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ABSTRACT

Lawn mowing is considered to be ane of the most boring and tiring routine household tasks, but
mowing the lawn is a very important part of proper vard care and properly cut lawn is something
that is very pleasant to behald which gives the lawn an orderly appearance. The fawn mowing
Job with motor powered lawnmower is an ncotivenience; it becomes difficult for the disabled
and elderly people to cut the grass with the help of these mowers, Because of the continging
merease in the fuel cost and its harmful environmental impacts, that increase the necessity of
using solar energy as a source of power to drive a grass cutting machine. Our project aims at
easing the lawn Mowing experience. We aim on making a lawn mower which is environmental
friendly as well as user friendly and automatic, A solar lawn mower designed and fabricated
based on the principle of mowing, The solat lawn mower depends on direct current motor, solar
panel, rechargeable battery, stainless-stec cutting blade, sensors and a microcontroller. The DO
motor is coupled to the stainless steel blade and provides the required torque to the blade to
achieve the cutting process. Based on the output of the Ultrasonic sensors, the microcontroller
allows the current flow to the motor that coupled to the blade so it starts the cutting process . The
solar panel working on charging the rechargeable battery through the charging controller.. So.
the designed system is fully automated, it is able to detect fixed obstacles (e.g. walls, stones,
trees, ete.) and moving obstacles (e.g. humans, animals and any living organisms) and will be
able to avoid them, The robot will mave automatically without man help, and there will be none
1o care about it. The main focus was to design a prototype that is able to work with a little or no
user interaction. Every action of the lawn mower is monitored by the ATMEGA32SP
microcontroller with the help of the Ultrasonie sensor,
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EMBEDDED BASED AUTOMATIC LAWN MOWER

Chapter 1
INTRODUCTION

In the past and even until now, cutting of grasses m the schools, sports tracks, ficlds,
industries, hotels, public centre, efc. was done with a cutlass. This method of mamal cutting is
fime consuming because human effort i needed for the cuiting, Culting grass cannot be
achicved easily by young, and the grass cutters with gas enginés have many disturbances and
produce air pollution as it depends totally on the power produced from gas burning: Also, it
requires to be maintained periodically, such as an oil change. Even though the grass eutter
with the electric engine is environmentally frlendly, it iz dangerous and cannot ba used by
anyone also maccuracy incutting level was observed using the manual culling meathod, The
aim of this work mcludes, but not limited to the folowing:

= To reduce labour input in the cuotting of not only weeds or grass but also in the

trimming of flowers and trees.

= Toreduce cost, time of cuttmg and also to beautify the envirenment,

1.1 Relevance Of Work

Cirass cutter machines are becoming very popular these days. Farmland or weeds can easify
cut or brushed with lawn mower without intervention of buman effort. In old model of grass
cutter IC engine was used and hence because of is environmental impact, pollution lewel
rises. User and Eco friendly systems are need of the hour.

1.2 Issues And Challenges
IC engines require frequent maintenance and i is costly. A pasoline-powered lawn mower

produces as much pollution in one hour as a new car does in thirty hours. To avoid these
drawbacks, we plan to build new tvpe of grass cuiter which runs on solar enerey and this

midel 15 economical, noiseless and free from pollution compared to the existing model,
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EMBEDDED BASED AUTOMATIC LAWN MOWER

1.3 Problem Statement

Construction of solar powered lwn mower which stays in specified boundary, finds distance
and position of the ohstacle to avoid cellision. With help of new system noise and air pollution
nead 1o-be avoided.

1.4 Objectives

» Tooptimally design and fabricate the unmanned sofr powered lawn mower.

= To detect and avoid collision with obstacle and change its direction.
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EMBEDDED BASED AUTOMATIC LAWN MOWER

Chapter 2
LITERATURE SURVEY

[1]. "Automated Grass Cutter Robot Based on [OT” In this paper author fabricated a
autometed grass cutting machine, The machine was worked under guidance and cut the grass
uniformiy. Here they used battery as power source fo detect obstacle. In this project main aim
of the author to replace the prass cutter which uses petrol engine because it increases
pollution . This machine detects the obstacle and stop the movement. Here they used Arduino
UMD microcontroller board, Ulraviolet sensor for obstacke detection, WNon MCLU for wifi

connection, blade for cutting the grass and motor drive for wheel,

[2]. “Bolar Powered Intelligent Girass Cutter Robot® In this paper they prepared a Arduino
controlled grass cotter robot which is work on solar energy which reduces human work and it
is sutomatic robot, Here they used]2v battery and 1A adapter. This robot will provide the
user wr cut grass with fwo mput that is length and breadih. When we turm on the system user
should enter lengih and breadth of plot and robot will cut the grass automatically in caleulated

arga,

[3]. “Fenewable Encrgy Based Robotic Grass Cutter Using 10T Here the lawn mower is
fully awtomated robotic vehicle powered by solar energy and obstacles are avoided. It is also
capable of fully automated grass cutting without the need of any human mtervention. Solar
pancls are uscd to nise the battery level, The cutter and its motors are interfaced to the PIC
Microcontroller that controls the working of afl the motors,

{4]). “Design And Fabrication Of Solar Operated Lawn Mower” In the praject paper author
prepared & automate Bwn mower to reduce human work. They used Solar panel to cherge the
battery which converts the solar energy o electrical energy. The machine is remote
Controlled and wifi Controlled. The blade iz connected to DC motor. This device cut all types
of grase Here they used 12w battery . This device is eco friendly as compared 1o of other lawn
maower, This device does nol require greal maintenance this s one of the grear adva of

this machine.
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EMBEDDED BASED AUTOMATIC LAWN MOWER

[5]. “Auntonomous Solar Based Lawn Mower™ In this paper author fabricated antomatic lawn
mower which works on battery which is charged by solar panel. Heps they used image
Processmg to detect prass and when grass is detected blade will start rorating and it will cut
the grass. It avoids obstacles and it will cover entire area of Tawn automatically.

[6]. “IOT Based Grass Cutter with Selar Panel” Here they have built selar operated arass
cutter here solar panel is used to charge 12V battery. This modsa] can be cven controlled by
tell phone with the help of wifi module ESPE266. It has a feature of obstacle detaction where
it can detect location of obstacle with the help of IR and Ultrasonic sensor and aveid collision
with it

[7]). “Fabrication of Automaije Solar Lawn Mower” In this paper author has built & fully
automatic solar powered lwn mower it is & pollation free system and does not emit any pas,
It is a low-cost and a lightweight svstem it can successfully detect and avoid collision with
obstacles with the help of IR sensor here they have used 4 motor for wheels and 2 for cutter
blade

[8]. “Fabrication of Solar Powered Grass Cubting Machine™ Hare they have built a solar

used fo relay because of jts high efficiency can be achieved it is fully amtomated Erass cutling
machine .Once we switch on the system it performs all actions without any manual operation,
Main drawback & no information about obstack detection and boundary  detection.
Advantage of this systen is low power consumption and disadvantage is manually operated

[9]. “Self-Efficient and Sustainable Solar Powered Robotic Lawn Mower™ In this paper
anthor has manufactured automatic Bwn mower. Battery charged by solar panel. it can
successfully deteet and avoid collision with abstacles with the help of IR sensors it helps £
mow the lawn in a different design with minimal human effort it is environment friendly
s¥stem. Advantage is it has a feature of obstacke detection, Dizadvantage is system Fesponse is
slow in real time.
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EMBEDDED BASED AUTOMATIC LAWN MOWER
-_—

[10]. *Dsign and Development of Solar Powered Lawn  Mower " Here anthor has proposad a
enviromment-friendly solar powered lawn mower Jow cost operation because it does not use
fuel. This lawn mower can be replaced with gasoline powerad lawn mower, Advantage is il
has a grass cutting efficiency of around 93% Main drawback of this system 15 t B manusally

operated,
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EMBEDDED BASED AUTOMATIC LAWN MOWER

Chapter 3

PROPOSED METHODOLOGY

3.1 Block Diagram

SOLAR PANEL 15W

|
|

BATTERY 12v  —=

ULTRASONIC
SENSOR

H ATMEGAZIEP
| MICROCONTROLLER

—

CUTTER
MOTOR

Fig 3.1 Block disgram

The main components of the solar powered grass cutter are:

Hardware Requirements:

15w mono crystalline solar panel,
12 volt lithfum ion battery,

[ Beries Motor,

Ultrasonic sensor,

4 whesls,

Mowing blade,

ATmega328P Microcontrolier,
Motor Driver L2930

Software Hequirements:

v Embedded O

Department of ECE, SMVITM, Bantakal
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EMBEDDED BASED AUTOMATIC LAWN MOWER
—_— e

Working of proposed system:

The automated solar grass cutter is a robotic vehicle powered by solar energy that also aveids
obstacles and is capable of grass cutting without the need of human intervention. The system
uses 12V battery to power the vehicle wheel motors as well as grass cutter motor. We use a
solar panel to charge the battery. It & interfaced to an ultrasonic sensor for obstack: detection,
The mode of operation starts when switch is turned on. [f battery is charged then ultrasonic
semsor can be activated else if battery isn't charged then it is charged by solar panel. On
phstacle detection the ultrasonic sensor monitors the grass cuter motor to avoid any damage
to the chiscthuman/animal whatever 1t 15. If the obstacle s detected and distance of obstach
15 lezs than 30 ¢m lawn mower will change its path towards left and continue mowing. If
distance of obsteclks is more than 30 cm the lawn mower will move ahead and kesp mowing,
The mode of operation stops when the switch is bumed off.
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EMBEDDED BASED AUTOMATIC LAWN MOWER

3.2 Flowchart

| .
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EMBEDDED BASED AUTOMATIC LAWN MOWER

— e e e e e — —
Chapter 4
BACKGROUND
4.1 Battery

A battery is a device that converts chemical enerey directly to electrical energy. It consists of
a number of voltaic cells; each voltaic cell consists of two half cells connected m series by a

conductive electrolyte containing anions and caf jons,

Features include:

« Voltage: 12V-13AH

= Initial Current: Less then 0,394

o Cvele Use: 14,4%-15V

+ Standby Use:13.5V-13.8V

« Type of Battery:Recharpeable, Lead acid
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EMBEDDED BASED AUTOMATIC LAWN MOWER

4.2 ATMEGA328P Microcontroller

ATmega328 is an eight bit Microcontroller. It can handle the data sized of Up to eight bits. It
is an AVR based miniaturized seale controller. Tts built in interior memory is around 32KB. Ti
works extending from 3.3V to 5V, It has a capacity to store the information notwithstanding
when the elecirical supply is expelled fom its biasing tertninals, Its beilliant highlights
mcorporate the cost effectiveness, low power dispersal, programming lock for security
purpases, genuine clock counter with solated oscillator, Ir's ordinarily utilized as a part of
Embedded Systems applications.

Fig4.2 ATMEGA3I28P Microcontroller

Features include:

- High Performance, Low Power Design

. 8-Bit Microcontroller Atmel® AVRE advanced RISC architecture
. 131 Instructions most of which are executed in a singhe clock cycle
. Up to 20 MIPS throughput at 20 Mz

. 32 x 8 working registers

. 2 cyele multiplier
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EMBEDDED BASED AUTOMATIC LAWN MOWER

4.3 Ultrasonic Sensor

Here 15 4 more easy use serial ulirasonic module. Tt will auto outpat the distance information
via serial port afler power on, you don't need to do any trigger and caleulated, just need o
read the serial pin and get the distance information,

Liltrasonic sensor provides & very low-cost and easy method of distance measurement. This
sefisor 8 perfect for any number of applications that require you to perform measurements
befwieen moving or stationary objects. Maturally, robotics applications are very popular but
you'll alse find this product to be useful in security systems or as an infrared replacement if so
desired. You will definiiely appreciate the activity status LED and the economic use of just
ome 110 pin,

FigA.3 Ultrasonic Sensor

Features include:

* Provides precise, non-contact distance measurements within a 2 ¢m to 3 m range.
»  Simple pulse in'pulse out communication

= Burst indicator LED shows measarement in progress.

= 20 mA power consumption.

= MNarrow scceptance angle

e e ——————————————————
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EMBEDDED BASED AUTOMATIC LAWN MOWER

4.4 Solar Panel

Selar photovoltaic cells convert solar radiation into electricity (photovoltaic literally means
"light energy”: "photo™ = light, "voltaic" = energy). Individual cells are packaged into
modules, like the one shown at the right; groups of modules are called arrays. Phatovoltaic
arrays act like a battery when the sun is shining, producing a stream of direct current (DC)
eleciricity and sendmg it into the building or sharing it with the grid.

Fig.4.4 Solar panel

Features include:

» Voltage:12V,1.34H

s Small in size

*  Waterproof solar pans|
s Aluminum frame

* High efficiency
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- H_- l-|
Ly k -"-"-‘,'~”'1
for. 3 1 Rl T Pl
1 A e e n e el
SHRMNE S ret o, MAHABEI
r"lul' TT[!!_"; ':-.I iRkt _I“ ; o bichieiy) j-"i:‘
¥ -t - - "| o _.. _-. iy | .I:
WsnE L Fidyha

m

Department of ECE, SMVITM, Bantakal PapeNo. 12



EMBEDDED BASED AUTOMATIC LAWN MOWER

4.5 Motor Drive (L2931))

LE930y is a dual H-bridge motor driver integrated circwit (IC), Motor drivers act as current
amplifiers sincé they take a low-carrent contrel signal and provide a higher-current senal
This higher current signal is used to drive the motors.

Fwmaleba | = 0 oo @

Forgraes &

Ehunpaui § Eimiymard 2

FRCET N PP

LS
sy B AR B
Ciiepdsy T F i igimii W
Soypoad 7 At ¥
Wi T L e
Figd.5 Molor driver

Features inclode:

L Wide supply-voltage range: 4.5V to 36V

. Separate input- logic supply

. Internal ESD» protection

v Thermal shutdown

L High-Noise-Immunity input

. Functional Replacements for SGS 1293 and 8G5 L2930

. Output current 1A per channcl (600 mA for L2931)

. Peak output current 2 A per channel (1.2 A for L2930}

U Crufput clamp diodes for Inductive Transient Suppression(L2930)

rogere
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EMBEDDED BASED AUTOMATIC LAWN MOWER

4.6 DC Motor

A DC motor is an electric motor that runs on direct carrent (D) electricity, In any electria
motor, operation is hased on simple electromagnetism. A current-camying conductor
generates & magnetic field; when this is then placed in &n external magnetic field, it will

experience a force proportional to the current in the conduetor, and to the strength of the
external magnetic field.

