. Robotic mapping is that branch of one, which deals with the study and
application of ability to construct map or floor plan by the autonomous robot and to localize itself
in it. It is an intelligent robot because it will itself locate the area which has to be mapped and
navigate itself as per predefined algorithm. As everything is automated in nature, the manual

efforts are reduced for calculating different parameters for mapping.
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CHAPTER 4

Design and methodology

4.1 Mapping:

A map is a symbolic depiction highlighting relationships between elements of some space,
such as objects, region and themes. Robotic mapping is a discipline related to cartography
(Cartography is the study and practice of making maps Combining science , and technique,
cartography builds on the premise that reality can be modeled in ways that communicate spatial
information effectively). The goal for an autonomous robot is to be able to construct (or use) a
map or floor plan and to localize itself in it. Robotic mapping is that branch of one, which deals
with the study and application of ability to construct map or floor plan by the autonomous robot
and to localize itself in it.

4.2 Design a mapping circuit
STEP 1

INPUT | ROOM — STORING ~ MAPPED
MAPPING INFORMATION

INPUT — Room ID, start and map.
MAPPING — Based on the sensor data, the robot will serve the whole

room. STORING - Store the data to its memory location.

STEP 2

INPUT I~ | ROOM CLEANING ACCORDING TO THE
| MAPPING

INPUT — Room ID and start.

CLEANING- Start cleaning according to the mapping.
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4.3 Parts of materials (Table of equipment’s)

SL.NO | Components Unit Quantity | Total Use/purpose
price price(In
BDT)
1 Arduino mega | 1300/= |2 2600/= | Microcontroller.
2560
2 Continuous 900/= 6 5400/= | Controlled
servo motor rotation
3 Booster 300/= 3 900/= Voltage
controller
4 Servo shield(6 | 1450/= |1 1450/= | Servo
channel) controller
5 Sonar 300/= 4 1200/= | Measuring
Distance
6 Lipo battery 3000/= |1 3000/= | Voltage supply
7 Display 500/= 1 500/= For display
8 Body structure | 7000/= 7000/= | Build the body
of robot
9 Stepper motor | 950/= 1 950/= Controlling
high voltage
10 Vacuum cleaner | 2500/= |1 2500/= | For cleaning
the room
10 Miscellaneous | 2000/= 2000/=
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4.5 Designed for various obstacles

iRobot invented two obstacle detection modes by emitter in US6594844. One mode having an
optical emitter which emits a directed beam having a defined field of emission, and a photon
detector having a defined field of view which intersects the field of emission of the emitter at a
finite region, detector can detect obstacles in the field of emission, and redirecting the robot to

avoid obstacles.

The other mode is wall detection system, includes a housing which navigates with respect to a
wall, and a sensor subsystem having a defined relationship with respect to the housing and
aimed at the wall for detecting the presence of the wall, and redirects the robot when the wall
occupies the region. US7155308 filed in 2003 and followed the first mode, comprising at least
two emitters and two photon detectors. US7430455 filed in 2007 and followed the second mode,
a circular robot housing, a drive system housed by the robot housing and configured to

maneuver the robot with respect to a wall.
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CHAPTER 5

System Implementation

5.1 Mapping Design

Map purpose and selection of information

From the very beginning of mapmaking, maps "have been made for some particular purpose or set
of purposesl. The intent of the map should be illustrated in a manner in which the percipient
acknowledges its purpose in a timely fashion. The term percipient refers to the person receiving
information and was coined by Robinson. The principle of figure-ground refers to this notion of
engaging the user by presenting a clear presentation, leaving no confusion concerning the purpose
of the map. This will enhance the user's experience and keep his attention. If the user is unable to

identify what is being demonstrated in a reasonable fashion, the map may be regarded as useless.

Making a meaningful map is the ultimate goal. An interesting map will no doubt engage a reader.
Information richness or a map that is multivariate shows relationships within the map. Showing
several variables allows comparison, which adds to the meaningfulness of the map. This also
generates hypothesis and stimulates ideas and perhaps further research. In order to convey the
message of the map, the creator must design it in a manner which will aid the reader in the overall

understanding of its purpose.

The title of a map may provide the "needed link™ necessary for communicating that message, but

the overall design of the map fosters the manner in which the reader interprets it.