Fig4.6 DC Moeor

Features include:

*  Grass motor- 1000 RPM
®  Wheel motors-35 RPM
*  Netal-Gear material

Department of ECE, SMVITM, Bantakal Page No. 14
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Chapter 5

HARDWARE IMPLEMENTATION OF PROPOSED SYSTEM
5.1 PCB Board Design
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Fig.5.1 PCE board
k‘ BT me

_—

I
oM MARUWA VADIRAML
BESTITTT G & KM AGERENT
Vit 4L waiar Uidupd Dlst
EANTAKAL - 514115

Deparment of ECE, SMVITM, Bantakal Page Mo, 15
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5.2 Circuit Diagram

Power section:
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EMBEDDED BASED AUTOMATIC LAWN MOWER

Wstor section:
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EMBEDDED BASED AUTOMATIC LAWN MOWER

Interface section:

[RESET) Pes [1] O

(RXD) PDO [Z ]
(TXD) PD1 [T
{INTO) PD2 [4]
(INT1) PD3 [5_
(XCKITD) PD4 [E_

VCC [T | ATMEGA 328P

GND [
(XTALNTOSCA) PBE [T |

(XTAL2/TOSC2) PBT fiD |
(T1) PD5 it

(AINC) PDE fiZ]

(AIN1) PDT 3]

(IcP1) PBC fid]

|28 PC5 (ADCSISCL)
|27 PC4 (ADC4/SDA)
|28 PC3{ADC3)
|25 PC2(ADC2)
(24 PC1(ADCY)
23 PCO (ADCO)
(22 GND

21 AREF

20 Avce

(19 PBS (SCK)

1§ PB4 (MISO)
(17 PB3 (MOSIOC2)
1§ PE2[S5/0C1B)

| 15PB1 (OC1A)

Fig.5.2 Circuit diagram q’w
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5.3 Implemented Model

Fig. 5.3 Lawn mower
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Chapter 6
RESULTS AND EVALUATION
6.1 Result
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EMBEDDED BASED AUTOMATIC LAWN MOWER
Table. 6.1 Analysis on solar panel

SL MNo. Time required to charee Battery Condition | Hoors of mowing |
battery using solar panel

I 12 Hrs Fully Charged 4 Hrs

2. | 6 Hrs Half Charged 2 Hre

Table, #.2 Analysis on obstacle detection

SL No. | Obstacle at different distances Vehicle Speed Mowing Blade
speed
1. Without Obstacle 15 RFM 1000 FFM
2 With Obstacle greater than 30cm 15 BRPM 1000 RPM
T With Obstacle equal to 30om 15 RFM Halt or [} RPM

6.2 Advantages

= Automatic lBwin maower is safer,

* Low maintenance,

Envircnment friendly.

Girass will ook better and lawn will be healthier,

It is convenient than other type of lawn mower.. GY“VLDTP
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Chapter 7
CONCLUSION AND FUTURE WORK

7.1 Conclusion

This project has presented the advance use of the new technology in the flly automated grass
cutter. Solar panel is environment fricndly which i one of the best part of research paper for
providing the power source o the battery and ATMEGA32EP Microcontroller is used for
automation of the grass cutter. The machine trims the grass automat ically without any external
force or human intervention. Lawn mower detects obstacle and change #t°s direction as soon as
it detects obstacks When battery is fully charged with the help of solar panel it can mow
grass comtinuously for 4 hours and it is smooth working and can be handled easily.

7.2 Future Scope

* The efficiency can be improved by mereasing the battery capucity.
* More sensors can be incorporated for accurste results and improved astomation.
* The progremming can be enhanced to make fhe device perform different operations.
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ABSTRACT

The major sensory organ of a person is their eyes. One glimpse around us makes us realize
the importance of sight. Having to deal with blindness is onc of the challenges faced by the visually
impaired. The blind population faces a lot of difficulties in accomplishing their day-to-day
activities. They are unable to perform a lot of tasks without availing a helping hand from sighted
peaple. Often than not, they feel helpless and incapable and are unwilling to be a burden to their
family and friends. Having little 1o no opportunity o help themselves, blind individuals ase
incapacitated from their independence, Other challenges include difficulty in recognizing,
detecting obstacles, etc.

The aim of our project is to assist the visually impaired in their cverydny fask such as
navigation from one place to another and identifying objects. The kentification of objects and the
detection of obstacles is done through a voice-enobled system that would direct the visually
challenged person in their day-to-day work,
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Robot Assistance for "'r'is:lalli [mEired

Chapter 1
INTRODUCTION

Blindress can take on various meanings depending on the individual; some are born
with it while others lose their sight due to different reasons. Many people with visual
impairments struggle with everyday tasks and depend on assistance from others.
Worldwide, at least 43 million individusls are blind, and 295 million have varying
degrees of vision impairment. Blind individuals encounter challenges with reading,
writing, navigation, and ohject recognition,

While a range of adaptive equipment is available to help blind individuals live
independently, it is not casily accessible in boca] stores, Therefore, our project sims to
akd visually impaired individuals in their daily activitics, such as navigating from ons
place to another and identifying ohjects.

Visual impairment is a serious and widespread disability that affects the daily lives
of millions of people worldwide, Tasks that are taken for granted by sighted
individuals, such as navigating from one location to another or identifying objects, cén
become daunting challenges for those with visual impaiments. The use of assistive
technologies has the potential to significantly enbance the guality of life of these
individuals, enabling them to perform daily activities with greater independence and

L= k1=

In this project, we proposs a blind asswstance device that emplovs a combination of
computer vision and voice feedback o detect and recognize objects and provide
navigation assistance to visually impaired individuals, The device utilizes a camera and
machine leaming 10 detect objects in the environment and provide real-time vole
feedback, The proposed device has the potential to improve the quality of life of
visually impaired individuals and enable them to carry out daily activities with greater

independence and confidence. Q‘]“%’]ﬁ
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Robot Assistance for Visually Impaired

1.1 Relevance of the work

+  This voice-activated device can assist someone who is blind in their daily tasks,

s Help guide those who are blind i their daily activities, such as gefting around
and identifying objects,

=  With the use of this technology, blind individuals can travel more quickly,
avoidaccidents, navigate mare safely, and feel more confident.

1.1 Issues and Challenges

* Costs of technology, assembling the components, and processing of data will
be thechallenges.

= Using deep leaming algorithms for object recognition,

*  Building a system that can incorporate all of thess and serve as an eye for those
who are blind is the real difficulty.

1.2 Problem Statement

Having to deal with sight loss or low vision is one of the challenges that the visuatly
impaired face in their life, MNavigating, Mentifying, and aranging things are
challenging for blind people and they often rely on assistance from sighted people.

1.3 Objectives

|. To detect obstacles.
2. To recognize objects for identification of various things.

3. Toimplement voice assistance which helps in navigation,

L4
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Chapter 2
LITERATURE SURVEY

In 1], Ultrasomic smart spectacles for visually impaired and blind people:
spectaches with ultrasonic sensors can detect an obstacle and conveys them to the user
with the help of pre-recorded messages. ARM LPC214% microconiroller helps in
handling resl-time data acquired by ultrasonic semsors. APRIZAT voice record and
plavback moduleallow recording the messapes and playback when it receives the signal
from sensors. The distance between the obstacle and subject is cakeulated using &
formicla CM={{microseconds2V29) in centimeters based on the signal received from
ultrasonic sensors. Hence, the cabculated distance is displayed on LCD. The pre-
recorded messapes give o waming about the obstacle which is present either on the left
or right side of the person.

In |21, Real-time visual interpretation for the blimd: a mobile application allows the
user to control everything with voice commands and touch, This application captures a
real-time image on a particular command which is further sent to the server. The server
accepts images from the Flutter application and produces text oufput using an image
captioning model wisere Inceplion v3 exiracis features from the image, A feahre
vector is passed to the LSTM layer which results in a caption according o the image
feature vector, Text is converted to the preferred language using Google Translate
APL This becomes the input for text-to-speech, which generates speech corresponding
to generated caption.

In [3), guide me Voice authenticated indoor wser gwidance system: Here BLE
(Bluetooth low energy) beacons are being used indoors which are placed in higher
positions and are also connected 1o the users’ phones. Based on the strength of the
signal received the deep neural network algorithm calculates the distance between the
person and the beacons, according to the distance of the sides (left and right) gives a
beep sound for long and shor-range distances, and vibrates accordingly for front
back sides.

ol 4
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In [4], Smart Wearable Device for Blind and Elderly People: A battery, ultrasonic
sensoe, infrared (IR} semsor, Arduino mega, water sensor, pulse rate sensor, blood
pressure {BF) sensor, buzzer, and GPS/G5M module make up the wearable device i,
The individual's precise location can be determined through the use of GPS and GSM,
Bath BP sensors and pulss sensors are otilized for health condition monitoring. The
madel comes with an Arduine Mega that can control the entire system. When the smart
device is tumed on, all of the sensers that are afached will automatically start scanning.
To detect obstacles, a fixed IR sensor bs installed. A water sensor B used to detect the
presence of water and an ultrasonic sensor & wsed to detect manholes, pits, and some
road damage. The LCD is set up to show the necessary information about the persan
and their health. solar panels are installed for charging the device.

In [5], Realtime aid for the blind: It iz a wearable assistive system for the visually
impaired that provides visuals to them through audio. Using intelligence, it detects
objects read text, identify faces. This model uses the CNN object detection framework
and raspberry pi processing wnit to implement the work. The limitation af this model is
it cannot detect the objects in dark.

In [6], Visually Impaired Smart Assistance: The proposed system has got an inbuilt
GiPS and mobile phone network to find and send the location, precise and accurate
alerts about the surrounding, and o dedicated virtual asgistant to help amywhere,
amytirme. A blind person may feel safie with a "blind stick”, which will make cortam thit
they are independent and require no support from others. If they think they are lost,
they can instantly press the bution, which transmits the kcation data to a pre-registencd
phone number. If the user wants 10 know about his surrounding, he can getthe info
through headphones, which gives him directions to the places around him.

Ia [7], Voice Navigation Based Guhding Device for Yisually Impaired People: Tn
the proposed system they have used The Raspberry Pi 3 Broadcom BCMIE3T S0C
with 1.2GHz 64-bit quad-core ~A33, 512 kb shared 1.2 cache, LIDAR: is & remote
senzing method used to examine the object, Vibratory mofor, camers, Haptic strap,

#
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Jockey, When the visually impaired people move iear the obstacle. The camera whichis
fixed in front of the hepatic strap capture the image of the object. The captured image is
processed by image processing software and the description of the ohject is given as a
voice message 10 the user by means of audio cuiput,

In [8], Computer Vision and loT-Based Smart System for Visually Tmpaired
People: The proposed system uses ultrasonic sensors, servo motors, and YOLO v3 for
object detection. Cameras are used 10 measure the distance by wsing the principal

triangle similarity for distance caleulation thiz system comprising of 2 shoe and . an
embeddedoT.

In [9), Vision-based voice-controlled indoor assistant robot for the visually
impaired: Here a robot uses raspberry pi to guide the user, The robot is able to move
around 360 degress as a 4k RGB camera & attached to it helps to overcome the
obstacles, voiee control is added to the system 1o find anything required by the user, as
the rabat is for indoors it takes a litte time to map the home and works efficiently when
it is completed, The RGE camera can also be used to find the objects asked by the user
indgive the voice outpul when it is found.

In [10}, Camers-Based Indoor Navigation in Known Envirenments with ORE for
People with Visual Impairment: The proposed system is 2 Wi-Fi based provides
camers-based navigation support for people with visual impairment in known
environments, This proposed system is in 2 stages offline is a pre-processing stage the
landmark images and navigation are stored in the datsbase and the Online stage i real-
time it gives navigation information and voice feedback.
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Chapter 3
METHODOLOGY

This praject introduces a novel blind assistive device 1o aid wvisually mpaired
individieals in detecting obstacles and recognizing objects in their immediate
surroundings. The device @ developed through a combination of hardware and
softwars components, which includes an ultrasonic sensor, Raspberry FPi 3B+, a
camera, TensorFlow Lite models, and the COCO dataser. The device provides real-
time feedback to the user through & buzzer sound and vosce feedback.

3.1 Hardware design
Ditrasonic sensor HC-5R0
Camera, Raspberry Pi 3B+
Microcontrolier

Voice module APRIIAZ.

The hardware design of the device involves the integration of an ultrasonic senser HC-
SR04, & camern, & Raspberry Pi 38+ microcontrolier, and a voice module AFRIJAZ,
The ultrasonic sensor is employed to find the distance between the user and the
obstacles, wherens the pi camera is utilized for recognizing the ebject. The Raspberry
Pi 78+ microcontroller processes the input data from the ultrasonic sensor and camera

and delivers output through the voice module APRI3AI,

Rl SRR R GERER

#
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3.2 Software design
Raspbian 05

Python programming languags
TensarFlow Lite models

COC0 dataset
OpenCV library

The software design of the device makes use of the COCO dataset and TensoeFlow
Lite models for object recognition. OpenCV B wsed for image processing and object
detection. The ultrasonic sensor is used to detect the proximity of the user to the

obstacles. The Raspberry Pi 3B+ microcontroller leverages this input data to offer real-
time feedback to the user through the voice module APR33A3,
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Block diagram
Pi camera
Tensor flow Maodel
| HOSRM | Raspbesry pi APR3IAZ
H I,'T:I_k_traﬂr.'m.'i: sensar) (Voice modubs)
Buck converter | Patwer supply Headphanes |
e |
1
Buzer

Fig 3.1: Block diagram of the propased system

Department of ECE, SMVITM, Bantakal Fage Mo, 2



Robot Assistance for ‘i"isuul];' lmEimd

3.3 Operation of the proposed system

The ultrasonic sensar HC-SRO4 detects the distance between the blind and
any obstacles present in the surroundings, If an obstacle is detected within a range af
I0em, the Raspberry Pi 3B+ microcontroller triggers a buzeer sound to alert the user af
the obstacle. Meanwhile, the camera captures an image of the surrounding area and
transmits it 1o the Raspberry Pi 3B+ microconiroller. The Raspberry Fi 3B+
microcontroller uses the TensorFlow Lite models and the COCO dmaset to process the
irnage and identify any objects present in the user's sumoundings, The Raspberry Bi
B+ microcontrolier offers voice feedback through the voice module APR33A3 to
notify the user. In conclusion, the proposed blind assistive device employs an
ultrasonic sensor, a pi-camera, and @ Raspberry Pi 3B+ microcontroller with
TensorFlow Lite models and the COCO dataset to detect obstacles and recognize
objects in the user's immediate surroundings, The device's real-time feedback through
buzzer sound and voice feedback can greatly aid visually impaired individuals in
navigating their surroundings safely.

The APR3IIA3 IC module has sight channels so that we can record eight
different voice messages up to 30 seconds each, This device uses ultrasonic sensors 10
detect obstrucrions and raspberry pi to detect ohjests. When ultrasonic sensors detect
an obstruction, the pre-recorded messages i the AFRI3A} IC module are played
througha speaker to warn the visually impaired or blind person regarding the obstacle.
when the ohject is detected through the raspberry pi camera, it is informed to the
person through the speaker of earphones. In this sysiem, the messages are pre-recorded
in the pin 13-M0 and pin-MI pins of APR33A3. Whenever obstacles are detected by
the ultrasonic sensors, the pre-recorded volce message is played over the speaker
which is being used by the user to hear the feedback.

_
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Chapter 4

RESULTS AND EVALUATION

In order to evaluate the performance of the proposed blind assistive device, a series of
experiments were conducted in various indoor environments, The device was
experimented on o group of visually impaired individuals, and their feedback was
recorded 10 evaluate the efficacy of the device,

Obstacle Detection: The proposed device successfully detected obstacles near the
user using the ultrasonic sensor HC-SRO4 with a detection range of 30 centimetres

The buzzer sound was triggered in real-time upon detesting an obstacle, providing
immediate feedback fo the user.

e e
Department of ECE, SMWITM, Bantakal Fage Mo, 11



Robol Assitance for Visually _rmEirnd.

Ohject Recognition: The device accuruely recognized objects within the indoor
enviconments using the COCO dmaset and TensorFlow Lite models. The accuracy of
ohject reconition was tested i different indoor environments, and the device

demonsirated an average accuracy of B3%.

Fig 4.3: Recognised ohjecis

Valce Feedbacks The device provided clear and understandable voice Feedback
through the voice module APRIZAS, informing the user abowl the objects detected in
their surroundings. The users found the voice feedback helpful in navigating their

enviromment,
e ——————— e ——— e —————
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4.1 MAF analysis

Mean average precision £ o metrie used to defect how precisely the ohject is
dedected. This analysis shows that the model = 73% accurate.

Fig 4.4: MAF score of the model

4.2 Confidence score

To interpeet the result, it is possible to lock atthe score of each detected object
A score between 0 and 1 indicates confidence that the object was genuinely detected.

[cLass | SCORE ]

Cell ghone 0

Batile — |em |

= 087 '

Laptop 06 T I
o — 1

kegboard 0.5 |

Tablke 4.1: Confidence score of the deledied obgects
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Chapter 5

CONCLUSION AND FUTURE WORK

In this paper, we proposed a blind assistive device that uses an ultrasonic
sensor HC-SRO04 fo defect obstacles and recognizes objects in indoor énvironments
using the COCO datazet, TensorFlow Lite models, and OpenCY. The device provides
real-time feedhack to the user through a buzzer sound and voice feedback vin the voice
module APRIZAS.

We conducted several experiments to analyze the performance of the proposed
device, which included testing with a group of visually impaired mdividuals. The
results showed that the device was effective in detecting obstacles and recognizing
objects in indoor environments, with an accuracy of 85% on average. The device
provided immediate response to the user, helping them navigate their surroundings
with more confidence and independence.

The proposed device has the patential to improve the quality of life of visually
impaired individuals by providing them with a relisble and efficient means of
navigating their environment. The device can be further improved by incorporating
additional sensors, such as a gyroscope, 1o provide more sccurnte feedback 10 the user.

I conclusion, the proposed blind assistive device is a promising technology
that has the potential 1o maks a significant impact on the lves of visually impaired
individuals. Future work can explore the integration of machine leaming algorithms te
further improve the accuracy and effectiveness of the device.

#
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APPENDIX
RASPBERRY PI B+:

The raspberry pi is a eredit card-sized computer based on the bem2835 system-on-chip (s0¢],
which includes an arm 11 processor and a powerful GPU. The saspberry pi supports various
distributions of Linux inclhuding Debian, fedors, and arch Limm, This item is the raspberry pi
medel b+

The raspberry pi was designed by the raspberry pi foundation in erder to provide an
affordable platform for experimentation and education in computer programming. The
raspberry pi can be used for many of the things that 2 normal desktop pe does, including word-
processing, spreadsheets, high-definition video, games, and programmiing, USB devices such
as keyboards and mice can be connected via the board's four USE ports, With its 0.1 -spaced
GPMO keader and small size, the raspberry pi-also works as 4 progmmmable controller in a
wide variety of robotics and electronics applications. Over two million raspberry PIS have been
sold, and lots of resources for the raspberry pi are available online,

Features

» 700 MHz armi | processar %ﬁ 4

e 502 mbof am PiRcleal



Ethurmet port

Four wsh ports

Fuall=s1ze HOM1 output

Four-pole 3.5 mm jack with audio output and composite video output

40)-pin GPIO header with 0.1"-spaced male pins that are compatible with our 2=20
stackable female headers and the female ends of our premium jumpes wires,

Camer interface (C51)
Digplay interface (DS81)
Micro 5D card slot

A Sy power source with a micro-USB connector. We recommend this 5 vde | a wall
power adaptes and & USB a-to-micro-b cable.

A microSTy card with an operafing system on it, which ako serves s the mitin slompe
for the device.

Input and output devices, such as & kevboard and maonitor.
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ULTRA SONIC SENSORS(HC-SR04):

An clirasonic sensor is an electronie device that measures the distance of a target object by
emitting uitrasonic sound waves, and converts the teflected sound into an electrcal signal,
Ultrasonic waves travel faster than the speed of audible sound (Le. the sound that humans can
hear). Ultrasonic sensors have fwo main components; the transmitter {which emits the sound
wsing piezoeleciric crystals) and the receiver (which cncounters the sound after it has travelled
te and from the target),

WORKING

I oeder 1o caloulnte the distance between the sensor and the object, the sensor measwres the
fim= i takes between the emission of the sound by the transmitter to its contact with the
receiver, The formula for this calculation is D=1 Tx C{where I is the distance, T is the time,
and C is the speed of sound ~ 343 meters/second). Forexample, if a scientist set up an ultrasonic
sensor aimed at a box and it took 0,025 seconds for the sound to bounce back, the distance
between the ultrasonic sensor and the box would be:

D= 0.5 x 0,025 x 343




REFLECTED SOUND WAVES

Ubtrasonic sensers are used primarily as proxiniity sensors, They can be found in
autemobile self-parking techaobgy and anti-collision safety systems, Ulirasonic sensors arc
aloo used in robotic obstacle detection systems, as well a5 manufacturing technology, In
comparison to infrared {IR) sensors in proximity sensing applications, ulfrasonic sens0es are
md &5 susceptible to Interference of smoke, gas, and other airborme partiches (though the
phivsical components are still affected by variables such &s heat)

Ulirasonic sensors arc also used as level sensors to detect, monslor, and regulate liqusd
levels in chosed confainers (sich as vats in chemical faciories), Most notably, ultrasonic
technalopy has cnabled the medical induglry to produce images of internal ongans, identify

tameers, and ensure the health of babies in the wormnb.




APR3I3A3 VOICE MODULE:

The APR33A series is'a powerful audio processor along with high-performance audio
analog-to-digital converters (ADCs) and digital-to-analog comverters (DACs). The IC 154 fully
integrated solution offering high performance and unparalieled integration with analog input,
digital processing, and analog output functionality.
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The APRI3A serbes is specially designed for the simple key trigger. The user can record & play
the message averagely for 1, 2, 4, or § vosce messageds) by a switch and be adjusied the sample
rate by using different values of resistors. It is suitable in o simple interface or needs to limit

the kength of a single message, 2.g. foys, leave messages system, answering machine, stc

APRI3A3 Features
1. Operating Yoltage Range: 3V - 6.3%

2. Single-Chip, High-Quality AudioVoice Recording & Playback Solution
3. Mo External 1C5 Required

4, Mimnimum External Componenis

5, User Friendly, Easy to Use Operation

&, Programamning & Development Systems Mot Required

7. 680 see. (11 Minutes) Voice Recording Length in APRIIAI-C2 [}
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§. Mon-volatile Flash Memory Technology

9. No Battery Backup Required

| . External Reset pin

11, Powerful Power Management Unit

[2. Very Low Standby Current: TuA

13. Low Powes-Down Current: | SuA

14, Supports Power-Down Mode for Power Baving
15. Built-in Audio-Recording Microphone Amplifier
How to Record your Voice using APR33AY

L

The device can be power up in two ways, cither by a 5V supply or by a 12V supply.
Slide the power switch for selection.

We can use § channels (M1 TO M%) for mudio recording, cach channel having 1.3
minutes recording length.

Cnboard MIC will automatically be used for reconding.

Switch on the board power LEIXLD 1) will on,

There is a slide button called REC/PLAY, which means you can select the recording or
play mode.

Whibe in record mode, select o channel{h1-MB) to record the message. Let us assume
we want 1o record messages in channel MO, Connect MI to GND, Or you can press &
hioid the M1 butlon directly.

Mow whatever we speak will be captured by MIC and recorded, status LEINLDZ) will
on in record mode indicating that the chip i currenily recording. Onee the duration i5
full the LED{LDZ} will off mean that the segment is full.

You can release the M1 button to stop recording or simply disconnect it from the GNI.

How to Playback recorder message using APR33A3Y

Connect the speaker to the board Speaker section.
Mow et us check what we recorded. For that slide the REC/PLAY to PLAY part.

3. Mow press the button{M1-ME), status LELDZ) will OM till the recorded sound play

in the speaker.
This procedure same for the remaining channels also.

qﬁ:m
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How to use APR33A3 with Arduino or any Microcontroller?

1. First, do Voice Recording Manually
1. To playback connect Controller L'Os to MO 10 M7
3. When the oulput goes low for 4 particalar Pin recorded missage will plagy.



SPEAKER:

A small aadio speaker that 15 deal for radio and smiplifier projects and is small enough o fit in
robol projecls,

Fentures:
«=Small Size
sPower rating: (L5W
slmpedance: & chm
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ABSTRACT

Aging in living beings is a natural process and with aging one encounters challenges with
walking or standing for kong hours. Obsolete solutions like walking sticks do not provide
satisfactory and effective solutions permanently neither can they be integrated with smar
fentures to belp in physical ailments. Our project aims to provide a knee brace made up of
aluminium along with the device built using lead screw mechanism attached to the legs for
the movement of the legs. This i made pessible using 12v High Torgue DC Geared Motor
with 30 RPM and 21 Kpem Rated torque. Lead Screw Mechanism uses the power generated
by the motor to facilitate movement Arduing Uno with the microchip ATmega3Z8P
eontrols the motor, The Blueioath module (HC-05) helps in connecting the microcontroller
to the Walk-Easy mobile app created, The Walk-Easy app allows the user fo sit or stand
using either buttans provided or throwgh voice command, The Mobile App is integrated for
user convenience, through which the movement is assisted as desired by the user.
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PROVIDING KNEE MOVEMENT ASSISTANCE USING ANDROID AND 10T

Chapter 1
INTRODUCTION

The Knee is one of the mast complex joints in the human bixdy. Its importance in stabilizing
the body is evident in a renge of activities, from everyday activities such & standing,
walking etc. On aging our elderly encounter challenges in walking, standing and siting
activities. Through extensive research and survey it is found that around 25% of people
around the world, who are above 50 years of age have serious problems related 1o knee
Joints. Tn India | 5% of people are already taking treatments for knee pain, which is abou
18 ¢rore people roughly, But 2 lot of people in India go for domestic medicine, Axurveds
ete. hence the ahove number sl minimum and an arough estimation will be double i.e. 30%
of sbout 36 crore people. In addition, it is an imiportant fact that women undergo thess pains
a lot more frequently than men, about 10-20% more [1].

An orthosis is defined as a device designed to align, correct o prevent neuromuscular o
muscukoskeletal dysfunction, diseass, injury or defarmity, There are various devices that
werefare urder development and already present for the complications menfioned, Some of
the devives are, passive gravity balancing passive leg orthosis [2], Powersd Leg Orthosis
[3], Hybrid Assistive Limb (HAL) [4], Rewalk [5] and Ankle Foot Orthosis [6] ete. But
these devices are compler, not portable, The device i bigger in Size, comsumes more
power, and is more expensive, hence not affordable. A person i always required 1o set up
the device. The most efficient way to deal with this prablem is by overcoming the previows
drawbacks and to inculeated new features is to design a wearable knes brace comprising of
outer exoskeleton, Motor which is the deiving force, Microcontroller's to actuate the device,
Bluctooth module as well as Wi-Fi module to act a8 interface between (he android app and
wearable device.