5.2 Map generalization

A good map has to compromise between portraying the items of interest (or themes) in the right
place on the map, and the need to show that item using text or a symbol, which take up space on the
map and might displace some other item of information. The cartographer is thus constantly making
judgments about what to include, what to leave out and what to show in a slightly incorrect place.
This issue assumes more importance as the scale of the map gets smaller (i.e. the map shows a

larger area) because the information shown on the map takes up more space on the ground.
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A good example from the late 1980s was the Ordnance Survey's first digital maps, where the
absolute positions of major roads were sometimes a scale distance of hundreds of meters away
from ground truth, when shown on digital maps at scales of 1:250,000 and 1:625,000, because of

the overriding need to annotate the features.

5.3 Robotics design

Defining the Problem

Identifying the purpose of a construction. Identifying specific requirements. They are confronted
with a situation. Here are two examples: A community wants to construct a robot zoo in which the
"animals™ move their heads, open their mouths and make appropriate sounds when they sense that
someone is coming towards them. Design and build a prototype device which could satisfy this

need.

A local pet shop wishes to sell a range of devices which automatically feed small cage pets (such
as rabbits, gerbils, mice etc.) when their owners are away for the weekend. Design and build a

prototype device which could satisfy this need.

They need to determine what problem they are trying to solve before they attempt to design and
build a robot to solve a problem. Take the time to study a number of different situations and once
they have decided what the situation is and they understand exactly what the problem is then write
a design brief in a log book (this will be Their working document as they work on Their robot.
This log book can be a paper notebook or an electronic document.) This is a short statement
which explains the problem that is to be solved.

Researching and Designing

e Gathering information.
e ldentifying specific details of the design which must be satisfied.
e ldentifying possible and alternative design solutions.

e Planning and designing a appropriate structure which includes drawings.
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Having written a brief, they are now ready to gather information which will help they to produce
a successful design. First they will need to decide what information they require. This will be
different from project to project and will also depend on the amount of information and
knowledge they already have. A useful step will be to use the following chart. Ask the five
questions, then read the column headed Gathering Information. This will help they plan the type

of information they will need to gather.

5.4 Suitable materials for design

The properties of a material will determine its suitability for a design. For our work with robotics
we have chosen to work with Lego. However, there are many different types of materials that
can be and are used in the construction of robots Strength, hardness, toughness, density.

Durability and the aesthetic qualities determined by color, surface texture, pattern, etc.

5.5 Construction methods are appropriate to the design

Construction techniques fall into the categories of

» Cutting and shaping

« Fabrication - the assembly of the parts using screws, bolts, glues, solder, etc
» Molding - by the application of a force on the material

» Casting - using a module to form the shape of a solidifying material

A particular material can only be worked in a limited number of ways. The method of
construction therefore will be determined by the chosen material, the availability of

manufacturing facilities, the skills of the work force and the production costs.

The manufacture, use and disposal of any product will have both beneficial and detrimental
effects upon people, wildlife and the environment. The designer therefore, has an enormous
responsibility  to consider very carefully the potential effects of any new design. This will
include: health and safety factors, noise, smell, pollution, etc.

42



5.6 Programming and Testing Robot

Now it is time to program their robot. This can be achieved in many different ways. Use can
achieve rudimentary intelligence in their robot by using only relays, potentiometers, bump
switches and some discrete components. They can increase complexity in intelligence in their

robot by adding more sensors and continuing in the same vein of using hardwired logic.

By introducing a more sophisticated control element, the microprocessor, they introduce a
significant new tool in solving the robot control problem. For our robots we used the RCX Brick

that was first developed by Fred Martin at MIT as the Programmable Brick.

5.7 Evaluating Their Robot

1. evaluate the design
2. evaluate the planning process

As building and programming work progresses, and the design begins to take shape, someone
will automatically carry out tests on the design. any person can also need to complete systems
tests at various stages of the construction. If any of the tests show that they have failure in a joint,

or that part of their structure is not meeting specifications, then they will have to make

modifications in their plan.

When building and programming is complete, the entire project must be tested to see if it does
the job for which it was designed. An evaluation needs to then be written. This should be a
statement outlining the strengths and weaknesses in their design. It should describe where they

have succeeded and where they have failed to achieve the aims set out in the specifications.
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5.8 iIRobot used emitter to come home

US7332890, filed in 2004, is a method for energy management in a robotic device includes
providing a base station for mating with the robotic device, determining a quantity of energy
stored in an energy storage unit of the robotic device, and performing a predetermined task based

at least in part on the quantity of energy stored.

Also disclosed are systems for emitting avoidance signals to prevent inadvertent contact between
the robot and the base station, and systems for emitting homing signals to allow the robotic

device to accurately dock with the base station.Management can reduce recharging times

Figure5.1: final robot
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CHAPTER 6

Conclusion

Finally we built a robot successfully. Our goal was the robot will map the room and it will start
clean the room automatically. But we can’t do it properly because of some problems.But
according to our performance the robot can run and it can identify any obstacale in the room and

it can move any side according to programming code properly.