The body of the exoskeleton used is primarily made of aluminivm 7074 alloy as it i lighter
m weight and has high strength, toughness, good resistance to fatigue and has significantly
better corrasion resistance. Other heavy metals are conventionally used, galvanised iron
makes up the hase to strengthen the materizl sieel is akso employed on the movable part to
provide robustness. The proposed system is a compact rotary serses elustic actustor for
knee joint sssistive system. CRSEA is 2 system with forsion spring in & chain of spur gears

Deparmeent of ECE, SMVITM, Baniakal PageMo. 2
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PROVIDING KNEE MOVEMENT ASSISTANCE USING ANDROID AND 10T

and worm gears which controks the generated torgque, A DC motor is used which contributes
tor maximum speed and torgue of §200rpm and 0,181Nm, CRSEA system forques up o
1 0.8 7Mm, The basic principle used in the sysiem is that the reduced speed reduction rato
obtzined by worm gear and worm wheel maximizes the torque. While considering the
requirements such as precise and large lorque generation, back drivability, low oatpul
impedance, the system gives good performance. But, since the torque amplification ratio
of the worm gear is sensitive to the friction coefficient, it infroduces an uncertainty to the
avatemn model and reduces the overall efficiency [34]

The knee-ankle orthotie device incorporates a low transmission ratie which produces o
higher torque cutpat, An AC servo is used to provide a peak torque of 7.2Nm and speed of
80 rpm. Since the device welghs around 4.88kg, we can infer that the overall design is ned
compact, Besides, the system's response time is too high due to low speed and the feedback
mechanism in serva motor trying to cornect any drift from the desired position, it results in
poos stability of the system [35].A powered prosthetic leg designed in embodies high
density acluators which serves several benefits like free swinging in knes motion and
compliance with ground, The mator used is 1LMESX26 motor kit with peak torque rating
of B.3Nm and velociy up 1o 1500 rpm  Additionally it & driven with motor driver which
has a rated current of 17,64, Active knee rehabilitation orthotic device 1s majorly created
fo serve as a gait rehabilitation device for patients past stroke. It mvolves several technsgues
to prevent hypertension amongst individuals. On comparing the motors in [34]-[35], Gear
hearing drive is a novel mechanism used in the system in GBD is a compact aystem which
inteprates 4 brushbess DT and gear bearing, GBD iz not a heavy svstem and ifs volume is
' of the volume when compared with actuators in[34]-[35]The torque rating of GBD is
342Nm with rpm rating of 266, Thus We can infer that GBI proves to be a novel
technology that can be utilized in robatic orthosis devices,

The microcontroller employed to actuate the motor is Arduine Uno equipped with a high
level programming facility needed for deciding the degree and time for modor operafion,
Receiving signals is a Bluetooth module or 8 Wi-Fi module independent of ane another so
as o provide convenience 1o fhe user which iz 8 unique atfempd made and i absent in other
knee braces. Out of the numercus ways to create an App, An app can be created using
android studio to control the EPM and directions of the motor and also o control the motor

through voice [27-32], MIT app inventor is easy o use in comparizon with android m.ﬁ'n_
- _._._._-‘.
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PROVIDING KNEE MOVEMENT ASSISTANCE USING ANDROID AND 10T

It has a graphical interface, conventional coding iz not required to create the app, instend
drag and drop the interface to be performed. This can be used to interface the

microcontroller with the motor and control the RPM and directions through the Blustooth
module [26] & [33].

1.1 RELEVANCE OF WORK:

At old age knee pain is becoming commen for everyone. People with knee pain find it
difficult to stand and sit s it applies a large amount of stress on the knee joints. This project
reduces the stress on knee joints as it helps in receiving & part of stress. People in
rehabilitation canters can make use of this project to overcome their difficultics.

1.2 ISSUES AND CHALLENGES:

= Earlier rehabilitation devices were bigger in size, consumed a larpe amount of
power, and also were stafionary.

® People with knee pain opted for different solutions like walking sticks which
resulted in other difficulties like shoulder pain and these solutions were obsolete.

* At old age people with severe knee pain have to rely on others for day 1o day
pctivities,

® People with partial neurological difficulties around their legs and knee had to rely
on others for day to day activities,

Yeios
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L3 FROBLEM FORMULATION:

Building an external metallic joint using Tynor adjustable range of motion knes brace
material and High Torque 12V DC Geared Motor which can be controlied manually
through mobile App wsing 10T concept.

1.4 OBJECTIVES:

*  Develop a device strapped 1o knees which will mechanically act as a joint.
s Creating a device using lead serew mechanism to obtain the desinsd angles,
®  Manually control the motor to aitain the desired movement.

*  Developing an Android app for this device.

¢ Interfacing an Android app using manual and voice comrmand.

O

i
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CHAPTER 2
LITERATURE SURVEY
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Chapter 2
LITERATURE SURVEY

Mehdi Shaban Ghazani, Behzad Binesh, Ali Fardi-llkhchy [7] investigated the effect
of strain hardening exponent and strain rate sensitivity abong with accumukated damage, In
addifion, uniformity of plastic strain and maximum damage developed is alsa considered.
They found out that plastic strain imposed at the bottom side is much less compared g the
top séde, They also found that most uniform distribution occurred when strain hasdening
exponent and strain rate sensitivity both lic in the mnge of 0.1-0.15. Amnother observation
was that damage sccumulated on the top side was much-higher than damage accumulated
at the botiom,

Miklos Tisza a, Imre Czinege [8] did a comparative study of steels and aluminium in the
production of lightweight materials. High strength stecls ke DP1004, TRIP7E0 and
aluminium alloys like AAT071 and AATOTS alsa have the same properties at very thin
dimensions, In this paper a significant part was devoted for the comparative analysis of the
application of high strengih steels and aluminium allovs from the point of view of strength
properties, loading conditions, the manufecturability with parficular emphasi= on
formability and joining, as well as the recyeling and life evele considerations, Finally they
concluded in the paper that even though the cost of aluminium exceeds steel aluminium
makes up for it by being lightweight compared to steel,

Ken-ichiro Mori, Yohei Abe [9) reviewed mechanical joining processes by plastic
deformation such as self-piercing riveting, mechanical clinching and hemming for
aluminium alloy and high strength steel sheets. These mechanical joining processes without
metallurgical bonding such as welding have the advantages of high productivity, low cost,
application to multi-materials. . The static and fatigue strengths of self-piercing riveting ars
considerably higher than those of resistance spot welding, and the fatigue strength of
mechanical clinching is similar to that of resistance spot welding. It was also mentioned
that the welding process for multi-layered metals is difficult and this problem can be easily
overcome by plastic deformation,

Department of ECE, SMYTTM, Bantakal Page No. 7
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Divya Zindani, Kaushik Kumar [10] have given 2 brief idea about addifive
mamufacturing technologies. Additive manufacturing has gained special attruction due to
its capability and potentiality 1o improve and modify the properties of materials through
the inclusion of réinforcements. Various additive manufacturing processes like Powder bed
fusion additive manufacturing processes, Sheet lamination, Vat photopolymerization,
Material extrusion, Liquid deposition modelling, and fused filament fabrication, [ifferent
Mechanical Properties for different composite compositions are also mentioned,

Daniel P Ferris [11] talks about the importance of exoskeletons, recent advances in
#humlors, sensors, bafteries ete. has led to development of exoskeletons rapidly.
Exoskeleton can be used as a rehabilitation device, can be used for peaple with disabilities,
and can also be used by people ts ense pain while doing strenuows work along with thisir
daily activities, It can also be used as an orthosis device,

Hina Najam, Burak Bal, Ramazan Unal |12] have thoroughly analysed differcnt
materials te be used for knee exoskeleton frames, Performance Index for selecting different
materzals sre strength to weight ratio, stiffness, and fracture toughness. 161 or 304 stainless
stecls, Ti alloys and Al alloys and compasite are the different materials considered for
comparisons. Some of the materiaks [ike Kevlar or Titanium alloys showed excellent
results with the material performance index. However, after looking at other propenties of
these materials such as cost or compressive strengths, they were eliminated. The materials
that showed good results in terms of material index as well as other mechanical properties
were AL 5 and Carbon Fiber. Finite element analysis has been performed on A17075 and
Carbon Fiber. Results showed that under the same loading, the stresses experienced by
Al and Carbon Fiber as well as their fatigne life were the same. However, the
deformation of Carbon Fiber was less compared with A17075 because of its higher modulus
of clasticity compared with AIT073, But since carban fiber I3 very expensive they
concluded that Al 7075 is a befter option o build an exoskaleton,

Kyoungehul Kong, Joonbum Bae and Masayoshi Tomizaka |13 proposed “A Compaci
Rotary Serics Elastic Actuater for Knee Joint Assistive System"”. An aciuator medule for
human assistive devices was proposed in this paper. The proposed device, & Compact sories
elastic actuator, wiilizes & torsion speing in the chaki of spur gears and worm pears, which
allows the precise control of the generated assistive torque, A robust contral alporithm

s
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PROVIDING KNEE MOVEMENT ASSISTANCE USING ANDROID AND IOT

inspired by disterbance observers was designed o control the propesed device. The
important requirements for human assistive robots such as precise and large torque
generation, back drivability, low output impedance, and compaciness of hardware are being
met by the proposed model. In this paper, the friction effect is considered in the model of
cRSEA, and a robust control algorithm is designed 1o precisely controd the torque gutput in
the presence of nonlinearities such as the friction,

Selection of a DC Mater and Gears: DC motor with the maximum continuous speed and
torque are respectively $200 rpm and 0.18]1 Nm is selected, while the angular velogsities of
the kniee joint during normal walking are in the range of £ 60 rpm. The opcralion range can
be adjusted by utilizing a gear reducer. To guarantee the immediate responses 10 the knes
joint mations, the desired range of the angular velocity of the knes frame is set to £ 120
rpin, which is twice faster than the knee joint motion, Based on these numbers, the speed
reduction ratio is selected to 60:1, where 10:1 comes from the worm gear and the worm
wheel and 6:1 comes from the spur gears Note that the reduced maximum speed results in
the inereased maximum tarque. IF the efficiency of the gears is it considered, the torgue
generated by the motor is amplified by the speed reduction ratio, i.e., & compect rotary
series elastic actuator (cRSEA) system may generate the mssistive torques up to 10.87 N,
Hangi Zhu, Jack Doan, Calvin Stence, Ge Lv Toby Elery and Roberl Gregg [14]
proposed “ Design and Validation of a Torque Dense, Highly Backdrivable Powered Knee-
Ankle Orthosis . This paper presents the mechatronic design and experimental validation
of o novel powered knee-ankle orthosis for testing torgue-driven rehabilitation controf
strategies. The modular actuator of the orthosis is designed with a torque dense motor and
& custom lew-ratio transmission (24:1) to provide mechanical trangparency 1o the user,
allowing them to actively contribute to their joint kinematics during gait training. The 4.88
kg orthosis utilizes frameless components and light materials, such as aluminium alioy and
carbon fibre, 10 reduce its mass, A human subject experiment demonstraies accurade torgus
contral with high output torque during stance and low back drive torque during swing at
fast walking speeds. This work shows that high back drivability, precise torque control,
high torque cutput, 2nd light weight can be achieved in a powered orthosis without the high
cost and complexity of variable transmissions, clutches, and/or series elastic components.
At the same time, the presented onhosis can maintain and track a high torque outpal & 8

Department of ECE, SMVITM, Bantskal PO pgag, 91




PROVIDING KNEE MOVEMENT ASSISTANCE USING ANDROID AND 10T

high walking speed. Tt alse demonsirates several advantages, such as improved dynamic
performance, reduced intrinsic back drive torque, and an almast linear forque constant.
The electrical system: The electrical system of the lower-limb orthosis has two main pars:
a high-level gait control system and a low-level actuator drive system. The gait control
system monitors the key variables of the user’s gait to implement any given torque based
rehabilitation algorithm. The sctuator drive system drives the actuator to frack torque
commands from the gait control system.

The gait conirgl algorithm i impbemented on a microceatreller which has a dual-core ARM
microprocessor and a Xilinx FPGA. To achieve diferent forqgue based rehabilitation control
algorithms, several features from the user's gait ¢ycle (e.g., gait phases and joint angles)
are meastred by the sensors. Actuator Drive Svstern: A high torgue densiny PMEM (i,
AC servo motor) is used to provide sufficient input torque and power to the transmission.
The PMEM is driven by a field oriented motor controller, which has faster response time
and less torque ripple. A reaction torque sensor is installed at the output shaft of the actuator
e measure the real torgue oudput from the actuator.

Toby Elery, Skavash Hezarsdeh, Christopher Nesler, Jack Dvoan, Hangi Zhu, and
Robert I,

Gregg [15] proposed “Design and Benchtop Validation of 3 Powered KneeAnkleProsthesis
with High-Torgue, Low-Impedance Actuitors”. This paper presented the design and
experimental validation for a powered prosthetic leg with high torque density actuators.
The system implements high torque motors coupled with low reduction transmissions, Low
mechaneal impedance is an inherent feature of the actuator's design, resulting in Jow back
drive torques to move the motor, This sfyle of actuation presents several possible benefits
over modern actuation styles implemented in emerging robotic prosthetic legs. Such
benefits include free-swinging knee motion, compliance with the ground, negligible
unmideled actuator dynamics, and greater potential for power regeneration. Bench top
validation experiments were conducted to verify some of these benefits, Back drive and
free swinging knee tests confirm that both joints can be back driven by small torques (3
Nm). Bandwidth tests reveal that the actuator is capable of achieving frequencies required
for walking and running.

Departmeent of ECE, SMWYITM, Bantakal Page Mo, 10
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Vishal Jain |16] proposed a thesis on “Design and control of active knee rehabilitation
arthotic device (AKROD) " Presented in this thesis a low cost portable device called Active
Knee Rehabilitation Orthotic Device (AKROD). AKROD is designed and developed for
gait rehabilitation of patient post-siroke and is targeted towards individuals who have
regained a certain level of motor control but not yet fully attained normal walking
capabilities. AKROD funetions by providing active assistance to the patient’s lower limbs
ini order to reinforce the desired trajectory in terms of knee position and knee moment along
the ait cycle. The proposed system allows for the normal movement of the knee joint along
the sagittal plane to allow patient advancement and a1 the same Lime mcorporates
technigues to prevent hypersxtension ofien displayed by these individuals. The Gear
Bearing Drive is a compact and light weight system capable of delivering power equivalent
to a conventional actuator but is 1/8 smaller in volume.

Gear bearing Device: Gear Beasing Drive is a novel technology that combines a brushless
DC motor and gear bearing into a single mechanism. The resulting compact device pravides
two solutions: a) it operates as an actuator and b) it provides a joint support. The Gear
Bearing Dirive replaces the traditional motor gear train assemblies thereby reducing weight
and space. The principle motor component of the GBD is a standard off-the-shelf low cost
brushless D “owl runner” motor most commonly used on hobby airplanes and racing cass.
The out runner motor is 3-phase, 12 pole brushless DC motor with an imner stafor and an
outer rotor. They operate at high speed of 8000 — 15000 rpm. A. The pear bearing is a novel
bearing less high-reduction ratio planetary gear system which places a rolling surface at the
pitch diameter of each gear. The GBI has a gear mtio of 40:1 torque of 3.42Nm and rpm
rating of 266 We can infer that Gear Bearing Diive technology is superior and highly
adaptable for the rohotic application. The GBD can combine an actuator and joint load
supports into a space that is volumetrically smaller than existing actuating technology for
a similar power dénsity oufput.

Johannes Schick, Prof. Dr. rer. nat. Markus Glaser and Steven Huber [17] proposed
“Design, realization and verification of a novel knee joint actuator for robotic
exoskeletons”. In this paper, a novel electromechanical knee joint actustor is developed
and applied to a lower limb exoskeleton. A novel electromechanical actuator using a wire
gear and an intérnal rotor motor is designed. The novel sctuator is applied 1o a knee joint
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cxoskeleton prototype. The verification results show the feasibility and efficiency of the
developed actuator, with an efficiency of the mechanical transmission of at least 76 %5, The
simulation shows that external rotor metors suffer from decreased efficiency, and are
mainly concerned with sccelerating and decelerating itself due to the high inertia of the
exnternal rotor motor constriction. In contrast to this, actuators using internal rotors show
the potential to achieve significantly better efficiency. As a key element of enabling this
eoncept, a novel wire gear was deseribed. With a weight of around 350 g and a high degree
of efficiency, it is an alternative 1o classical angular transmissions using bevel gears. The
verification of the actuator showed an overall degree of efficiency of planctary and wire
gear of 76 %, and was successful in demonstrating the feasibility of the concept. The
verification also showed a lifetime of 177,849 cyeles in a single test with a low wire force
of 150N, This result is the starting point for a much closer examination of the wire lifetime.
Sri.J. Balakrishna; Himamsu Marellapudi, N. Alivelu Manga [18]"]ot Based Status
Tracking and Controlling of Mator in Agricultural Farms™ The paper spoke about making
irrigation of crops much more easier for the farmers by interfacing the metor with an
androbd app and other sensors through 10T the farmer could irrigate his crops by a single
touch using the app, the major take away or key point to be noted is the fuct that the motor
was contrelled and operated ar will just like our project hence making the 10T interface
very similar if not identical. IoT i3 the web of devices and gadgets to transfer the data with
rigr or littke human intervention. Hence, 16 gain high coherence, 10T works in collaboration
with agriculture to obtain smart farming, In the 215t century, many agricultural industries
turned to adopting 10T for smart agriculture to improve efficiency, productivity, global
market and other features such as minimum time, human intervention, and cost ete. The
advancement in the technology drives the sensors 1o be more economic, relighle and small.
As the intemet is also globally accessible, smar farming can be achicved with full pledge.
Focusing on innovation in agriculture, smant farming is the panacea to the problems that
agricultural indusiries are currently facing, The solution can be produced using smart
phones and 10T devices. Farmer can get any required data o information as well a5 monitor
his agriculiural fizld.

Sweta V Parvati; K. Thenmozhi; Padmapriya Praveenkumar; 5 Sathish;
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RengarajanAmirtharajan [19]°IoT Accelerated Wi-Fi Robot controlled via Node MCLU™
This paper informed about designing developing and deploying a fislly functional robot to
perform certain tasks and hielp human beings, the eontroller and wifi module used was Node
MCL to give commands (o the robolin our app we are trying to achicve the sarme thing
except that instead of a fully sutonomous bot anly the knee region is our primary concern.
R Sharanys,R PunithavalliE Nands Kumar,[20]"Controlling speed of DT motor with
various load bearing capacities”, This paper has information about altering the speeds of
DC motor however desired and this i implemented using embedded programing b alter
the duty eycle of the inpit signal provided to drive the parficular motor hence the same
principle can be used to achieve reduction or incrementation of speed while performing
ACTHMS N O PEoj oL,

Huasong TangSiliang Lu,Gang Quain,[21]*Improving Electric Motor Performance by
Handling Inferference using 10T, Interferance to the motors often occurs in many places,
unforfunately the interference can't be predicted and decreases unit performance. This paper
prescnts a sysiem that handles interference based on the Internet of Things (IoT) for
improving motor performance, This informs the importance of an accelerometer sensor to
detect any failure in the motor and send feedback o the microcontroller. Three-phase
electric moter i5 the type of motor which is most widely used in industry and generation,
The motor converts electrical energy into mechanical energy as the driving force. The
consideration of using the three phase induction motor has simple construction which is
easy lo maintain, rotation i relatively constant with changes in load, low cost, high
relizbility and has a large power factor, The performance of & three-phase modor depends
on above mentioned electrical, mechanical and suvironmental parameters of the moted,
therefore controlling methods for high performancs three-phase motors are very sensitive
o motor parameters, Disturbances in three-phase eleciric motors often occur i the work
system of power plants, bt disruptions in thres-phaze electric motors are often
unpredictabbe and the result is decreasing the performance of the wark system of power
plants. Maintenance process at a power plant can't fast due o o very wide aren causing
difficulties for operators and technicians fo control the performance of the mator, hence the
failure of the modor operation can no longer be dented Damepes to the electric motor can
interfers with power genervtion equipment systems. Disturbances in eleciric motors such

Department of ECE, SMVITM, Bantakal Page % o
[ e R



PROVIDING KNEE MOVEMENT ASSISTANCE USING ANDROID AND 10T

25 high temperatures on bearings or motor bearings and motor windings. Electric motor
disruption can also be sourced from vibration bearings or motor bearings. When an increase
in temperature on a bearing or winding reaches a normal limit, it can cause damage. Electric
motor vibrations also affect the performance of electric motors when there is an increase in
the vibration value that reaches the normal limit on an electric motor. The actual location
for maintenance of the power plant can't be reached due to the large area of the plant and
limited equipment which is not stendby and causes difficulties for the operator and
technician to control the performance of the motor, therefore the failure of the motor can
no longer be denied. This system is intended o facilitate monitoring, control and FLM on
the performance of the motor to remain reliable under any conditions in which the IoT is
used for monitoring and controlling the three-phase motor to handle interference and avoid
the aystem failures.

Xisofeng Liv; Xu Zhou; Ce Liv; Jinsnmin Wang,[22]"An interactive training system of
motor learning by imitaticn and speech instructions for children."This paper presents an
interactive training platform of motor leaming using movement imitation and synchronous
speech instruction. This platform enables a child with autism spectrum disorder (ASD) and
a robot to imitate each other. A robot can ask a child to copy its action and instruct humans
how to adjust hisMer action 1o match its action. A robot can also ask a child to coach it,
which is able to elicit children’s response to increase their communication,the key point
however is the Fict that 1OT can be interfaced even to run the motor not only based on
tuch and mamual commands but also based on voice signals,

Shaik Masthan Babu; A. Jaya Lakshmi; B. Thirumala Rao,[23]"A stady on cloud
based Internet of Things: Cloud v T™. The Next Revolution in the era of computing will
be changing in comparison to traditional desktop. Many objects surrounding the human
users will be on the network in one form or in another form in the Cloud Computing and
Internet of Things framework. Cloud Computing and the Intemet of Things are twe
different technologies, these are into our daily life. Most of the surveys discussed the
literature work on Internet of Things and Cloud separately. This paper presents the need
for infegration of Cloud and Internet of Things, an agent-criented and Cloud assisted on
Cloud 10T paradigm which is based upon the layered reference architecture.

Moeen Hassanalieragh; Alex Page; Tolga Soyata; Ganray Sharma;|24] Mehmet q
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Aktas:“Health Menitoring and Management Using Internet-of-Things (ToT) Sensing with
Cloud-Based Processing”-Among the panoply of applications enabled by the Internet of
Things (10T}, smart and connected health care is a particularly important one. Networked
sensors, either worn on the body or embedded in our living envirenments, make possible
the gathering of rich information indicative of our physical and mental health. Capiured on
a continual basis, aggregated, and effectively mined, such mformation can bring abouwt a
positive transformative change in the health care landscape.

Agus Kurlawan,[25]"Effectively managing connected devices on AWS cloud using
1OT" this paper takes about management and effectively handling o large number of
sensors and managing them on the AWS server The AWS server itsell is the main key ping
highlighted as we are planning to setup the cloud service on AWS.

Abhishek Khanna and Priya Ranjan. [26] proposed “Solar -Powered Android-Based
Speed Control of DX Mator via Secure Blusioath”. The paper used app called as “BluzArd”
(1.0 version) which was built using MIT app inventor, This app can be downloaded for free
“This app can also be upgraded later and can add more new features o it with some specific
codes. We can even control 2 DC motars via Bluetooth with brand new Android app. For
controlling one DC motor, the app called "BlueTerm” can be uwsed. This app is perfect w0
control anything via Bluctooth. The motor can be rotated from O to 3600 degree.

K.S. Varsha , P. SudharshanPalaniappan ¢t al. [27] proposed “Speed and Direction
Control of DC Motor using Android Mobile Application™. In this paper among GSM, WiFi,
ZIGBEE and Bluetooth wireless connections, Bluetooth techaology is Emplemented.
Android mobile act 25 a transmitter and the signal is received by Bluetooth receiver
interfaced o Arduine which send data o the Blueiooth module and which in-tum run the
motor. The android application in the mobile phone is developed with the help of Android
Studio Software, Advantages of the proposed maodel are: Bluetooth consumes less power
than other devices. Androbd application is user-friendly Wircless communication 13
enhanced. Programming is simpler. Disadvantages of the proposed model are: Usage of
Bloetooth module makes the usage only within & short range. Usage of android app in
smart phones consumes more battery.

Advaith Sivakumar , Kshitij Ajay Jain et al.[28] proposed “Voice Controlled Serve
Motor wsing an Android Apphication”. The voice commands were caplured using an
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application built by author, which can be used with any android phone and is capable of
detecting the voice commands and sending them to the FPGA board as ASCIl codes. Two
buttons were designed in the application using Android Studic .One button is used to
connect to the available Bluetooth networks and the second button to activate the Google
speech 1o text AP that captures the audio signal and sends the converted commands over
Bluetooth to the connected device, Since the voice commands spoken by users can be
ambiguous, the author searched for certain keywords in the spoken senfence like fast, angle,
stop and start to estimate the command the user is trying to say. The correct ASCII
commands were sent across 10 the FPGA board after this and hence was able to control the
motor,

Daniel Sarb, Razvan Bogdan [29] proposed “Wireless Motor Control in Automotive
Industry”, Android studio provides free and easy-to-use tools, An application was buill on
this platform to control a motor. This application implies different interactions from the
user through the graphical interface while in background, it manages to process regquests
and sends data to the local server. Once the IP address and the pert number of the local
server are enlered, the speed and the direction of the motor can be controlled within a touch.
The number of rotations can be set by touching or moving a tachometer, or by using the
adjacent buttons which are designed using the software. The moving direction of the motor
can be set through a slider, They also designed a button which can be used 1o turn ofF the
mator power for safety reasons.

Deepashri K M, Sachidanand P B, Latha H.5 [30] proposed “Industrial Appliances
Centrol Using Android Mobile & Bluetooth Technology™, & model fo control the industrial
appliances using android mobile & Bluctooih technology, As the system proposed has
interface between Bluetooth and android smart phone provides easy operation with
maonitoring the parameters by wireless communication in real time. By using this system
the operator can continuously monitor the appliances so not to exceed the desired set point
ranges like temperature, intensity level and speed and direction of the DC motor, The author
has said that the system provides good control all over the appliances.

Mr. B. M. Patil et al. [31] proposed “Speed Conirol Single Phase Induction Motor Using
Android”. The system proposed controls the speed of the Induction motor, and also using

feedback network detects the temperature, high voltags, low voliage, MCB "iwitﬁ on
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account of any fauls. . The speed can be controlled from 0% to 100% as four different
speeds. The application is initially installed in the phone which uses Bluetooth device of
the android phone. Various types of control switches are designed in the application. The
Bluetooth modem i connected with micsecontroller which is used to decode the commard
sent by maobile, hence the mator is controlled. The paper also provides the codde used by the
author.

Jan Nidvornik Pavel Smutny]32] proposed “Remate Control Robot Using Android
Muobile Device™. In this paper the author has explained in detail how the app is built using
android studio, also mentioned about the user interfuce creation as well as display
resobution Le.. ow we can deésign the application to adagt to the devices with different
screen resolution . The application designed also gives the data {speed of the motor) of
multiple motors in @ singhe screen.

Rahul Knmar, Ushapreethi P et al. [33] proposed *Android Phone controlled Blustooth
Robot™, An android applicaticn is developed in the paper using MIT App inventor and a
Bluctooth communication is made with robot which interfaces with microcontreller to
control its speed and direction. Aim of the author is to design and control the motion of
rabat using Bleetooth device of an Android phone. MIT App Inventor (to build GUI for
Android application) is an zpp Inventor for Android. Using this MIT App Inventor the
author has designed the robot to control speed and direction. The detailed procedure of
using the software is mentioned clearly in this paper also has provided the code.

oo
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Chapter 3
PROPOSED METHODOLOGY

31, DESIGN OVERVIEW
An aluminium 7075 alloy is moulded in the shape of a typical knee brace providing a 12 inch

circumference for the arrangement so as to comfortably accommedate the knee. An adjustable
Velero is also tied and can be lonsened if the user feels uncomfortable, The thickness of the
material will be around Smm so as to optimise and keep a balance between strength of material
without adding unnecessary weight, A micro controller and driver 1C will be placed on the
side of the mould so0 as to give signal to the moter. The high torque motor is placed at the sides
of the aluminium mould to facilitate expansion and contraction of knee joints.