Such this type of robot, if it could perform its duties safely and reliably, would be of immense
value to any rescue operation. The robot prototype designed and built for this major qualifying
project was meant to be a starting point for such a robot; due to time and budget constraints
building a fully functional search and rescue robot was not feasible. By designing and building
the autonomous mapping robot many steps were taken towards the design of a fully functional

search and rescue robot.

Our robot performed generally quite well, it found the Pringles tubes quickly and if it didn't quite
get a proper grip on them with the claws it backed away and tried again. We even tested it in
different sized arenas and it still worked reliably, although due to the robot finding the tubes
quite randomly (our "searching" involved moving forwards a little bit, spinning round to see if it
senses a tube and then moving forward again if it doesn't) it worked much more quickly and
impressively in smaller arenas (this also helped with our lack of moving in a straight line!). The
robot did turn out to be incredibly reliable, once we had uploaded the final code it always put the

tubes in the correct end-zones.

Although we ripped apart the robot completely several times and rebuilt it just in an attempt to
solve little problems (most often the driving in a straight line problem) the final structure of the
robot was definitely the most robust design.The object or wall avoidance worked well the
majority of the time and came into use quite a lot as the robot seemed to travel in a much less
straight line than usual on the actual demonstration day. It did struggle though when it found
itself a corner as the IR sensor turns the robot always away from the closest wall. This meant that
in a corner it moved away from the left hand wall towards the right hand wall, it now turns away
from the right hand wall towards the left hand wall, etc. We did have code to recognize when the

robot was in a corner but it seemed to sometimes take a while to get the robot out of the corner.
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APPENDIX - |

Programming code

How to write a program in arduino ?
Example: Write a code to control a LED (on and off after 1 second) ?

Ans: Sketch to Blink Two LED‘s using
Arduino const int LED1 = 12;

const int

LED2 = 13;

void setup()

{
pinMode(LED1,0UTPUT);
pinMode(LED2,0UTPUT);

}

void loop()

{
digitalWrite(LED1,HIGH);
delay(1000);
digitalWrite(LED1,LOW);
digitalWrite(LED2,HIGH);
delay(1000);
digitalWrite(LED2,LOW);

}

The only difference in this sketch is use of 2 pins in output mode. | have used pin number 12 and
13 as output. | have configured them as output inside the setup() function. Inside the loop(), |
have written commands to blink LED‘s alternatively. When LEDI1 is ON, LED2 will be OFF.
After 1 second LED1 will turn OFF and at the same time LED2 will turn ON. Wait another 1
second and they will see LED2 turning OFF and LED1 turning ON. This cycle repeats.
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2.Control LED with Push Button
const int LED = 13;

const int SW = 7;

int val=0;

void setup()

{

pinMode(LED,QUTPUT);

pinMode(SW, INPUT);

}
void loop()
{
val=digitalRead(SW);
if(val==HIGH)
{
digitalWrite(LED,HIGH);
}
else
{
digitalWrite(LED,LOW);
iy

Our main programming code for our room mapping robot:
#define spd 130

#define tspd 200
#define ntspd -100
#define turnDelay 650

#define trigP 2
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#define echoP 3
#define trigL 53
#define echoL 51
#define trigF 33
#define echoF 31
#define trigR 30
#define echoR 32
#define rightMotorPWM 5
#define rightMotorl 6
#define rightMotor2 7
#define leftMotorl 9
#define leftMotor2 8
#define leftMotorPWM 10
#define I 24
#define rr 22
void setup()
{
/19600 is band speed
Serial.begin(9600);
// input outpu mode selct
pinMode(rightMotorPWM, OUTPUT);
pinMode(rightMotorl, OUTPUT);
pinMode(rightMotor2, OUTPUT);
pinMode(leftMotorl, OUTPUT);
pinMode(leftMotor2, OUTPUT);
pinMode(leftMotorPWM, OUTPUT);
pinMode(trigL, OUTPUT);

pinMode(echoL, INPUT);
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pinMode(trigF, OUTPUT);
pinMode(echoF, INPUT);
pinMode(trigP, OUTPUT);
pinMode(echoP, INPUT);
/I front and back
pinMode(12, OUTPUT);
pinMode(11, OUTPUT);
/I right LED
pinMode(rr, OUTPUT);
/I left LED
pinMode(ll, OUTPUT);
}
/l all zero means there is an obstackle infront of it
shortls=0,rs=0,fs=0, bs=0;
/1 this function runs continuously
void loop()
{
/I motor(speed,-speed);
11 sF();
/ISerial.printin(sR());
base();
/Idelay(100);
¥
void base() {
/I checks the obstacle on different sides
check();
/[ front is open

if (fs==1)
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{

/I led front
digitalWrite(11, 1);
motor(spd, spd);

digitalWrite(11, 0);