WK E
FACELE A0

LMD SORON DEVICE

FOR LG

Fig | ; BLOCK DIAGRAM

The jaws of the knee braces can only support movenrent of the knee up to 90 degrees and not
beyand that, higher degrees of freedom can be obtained by using open design knee brace. A
device built using Lead screw mechanism is placed between the upper part and lower part of
the leg, which provides the necessary angle réquired for the movement of the leg. This device
is comtrol led wsing a mobile app. Mobile app has two features for leg movement, one using the
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button and another using voice command. The Bluetooth module is used for the communication
of mobile app with that of the motor.

3.1 COMPONENT DESCRIPTION:

L Body Material

Aluminium 7075 is an alloy, with zinc as the primary alloying element. It is used in the
framewaork to provide a strong exoskeleton and alse provide a suitable structure to help in
sharing of weight with the knee joint. Additionally strips of Gl are provided as basc
foundation and support on top of the atuminium alloy this also facilitates movement. The
variable length part outer body s made of 0,75 inch breadith and inner steel body also made
of steel is 0.5 inch breadth, the inner steel body is welded to the lead screw.

Fig 2. Body material

fi. Gear Bearing Dirive Systerm

Itis & combination of brushless DC motor and gearbox. It generates high torque to assist and
support in any kind of movement desired by the user like standing, sitting and any other
activities involving knes joint by providing a good degree of freedom. High-torque maotors
typically used in industrial settings have large masses and volumes due to their robust housings
and heat sinks. In addition, these motors are typically fixed in place, leading to minimal
consideration of weight in their design. However, for implementation into a powered prosthetic
leg, it was necessary for us to select a motor with high torque density, to ensure that our actuano:
could produce the required torque while remaining as light as possible. So, we have chosen a
motor with 30 RPM 12V DC motor with metal gearbox, 18000 RPM base motor Bmm
dinmeter shaft with M3 thread hole Gearbox diameter of 37mm Motor diameter of 28 3mm
63mm without shaft, Shaft length 30mm, 1 80g weight 32Kg/em holding torque, 500mA no load
current, load current max up to 7.54,

-
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Fig 3.Geor Bearing drive system
Current controlled Drive:

This motor comes with a current controlled drive for Industrial grade high torque de motor
with various types of input signals. High-Current DC Constant-Torque motor drive is
integrated with the motor. Motor spesd control interface via UART, [2C, PPM signal and
analog input, Spead control Is podaible In both dirsctions down toe almost 1% of max. Speed,
Small package and integration allows for easy installation and operation, Speed can be
controlled using a terminal or MCLU via simple UART commands, [2C master device can
control multiphe RMCS-210x via simple I2C command structures, An BC receiver or any PPM
source can directly control the speed of the motor. An analog signal or fixed analog woltage
from a potentiometer can directly comtrol the speed of the metor,

iil. ATmegad28F

The Arduine Uno i an open-source microcontrofler board based on the microchip
ATmegad2&F microcontroller and developed by Arduino.c.c. The board iz equipped with sets
of digital and analog input/output ping that may be intérfaced fo variows expansion boards and
other circuits. The board has 14 Digital IO ping & analog 1O pins, amd is programmable with
the Arduine [DE (Infegrated Development Environment), The Arduine'Gensing Une has o
nember of facilities for communicating with a computer, another Arduwino'Genumo board, or
other microcontroflers, The ATmepad28 provides UART TTL (5V) serial communication,
which i available on digital pies 0 {RX]) and | (TX) An ATmegal8LI2 on the beard channels
thig serial communication over USE and appears a5 a virfuel com port to software on the
compater. The 1602 firmware uses the standard U'SB COM drivers, and no external driver is
needed. However, on Windows, a .inf file is required, Arduino Software (IDE) includes a
serial monitor which allows simple textusl data to be sent to and from the board, The BX and
TX LEDs on the board will flash when data is being transmitted via the USB-to-serial chip

s
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and USH connection to the computer. A SoftwareSerial library allows serial communication
o any of the Uno's digital pins.

Fig 4. Arduino UND

v,  Bluetooth module (HC-05)

HC-05 is a Bluetooth module designed for wireless communication . Bluetooth serial modules
allow ali serial enabled devices to communicate with sach other using Bluetooth, It ranges up
tir less than 100m which depends on transmitter and receiver, almosphere, geographic & urban
conditions, It uses serial communication to communicate with devices. It communicates with
a microcontroller using a serial port (USARTLI is used for many applications like wireless
headset, game controllers, wireless mouse, wircless kevboard and MANY More consumer
applications. It is IEEE 802.15.1 standardized protocol, through which one can build wirsless
Personal Area Network (PAMN), Tt uses frequency-hopping spread spectrum (FHES) radio
technology to send data over air.

Fig 5. Bluetooth module [ '|
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v,  MIT app Invenidor

MIT app inventor is used o create an Android app which will be used by the user to provide
instructions to the Arduino through Bluetooth o carry out the desired motor functions. MIT
App Inventor is an intuitive, visual programming environment that alkows everyons o build
fully functional apps for smartphones and tablets. The MIT App Inventor user interface
includes two main editors: the design editor ond the blocks editor. The design editor, or
designer, is a drag and drop interface to lay out the elements of the application’s user interfuce.
The blocks editor is an environment in which app inventors can visually lay out the logic of
their apps using color-coded blocks that snap together like puzzle pieces to describe the
program. To aid in development and testing, App Inventor provides a mobile app called the

App Inventor Companion that developers can use to test and adjust the behaviour of their apps
in real fimae,

Fig toapp design
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Fig 7.Flowchart
A wearable brace is fabricated or moulded in the shape 50 a5 to cover the upper and lower
regions of the knee joint 50 as to facilitate free movement but also provide support when
required. A Velero or adjustable belt is provided 1o facilitate any knee size, The major
component facilitating the movement of knee and movement assistance are the small yet high
lorque miotors, these motors when rotated in clockwise direction helps in sitting down or
actions involving bending the knee, when tumed counter clockwise it assists standing up or
actions involving stretching of knee joint, The controlling of the motor is done using a user
friendly android app which has standard commands fo actuate the maotor, 10T acls s an
interface between the hardware component and the software aspect of android, to efficiently
control and manage the entire system, The device is connected to the mxtor through Bluetonoth
as per the convenience of the user. The nedal centre or the operation s initisted by the user
when he/she selects the desired operation on their android mobile, the signal s received by
the Bluetooth module this i tum sends a signal to the microcontroller device installed, The
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microcontroller then sends a signal to the motor through wires to rotate in the appropriate
direction. The rotation of the motor is directly related to movement of the metallic joint
attached to the kres brace through a mechanism called “Lead screw mechanism” Additionally
the spp also provides emergency contact to medical staff and family members in case of any
mishap.

Lead Screw Mechanism:

This is o simple machine that can generate very large forces. The screw can be thought of as
a wedge or ramp that has been wrapped around a shaft. Holding a nut and rotating the shaft
will allow the nut to slide either up or down the shaft via the key. In this way, a relatively
amall moment on the shaft can exert very large forces on the nut. Lead screws are commanly
used in linear actuators, machine slides such as machine tools, vices, presses, and jacks. Lead
Screws are made in the same way s other thread forms. They can be rolled, eut or sanded. A

lend screw uses the helix angle of the thread to convent rotary motion into linear motion,
combining a scréw and nut with the serew thread in direct contact with the nut thread.

Fig 8 Lead serew mechanism
The above demonstrnted lead screw mechanism 15 wsed to obtain the required force 1o

overcome the weight of the person, the arrangement is connected in a linear fashion, diagonally
from the upper thigh to the lower thigh, when the maotor rotates the length of the lead screw
either increases or decreases based on the direction of rotation, the increasing length facilitates
the stretching of the leg or in this case the person transiting from sitting posture to standing
posture, on the other hand the rotary motion on the oppozite diréction resulis in the decreass in
length of lead screw which in turn signifies the fransit bepween standing to sitting posture as
length between the upper and lower thigh is less in sitting posture.

LIl
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Chapter 4

RESULTS AND EVALUATION

Our wearable smart device assists in sitting and standing wsing the Lead Screw
mechanism. This is achieved by receiving input from the user through an Android app,
which has been developed. The app instricts the microcontrofler 10 aciuate the motor in

desired direction and speed to help in movement.

KMNEE ANGLE CALCULATION:

Fig %: Knee Angle

Table 1; Formula

“Knee angle = (I80-021) + B43......{1)
If 621 =643 the knee is Flexed.
IFB2E =843 the lknee ls Extended.

Above equetion gives (he information of knes angle. The angle between thigh and the calf is

obtained by using the above equation.

Tahke 22 Result caloulation 1

1] Action to be Theoretical Yaloe of angle(in Practically obained
M, performed degrees) Depres of freedomiin
degrees)
1 Sitting 90 85
2 Standing L&D 125
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Table 3: Result calculation 2
Theoretical force on knee | Assisted Value computed | Practical force obtained
(1.5*body weight in (45% of totaljin N in ™
kglin N
o0 40.5 15
Assuming body weight of 60Kg

The force that the knee experiences is 1.5 times the body weight, Theoretically our device
assists up to 45% of the total force on the knee, which equals up to 40.5 N far o person
with body weight of 60K ¢ . Practically our device can assist up to 35N of force.
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Fig 11: Sitting Position Fig 12: Standing Position
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Chapter 5
CONCLUSION AND FUTURE WORK

51 COMCLUSION

: Mavement and other normal action invelving the knee joint has been a very okl
problem since the beginning of mankind cspecially in old people.

3 This project has provided a better smart, effective and permanent solution to this A
old problem.

*  Old peaple will be able 1o stand, walk and live normally without the help of caretakers.
The App to control the movement and the device is user-friendly,

5.1 FUTURE WORK

*  Toenable the person to walk and do some day to day activities abong with sitting and
standing.

*  Making the device usable irrespective of the weight of the user,
Using lighter and stronger material to reduce the weight of the device.

T .
L TH
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.' Arduino Uno

: maeg ARDUTRO

T
- . S T8

== 'f_'ﬁ.'rqun 1 %:l I

LR R R 8 & % L 4L & & & & o}

#ﬁ@ﬂritﬂl! 'PLELE:
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Overview

The Arduine Uno is a microcontroller board based on the ATmegal28 (datasheet). It has 14 digital
input/eutput pins (of which 6 can be used as PWM outputs), & analog inputs, a 16 MHz ceramic
resomator, a USB connection, a power jack, an [CSP header, and a reset butten. It containg everything
needed to support the microcontroller; simply connect it o a computer with a USE cable or power It
wiith @ AC=to-C adapher or battery to get started,

The Une differs from all preceding boards in that It does not use the FTDI USB-to-serial driver chip.
instead, it features the Atmegalblz (AtmegaBU2 up to versicn R2) programmed as a USB-to-serial
conErter,

Beyisinn 2 of the Uno board has a resistor pulling the 8U2 HWE line to ground, making it easier to put
into DFL mode:.

Reyision 3 of the board has the following new features;

» 1.0 pinout: added S04 and SCL pins that ave near to the AREF pin and two other new pins
placed near to the RESET pin, the IOREF that allow the shields to adapt to the voltage provided
from the board. In future, shields will be compatibie both with the board that use the AVE,
which operate with 5V and with the Arduing Due that cperate with 3.3V, The second one is a
ot connected pin, that is reserved for future purpeses.

x  Stronger RESET clrouit.

+ Atmega 16U2 replace the BUZ.

“Uno" means one in Ttalian and is named to mark the upocoming release of Arduing 1.0, The Uno and
version 1.0 will be the reference versions of &rduing, moving forward. The Uno is the fatest in a series

of USE Arduino boards, and the reference model for the Ardulno platform; for & comparson with
previous versions, see the index of Arduing boards.

Summary

Microcontroller ATmeagal2sg

Cperating Veltage W {q
Input Yoltage (recommended) 7-12V _



Input Yaltage (limits) G-20Y

Cagital 1/ Ping 14 {of which & provide PWM output)

Bralag Input Pins b

DL Current per IO Pin 40 ma

D Current for 1.3% Pin S0 ma

Flagh Memary 32 KB [ATmegal2B) of which 0.5 KB used by bootioader
SRAM 2 KB [ATmegad2e)

EEPROM 1 KB {ATmegad2g)

Clock Spead 16 MHz

Schematic & Reference Design

EAGLE files: arduing-yng-Rev3-referance-desian,zip (NOTE: works with Eagle 6.0 and newer)
Schematie: ~mp-Reyi- i

Mobe: The Ardulng reference design can use an Atmesa8, 168, or 328, Current models use an

ATmegad2B, but an Atmegad is shawn In the schematic for reference. The pin configuration is identical
on all three procsssars.

Power

The Arduino Uno can b pawered via the USB connection or with an external power supgly, The power
spunce | selected automatically,

External (non-USB) powes can come either from an AC-to-DC adapter (wall-wart) or battery, The
adapter can be connected by plugging a 2.1mm center-positive pleg into the board's power jack, Leads
from a battery can be inserted in the Grd and Vin pin headars of the POWER connectar.

The board can operate on an external supply of 6 to 20 volts, If supplied with less than TV, howeaver,
the 5V pin may supply less than five volts and the board may be unstable. If using more than 12V, the
voltage regulates may overheat and damage the board. The recommended range is 7 to 12 volts,

The power pins are as follows:

* WIN. The input voltage to the Arduing board when It's using an external power source [as
opposed to 5 volts from the USE connection or other regulated power source). You can supply
wodtage throwgh this pin, or, i supplying veltage wia the power jack, access it through this Pk

* SV.This pin cutputs a regulated 5V from the regulater on the board. The board can be supplied
with power either from the DC power jack (7 - 12V), the USB connector {5), or the VIN pin of
the board [(7-12V). Supplying voltage via the 5V or 3.3V pins bypasses the regukator, and can
damage your board. We don't advise it.

* 3V3, A 3.3 voit supply generated by the on-board regulator. Meximum current draw is 50 m.
=  GMND. Ground pins,

Memory

The ATmega328 has 32 KB (with 0.5 KB used for the bootioader). It also has 2 KB of SRAM and 1 KB
of EEPROM {which can be read and written with the EEPROM library).

Input and Output

Each of the 14 digital pins on the Uno can be used as an input or output, using pinModel ],
digitalrite(l, and digitaiFead() functions. They operate at 5 valts. Each pin can provide gr receive a

maximum of 40 ma and has an intemal pull-up resistor (disconneckad by default) of 20-50 kOhms. Tn
additian, same.pins have specialized functions:

* Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit {TX) TTL serial data, These gins
are connected to the cormespending pins of the ATmegaBU2 USE-ta-TTL Serial chip,
*» External Interrupts: 2 and 3. These pins can be configured to trigger an interrupt on a low

value, a rising or falling edge, or a change in value. Ses the attachinterruptl) function for
details.

=  PWH: Jr 5‘.! Er gr m’ and 11. Pme E-bik PWHM Dum with the ﬂﬂﬂmﬂ[} runﬂ-iUI
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= SPI: 10 (55), 11 (MOSI}, 12 (MIS0), 13 {SCK). These pins support SPI communication

o uging the SPI library.

= LED: 13. There is a built-in LED connected to digital pin 13, When the pin is HIGH value, the
LED is on, when the pin is LOW, it's off.

The Uno has § analog inputs, labeled A0 through AS, each of which provide 10 bits of resolution {i.e.
1024 different valwes), By default they measure fram ground bo 5 volts, though ks it possible to change
the upper end of their range using the AREF pin and the analogReference() function. Additionally, some
pins have specialized functionality:

« TWI: A4 or SDA pin and AS or SCL pin. Support T'WI communication wsing thie Wire librarg.
There are a couple of other ping on the Boand!

= AREF. Reference voltage for the analog inputs, Used with gnalogReference{},
» Reset., Bring this line LOW to reset the microcontroller. Typically used to add & reset button to

shields which block the one on the board.

see also the mapping between Ardying pins and ATmega328 ports. The mapping for the Atmegas,
1o8, and 328 is identical.

Communication

The Arduino Unao hes & number of Facilities for communicating with a computer, another arduing, or
other microcontrollers. The ATmega328 provides UART TTL (5Y) serial communication, which is
available on digital ping 0 [RX) and 1 (Tx), An ATmegalsu2 on the board channels this serial
communication over USE and appears as a virtual com port to software on the computer, The “16U2
firmware uses the standard USB COM drivers, and no external driver is needed, However, on Windows,
a.inf file s required. The Arduino software includes a serial rmonitor which allows simple textual data to
be sent to and from the Arduinc board. The RX and T LEDs on the board will flash when data is being
transmitted via the USB-to-serial chip and USB connection to the computer {but not for serial
communication on pins 0 and 1),

A SoftwareSerial library allews for serial communication on any of the Uno's digital pins,

The ATmegad 28 also supports 120 (TWI) and SP] communication, The Arduino software includes a
Wire library to simplify use of the 12C bus; see the documentation for detalls. For SPI communicaticn,

use the SPI library,
Programming

The Arduine Une can be programimed with the Arduino software (download), Select "Arduine Une from
the Tools > Board menu (according to the microcontroller on your board }. For details, see the
reference and tutorials.

The ATmegalls on the Arduino Uno comes prebumed with & bootigader that allows you to upload new
code to it without the use of an external hardware programmer, It communicates using the original
STES00 protocel (reference, C header files).

You can alse bypass the bootloader and program the microcontroller through the ICSP (In-Circuit
Serial Programming) header; see these nstructions for details,

The ATmegalGU2 (or BUZ in the revl and rev? boards) firmware source code is available | The
ATmegalbli2/8UL Is loaded with & DFU bootloader, which can be activated by:

¢ On Revl boards: connecting the solder jumper on the back of the board {near the map of Ital
&nd then resetting the BU2, : el

= On Revi or later hoards: there IS a resistor that pulling the BUZ/16U2 HWE line to ground,
making it easier to put Inta DFY mode.

You can then use Aimel's FLIP software (Windows) or the DFU programmer (Mac 05 X and Linws) to

load a new firmware. Or you can use the ISP header with an external proara -
DFU bootloader). See this user-contributed tutorial for more lnfurmaﬁsn_g mmer (overwriting the

Automatic (Software) Reset q}'}".iﬁ}

MY



Rather than requiring & physical press of the reset button before an upload, the Arduing Ung is
designed in a way that allows it bo be reset by software running an a connected computer. Gne of the
hardware flow control lines (DTR) of the ATmegalU2/16U2 is connected to the reset line of the
ATmega3 2B via a 100 nanofarad capacitor, When this ine is asserted (taken low], the reset line drops
long enowgh to reset the chip. The Arduing software uses this capabllity To allow vou to upload code by
simply pressing the upload button in the Arduino environment. This means that the boatioader can
have a sharer timeout, as the lowering of DTR can be well-coordinated with the start of the uplead.
This setup has other implications, When the Uno is connected to either & compuber running Mac DS X
or Linuwx, It resets each time a connection is made to it from softwane (via USB),. Fos the following half-
second of 80, the bootlsader is running on the Uno, While it is programmed to ignare matformed data
{i.e. anything besides an upboad of new codel, it will inbercept the frst few bytes of data sent to the
bpard after & connection is opened, If a skebch running on the board receives one-time configuration or
other data when it first starts, make sure that the software with which it communicates waits a second
after opening the connection and befare sending this data,

The Unc containg a trace that can be cut to disable the auto-reset. The pads on either side of the irace
can be soldered together to re-enable it [t's labeled "RESET-EN". You may also be able to disable the

:uh:l-lreset by cannecting a 110 ohm resistor from 5V to the reset line; see this forum thread for
etails,

USE Overcurrent Protection

The Arduino Uno has a resettablie polyfuse that protects your computer's USB ports from shorts and
overcurrent. Although most computers provide their own internal protection, the fuse provides an extra
iayer of protection. If more than 500 ma is applied to the USE port, the fuse will automatically break
the connectsocn untll the short or overoad is remowed,

Physical Characteristics

The mazimum length and width of the Uno PCB are 2.7 and 2.1 inches respectively, with the USEB
connectar and power jack extending beyand the former dimension, Fowr screw holes aflow the board to
be attached to a surface or case. Note that the distance between digital pins ¥ and 8 & 160 mil
{0.16%), nat an even multiple of the 100 mil spacing af the cther pins.
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RHINO MOTION CONTROLS
RMC5-210X

High-Torque DC Motor and Driver {Max. 13\Vdc and 7A)
UART, 12C, PPM and Analog input interface

Key Features
& 10RPMG0RPM, LOORPM, 2008FH, I00RPM, G00RPM, O00RPM High-Torque DC Motor
Metal Gearbox and Gears
1B000RPM base motor
High-Current DC Constant-Torque motor drive integrated with the motor
Motor speed controd interface via UBRT, 12C, PPM signal and analog input
Speed control possible in both directions down to almost 1% of max, speed
Small package and integralion allows for ezsy installation and operation
Spesd/Motion can be controlled wsing a terminal or MCLU via simple UARTYIZC commands
12C master device can control multiple RMCS=210% via simple 12C command structures
A RC receiver oF any PPM source can direckly control the spaed of the motar
An analeg signal or fixed analog voltage from a potentiometer can directly coatrol the speed of the
motor
Max=speed setting to limit the maximum speed of the motor
» Damping 2etiing to damp the change in speed on the motor for smoother operation

Description

Thank you for purchasing RMCS-210¥, High-Torque DL Motor and Driver, RMCS-210X is Rhing Motion
Contrals introductory DC motor control solution designed for easy installation and operation with multiple
different interfaces.

The RMCS-210% integrates a High-Torgue OC motor with 13000RPM base mator and Metal Gearbox and
Gears for 10RPM, GORPM, 100RPM, Z00RPM, I00RPM, BOORPM and 900RPM options, A high-current DC
moktar driver and control inkerface ks mounted on the back of the motor,

The BMCS-210% offers motor speed control via UART, 12C, PPM input signal and a simple analeg voltage
input,

Technical Specifications

Specification Btin bax it Comments

Supply Voltage 11 13 Walts DT Batween V4 and GHD

Current 0.5 7 Amps No-load to stalled condition

Input Signal High Yoltage & [ Vols DC . With respect to GND!

Input Signal Low Voltage Q 1 WVolts OC With respect to GND |
UART Baiwd Rate =3 gE00 bps. For UART Interfaca’

12C chock fres. 1o 200 kHz For 12C interface

Ambient Temp. 0 70 Celsius Oparating Temperature

Humidity 0 953 Non condensing [
Analog Input Voltage 0 g Vilts DC .| FarAnalog Voltage interface |
PPM Pulse Width GO0 2400 Ligee For FFM signal interface |
http:ffwww.rhinome.com
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RHINO MOTION CONTROLS
RMCS-210X

High-Torque DC Motor and Driver (Max. 13Vdc and 7A)
UART, 12C, PPM and Analog input interface

Mechanical Specifications

Specification Details
Damenssans (L™ W ™ H} 110mm * 50mm *55mm |
Waight 250grmse
Caution
* Read this document carefully before installing and using this product
=  Tnputs voltage to the drive must not excead the maximum of 13¥DC or it may damage the drive
= Reversing polarity power supplied to the drive will damage the drive or power supply
= Excess humidity or condensation on the drive may damage the drive
= Aoltage in edoess of 7V on the input terminals may damage the spaed controfler
=  Reverse voltage in excess of 7V between the input terminals may damage the controllar
=  Keep the motor and drive in a ventilated or cool bemp.
=  Make sure the supply Is wall regulated and there is minimal voltage ripple
-

Dusconnection of PEM, UART, 12C or analog interface while the motor 18 in motion will not stop the
rrator, 1t will continue bo rotate at the last speed specified by either inkerface

Power and Input Terminal Assignments

Terrminal Na. Terminal Mame Wire Codor Desiription

Terminal 1 GHD BLACK Ground should be connected to negative of supply of battery
Terminal 2 SCL/PPM/Analog BROMWN 12C clock / PPM input signal / Analog Voltage Input
Terminal 3 ShASAnalog Sense RED : 12C Data / Anakog Input Sense

Terminal 4 UART TXD ORAMGE UART Data Transmit of speed controller, connect to RXD of hoct
Terminal 5 LIART RXD YELLOW UART Data Receive of speed controller, conmect o TAD of hast
Termina! & W GHEEM V+ should be connected to positive of supply or battery .
et L .
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RHINO MOTION CONTROLS
RMCS-210X

High-Torque DC Motor and Driver (Max. 13Vdc and 7A)
UART, I2C, PPM and Analog input interface RHINO

Motion Control Signal Connection UART
To control the speed of RMCS-210x% via UART from a PC, MCU or Host device refer to the connection
diagram below, In case of PCa RS5232 level converbtor must be used as UART works on TTL. The TXD line

from the RMCS5-210x must Be connaected to the RED line from the Host device ar controlier and wice werss
for the TXD line.

[l f B RMCS- 210X
45 7
Wi 1 TOASUGE|
UART TED UaKT wxl
UATT FLEE v LART. TEDx

EaaeE
DL

| GHE oM

RO A e N R

e 33V, ¥
DA PURLD | ol

Motion Contrel using UART

The ideal way to use the UART interface of the RMCS-210x% iz with a tarminal software like hypeer-terminal,
putty, ekc, The UART interface works at a fixed baud rabe of 9600bps. The UART signals must be TTL leaic
compotible.

The UART interface on the RMCS-210% prompts the user for a command variable and decimal value string.
To set & value of a variable the pser must provide an integer decimal value following the command code,
To read/display the value of a variable the user must give the command code and immediately follow it by
line feed and carriage return, The UART command processor will return the value of the vanable, The
eammand list and value range are as follows.

Command Description Walwe Minimum Value Maximuwm
g ReadMWrite Motor Speed and Direction -255 +255

" Read/ Write Motor bax Speed 0 255

o Fead/Write Speed Damping i 255

3 Read Write 12C address 1] i irg

! Load Defauit Values of Speed, Max and Damp - .

The motor rokation direction is specified by the '+" and *-' characters before the speed value. "-255" and
* 458 mre maximums in either direction while the motor will remain at stand still at "0 The following
snapshot depicts narmal usage of UART commands to contral the speed and motion of the motor, Here
the 'S" speed command is first used to read the speed which is initially *0° at startup. Then the motor is
commanded to move at @ speed of 100" in the forward direction and then at the same speed but in the
reverse direction by the value of *-100°, The usage of the ‘M’, 'D" and "E’ are simillar.

http:ffwww.rhinomec.com
http: /fwww, rhinomotioncontrols,com Page 4
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RHINO MOTION CONTROLS

RMCS-210X%

High-Torque DC Motor and Driver (Max. 13Vdc and 7A)

UART, [2C, PPM and Analog input interface RHINO
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Motion Control Signal Connection I2C

RMCS5-210x |5 and [2C slave device with default slave device address of 0x10 (hex) or 16 is decimal. The
I2C clock and data lines must be connected to the 12C master line on a heat device or controller, The 12C
master device must pull-=up the [2C lines with 4.7k0hm resistors.
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RHINO MOTION CONTROLS
RMCS-210X

High-Torque DC Motor and Driver (Max. 13Vdc and 7A)
UART, I2C, PPM and Analog input interface

Motion Control using 12C

BMCS-210x% is an 120 slave deviee with & default [2C address of 0x10 [hex), decimal "16%, 12T is the
easiest communication technigue If multiple RMCS-210% or (2C devices are to be controlled from the same
RZCcontrod master.

The 12C interface on the RMCS-210x will receive the command variable number followed by the value that
should be written to it. Value format is & 2-byte signed integer representation and it follows little-Endian
byte ordering. The value can be read out immediately after performing a write command using the
repeated start command or by the next read command. During the 12C write command if exactly 2 Bytes
are not received after receiving the command varable the RMCS-210x [2C interface will not write that
value to the variable. This is useful to read the value of a variable without having to update its value,

The command list and value range are as follows.