/I front left right is blocked
else if (fs==0 && Is==0 && rs == 0)
{

digitalWrite(12, 1);

digitalWrite(11, 1);

backward();

/I forward();
digitalWrite(11, 0);
digitalWrite(12, 0);

}

/l front and left block

elseif (fs==0&& Is==10) {
rightUTurn();

}
/[ front and right block

else if (fs==0 && rs==0) {
leftUTurn();

}

else if(fs == 0)

{
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uTurn();

}
else if( rs ==0)
{
motor(0, 250);
¥
else if( 1Is==0)
{
motor(250, 0);
}
}
1! check @ which obstacle is

void check()

{
int Idist = sL();
int fdist = sF();

int rdist = sR();

if (Idist < 10)Is =0;
elsels =1,

if ( rdist < 10)rs = 0;
elsers =1,

if (fdist < 10)fs = 0;
else fs =1,

/I Serial.print(ls);

/I Serial.print(fs);
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/I Serial.printin(rs);

}
I

void leftTurn()
{

digitalwrite(ll, 1);
motor(ntspd, tspd);
delay(turnDelay);

digitalwrite(ll, 0);

}

void rightTurn()
{
digitalWrite(rr, 1);
motor(tspd, ntspd);
delay(turnDelay);
digitalWrite(rr, 0);
}
int dir = 0;
void uTurn()
{
if (dir==1)
{
leftTurn();
leftTurn();
dir =0;

¥
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else
{
rightTurn();
rightTurn();
dir=1;
¥
}
void leftUTurn()
{
leftTurn();
leftTurn();

}

void rightUTurn()
{
rightTurn();
rightTurn();

}

void forward()

{
motor(spd, spd);
delay(100);

¥

void backward()

{
motor((-1)*spd, (-1)*spd);
delay(100);

¥
I SONARLeft
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int sL()
{
Serial.print("left ");
return sonar(trigL, echol);

}
I SONARRight

intsR() {
long duration;
long distance;
digitalWrite(trigP, LOW); // Added this line
delayMicroseconds(2); // Added this line
digitalWrite(trigP, HIGH);
/I delayMicroseconds(1000); - Removed this line
delayMicroseconds(10); // Added this line
digitalWrite(trigP, LOW);
duration = pulseln(echoP, HIGH);

distance = (duration / 2) / 29.1;

if (distance >= 250 || distance <=0) {
Serial.printIn("Out of range");

¥

else {
Serial.print("right );
Serial.print(distance);
Serial.printIn(" cm ™);

}

if (distance == 0) return 100;

return distance;
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}

I

int sF()
{ Serial.print("front ");

return sonar(trigF, echoF);

}

1

int sonar(int trigPin, int echoPin)

{
int duration;
int distance;
digitalWrite(trigPin, LOW); // Added this line
delayMicroseconds(2); // Added this line
digitalWrite(trigPin, HIGH);
/I delayMicroseconds(1000); - Removed this line
delayMicroseconds(10); // Added this line
digitalWrite(trigPin, LOW);
duration = pulseln(echoPin, HIGH);

distance = (duration / 2) / 29.1;

if (distance >= 250 || distance <=0) {
Serial.printIn("Out of range");

¥

else {
Serial.print(distance);
Serial.print(" cm ");

¥

if (distance == 0) return 100;
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return distance
// BOTH MOTOR
void motor(int LS, int RS)
{
if (LS >=0)motorL( 1,0, LS);  //forward

else motorL( 0, 1, (-1)*LS); /Ibackward

if (RS >=0)motorR( 1, 0, RS); [[forward
else motorR( 0, 1, (-1)*RS); //backward

}

M i right motor

void motorR(int ina, int inb, int mspeed)

{
digitalWrite(rightMotorl, ina);
digitalWrite(rightMotor2, inb);
analogWrite(rightMotorPWM, mspeed);

}

M ] T Left motor
void motorL(int ina, int inb, int mspeed)
{
digitalWrite(leftMotorl, ina);
digitalWrite(leftMotor2, inb);

analogWrite(leftMotorPWM, mspeed);

¥
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