Command Byte Description Value dinemum Value Maximum

0 Direction Read/Write Motor Max Spead 0 255 '
1 Read/Write Motar Speed and -255 255

2 . Read/Write Spead Damping 0 255

Here is an example usage of updating the speed variable on the RMCS-210x to forward 255, We will
assume the default slave address of 16,

12C_Start{0=10 + O); [/ =and the slave address of the RMCS-201x and wrnte bit 0
[2C_Write(1): ff send the command variable for speed

[2C_Wrike{255); [f send LSB of 255

12C_write(l); S send MSBE of O bo and s0 Speed of forward 255
12C_Stopl); M send 12C stop

Here ks an example usage of updating the speed variable on the RMCS-210x to reverse 255 and reading It
back. We will assume the default slave address of 16,

12C_Stark(0x10 4+ 0); /i send the slave address of the RMCS-201x and write bit O
12C_Write{1); /i send the command variabte for speed

12C_Write{1); Jf send LSB of 1

120 Write(255]; S send MSE of 255 to and so Speed of backward 255
12C_Rep_Start{Dx10 + 1} M/ send 12C address with rep start and 1 to read
speed = 12C_Read_ack(); /4 read speed LSE byte and ack

speed = 120 _Read Mak{); /i read speed M5B byte and don't ack

120 _Stop(]; {f send 12C stop

httpiffwww.rhinomc.com
http://www.rhinomotioncontrols.com Page &
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RHINO MOTION CONTROLS
RMCS-210X

High-Torque DC Motor and Driver (Max. 13Vdc and 7A)
UART, 12C, PPM and Analog input interface

Speed Control Signal Connection for Analog Input

The speed of the RMCS-Z210x motor can be controlled using via an analog woltage from a supply, Digital to
Analog Converter, a fixed resistar divider or a potentiometer,

To enable the analog signal input to the RMCS-210x the SDA/Ans analeg Input sense must be at 2.5V +/
0.5%. This can be produced by comnecting a resistor divider between UART TXD and GND.

An analog signal for speed control can be produced by putting & potentiometer between UART THD and

GND and connecting the center terminal of the potentiometer to the SCL/AR analog input line of the
RMCS-2100,

The analog voltage ramge for speed control is from OV to 5V DC. The motor speed will be zero at the
center voltage of 2,5V,

* LART_TXD RMECS-2102%
H1
1Pk V+{11 TD 15VDC)
. UART RXD
—— UL UART TXD
iy [ T ; IR - i W |\ SDAANS
16k b
* 5k 10 180k SEtfin
GND
) 2M0 /
pttp ./ fwww, rhinomotioncontrols.com Page 7
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RHINO MOTION CONTROLS
RMCS-210X

High-Torque DC Motor and Driver (Max. 13Vdc and 7A)
UART, 12C, PPM and Analog input interface RHINO

Speed Control Signal Connection PPM Signal
RMCS-210x motor speed can be controlled wsing via a PPM signal from any PPM generator ke a wiraless
PRM maceiver, Serws contradler or & rmicro-contraller [0 pin.

i B RMCS. 210K
[0 fat o b

Wait TD Do)
EshDRT LUGRT BT

= LERT TEO
Erim FCAANE
PR SHEMAL SCLifia

WL ISTIRFLY,

*
0 FUSED: -

To anable the PPM signal input to the AMCS-210x the UART THO and UART RXD lines of the AMCS-210x
must be shorted together, Remember to power = off and power = on BMCS5<210x after shorting RXD and
TS,

The FPM signal pulse width must range from 600us to 2.4ms, The motor speed will be zers at BPM pulse
width of 1.5m3,

Maxspeed and Damping

Maxzspoed sets the meximum speed at which the maotor will motate in forward or reverse direction. The
speed will drop off linearky to 0 from the max speed. For example a max spead setting of 100 and speed
getting af 100 will retum a true speed of 39,

Damping warable a5 a3 limic on how quickly the true speed and change based on its cwrrent value. It
allows for smooth ramp Wp end down for speeds and removes jerks and clicks in the aysbam.

Please note that maxspeed and damping can onby e modified wla the [2C and UART interfaces. But, they
will affect the motion in both the analog and PPM interfaces,

hitp. ffwww, rhinomc.com
http:/fwww, rhingmotioncontrols.com Fage &
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RHINO MOTION CONTROLS

RMCS-210X

High-Torgque DC Motor and Driver (Max. 13Vdc and 7A)
UART, I2C, PPM and Analog input interface

Speed range for different interfaces

Irtarface Rewerse hax Speed Forward Max Speed fdotor Stand-Shll input Linits

LIART 155 155 0 Ascii Values |

12¢ 255 255 0 Signed integer 2's. |
complent

PPM 05 2.4 15 ms :

Analog a 5 25 Volts |

Guide to General Problems

Problem Syrmpiam

Possible Reasons and Solutions

Befotod is not rotating

Erratic Motion on Motar ar Dirive Resets

Excessive Motor or Drive Heating

Power Supply Selection
A high-torque DC motor requires high current during startup and during high load or irregular load
conditions. The general rule of thurmb to make sure your power supply s adeguate for a DC motor s o
make suré it can supply the masimum current required by the motor during stall condition. For RMCS-
210X this |13 7 Amperes, This doesn't necessarily have to be Its continuous current capability but it should
be able to provide & pulse of 7 amperes during startup of the motor. Tt is also good practice to have

sufficient low -ESR decoupling capacitors on the output of the supply before you connect it to 2 DC motor
drive. This is to make sure Ehat the motor driver does not reset or Suffer from variations In speed due to

an insufficient or unregulated supgly.

Drive i nat powersd up
Comect Inputs are not being provided to update the motor speed
Power supply waltage not stable ar regulated |
Power supply not able to supply enough current to change the speed or

dirgction
Contral input sipnals are not connected properly or nat adequate
Control signal mtedference due to power supply or environmental nolss
Load on the motor |s excessive or irregular
Drive is damaged
Power supply voltage is tao high
Mot enaugh cooling or ventifation for motor ar drive

http://www.rhinomc.com
http:/fwww. rhinomotioncontrols.com Page 9
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RHINO MOTION CONTROLS

RMCS-210X

High-Torgue DC Motor and Driver (Max. 13Vdc and 7A)

UART, 12C, PPM and Analog input interface RHINO
Service and Support

Service and suppor far this praduct are svallable from the Rhira Mofion Conirols Web sita {Hitp Cessw riinemc com| and
o customear service emal info@rhinomc.com

Slx-Manlh Warranty

Rnino Mosion Comtrals (tiname.com) warrants ils products 8pains? defects in maserials and worsmanship for @ period of &
meoniha [rom shipman delary, During ihe warranty period, Rhing Modion Corfrals will eiher, al s ophon, mapar of
replase prosicks which proved b be delectivg,

Exclusicons

The abeve warrarly does not axtend b5 any product damaged by reasens of Improper or inadequate handlings by
customer, improper of inadequale cusiomer wirings, unauthorized modilicalion or misuse, of cperation bayend the
elecwrical specilicatians of ®e product andfor oparation beyond ervicnmenial specificatons for the product.

Obtalndng Warmanty Service

To oblain waranty Service, pleass conlacl cur customer service deparment at info@rhingme.com bafora returning
product Tor service, Plaase make sure fhal you have gone through Sis eatire instaflalion manual and dalasheat befare
daciding thal your praduct is lable lar replacament o repair under this G-manth warrarty Customer shall pregay shipping
chargas for products metumed to Bhing Motan Controlis Tor waranty senvics, ard Aning Metien Conkols shall pay o
return of produsls i cuslomer.

Warranty Limitations

Rhina Mation Controls makes no other warranty, either expressad ar impled, wilh raspact i the product, Rhino Mation
Controls specically disclaims the implied warantes of memhantability and fitness for @ particular purpose. Some
jurisdictions da nol allew limitaticns on how long and mpfed warranty kasis, so e above lim@ation or exchasion may not
apply to vou. Howewar, any implied warranty of marchartabdity or finess is imiled 1o the G-month. duralion of Sis writtean

WETEY.
Disclalmar

Crogyrighl @ Alino Motion Cortrols, 2012

Negher tha whale ner any part of tha informatian comadred in, or The product deecribad Inihis manusl, may be edapted or
repraduced in any material or clectrenis lorm withou the price writen consent of the copyright hoides,

This proguct and s documentaton an supplied on an as-is basis and no warranty as to thair sullabiity for any parficular
pUrpase is either made or mpled.

This document provides prelimnary information that may be subject to changa without nofica.

it/ wene . rRinomc, COrm
hittp:/fwwne, rhinpmationcontrols.com Page 10
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| Model Number
RMCS-2108

High Torque DC Geared Motor 30RPM with Driver

d/M&’:%:al Drawing (Dimensions are in mim) //' )

@31

10RPM LIEH.EFI'IITI
¥ 30RPM LaZ8.5mm
GORFM L=26.5mm

1008FM | L=2&.5mm |

' 200RPM | L=2Smm Ll &
_SDOAPM | L=25mm
GOORPM | L=22mm
=i | S00RFM | L=23mm

Base Motor

Technical specifications of Motor
Motor Type ,a-"'_}\High Torque DG Gearad Motor
Dperating vollage Py 12V DG
Motor Speed at Output Shafi (RPM]_] [ . 30RPM N
Stall Torque{Kgem) ,_( ® EEHgm'n{Gaarhmr. Breaking Torqu jg_.@' %J‘\bij:}
Rated Tﬂfquﬂ{“gﬁ'ﬂk\ - 21 l'-’.gm'n '}J
Gear Fﬂtl U 1 (5«1 :
wmgbt quﬂ ‘
Driver Pinouts Base I'ﬁutur Ep_e_:lﬁ;:at‘nnnt
Support UART/12C/PPM || [ Nominal voltage(v) 12V
{ Analog Signal MNo-Load Speed (RPM) 18000
GND Black Rated Torgue (gom) _ 151
—SELTPENT Eronm _ No-load curment (A) 0.8A ,
Arialog Load current(A) upto 7.5 AMax) |
SDA | Analog Red = 7

or Characteristic Eréﬂ

SHR s 1ZDe

”.".-f-.'..-" 1 [ _" --.||_'|!' .I




PUBLICATIONS

: | '.-:"I' VADMRAIY
LG R T A S ey

| S '..'-Ill:.l



Providing Knee movement

Assistance using Android and [OT

Aditys K', Gowri M?, Pranav K R', Namana® , Chetan B

Depaviment of Blecironicr and Commimicarion Englazeriag, Sirf Madhes
Vadirala Instinte of Technology and Manapesens, Fishwolfure Magar, Sarvaka’-
STe4 115, Udapl, Kanataia, felics
ndityn. 1 TecbO N nde-rdi in
g | o2 | Esode-eduin
‘oo, | Teold liisode-edu in
‘narmeza b Tecllil@sode-ed.in
Ieheipn acfisade-adu.in

Abstract— Aging ia living heings is s nemral process mod with
iging sac mcoandere challeages witk walking or standieg for lang
hoors. Cfhsalede solutiens like walking sticks do not provide
aalighactery and eective eelutions permanestly neithor can They
be imtegrated with smart feafures o Belp in physical sfiments.
Clur prapect aimy s provide 8 knng brace mads up of @lumdniom
slong with ihe device built weing bead sorew pochanism ailesbeil
in ihe legs for the movemesd of the begn This s mede passibic
wiimg 12V High Torque DC Geared Molor with 30 KFM snd I1
Kpg (Cm Raed torgue. Lead Screw Mechanism uses the power
genernled by (he milor (o Tesilitade mavemest. Ardulno Une with
the microchip ATmegaI2AF ceatrol the mater. The Bluetanth
misdule (HC05) helps in connecting the micrieatroller o ihe
Walk-Easy mobile app ereaced, The ¥alk-Easy app allows e
user o ai ar stand ssiag elther butinn: pravidod or thromgh vaiot
commund. The Mobile Ajijp iv integraced lar user convenlence,
thraugh which the moversent i sssssied a8 desived By ihe user,

walking <. On aglog our elderly encourter challenges in
walking, siandieg and sitling acthvilies. Through cxiensive
research and survey il B8 ﬁurﬂﬂm:.rmuﬂlﬁﬂlﬂpwpk
arcused the world, who are above 30 years of zge have serious
problems pelabed Lo knee joints. In India [5% of people are
already taking treaimesas for konee pain, which is about 13
crare people roughly. But a lot of peaple in India go loe
domestic modcne, Averveda e henee the phove number il
minimesm and on o rough eslimation will be double i 30%
or ghau] 36 erore poaople: Incaddition, it is an important fcl
that women wndeipo thede pairs & kol more freguently than
mez, ahout 10-20% mane 1],

An-orhoss 18 defined e o device designed 4o align, correct or
provenl neuromuscular e mescelaskelenl - dyvsfncion,
duemse, ingury or deformity. There nre variows deviess that
werelare umdér dovekopment and alvendy’ present for the

Keywords—  Knee  bruce, Lead strew imechunim, complications mestioaed. Seme of the dewices are, passive

Eluztooth nyodule, [ mador,

L INTRODUCTION

The B & one of the mast complex joints in the human
body. Hs inspomance in sinbilizng the body is evident in n
racape of activities, (o sveryday aciivitles sach as siendding,

arnvity balancing passive lep oribwsis [2], Powersd leg
Owthiaia [1], Hybrid Assistive Limb (HAL) [4), Rewalk |5]
and Ankie Fopt Orhosis [6] oic But dese devies ars
wﬂbﬂpﬂﬂﬁh.mﬁﬁmﬂmhiﬂuin STFE, DOEERLTIE
mars power, and are more expengive, kence st offordable,
Moreower, a persoa 15 nlways reguined to s up the devics,




The most efficient way 100 deal with dhis problem is by
overcoming the proviows dmwbacks ond o inculcabs rew
fieatures 10 design @ wenrable knes brace comprising of owmer
exoskeleson, Matar which is the driving force, Misrocontroller
o ncluste the device, Blusooth module as well as Wi-Fi
module to'nct as inberface bebween the amdrold spp and
wearabde device. The body ol the exeskeleian used i primarily
mesdi ol aluminium 7075 alloy as 0 i lighter in weighi and has
high srengih, ouphness, pood resisiance o figue and hos
significantly better comosinn resisiancs, Ciher heavy metals
are canvenlionally used, galvanised iron makes up ks bass o
siremgihen the marerial seel (3 aleo emploved on the movable
part fo provide rohusiness.

The proposed systern s acompact rolary series elaitic stsor
Far ke posnl assistive gystem, CHEEA 8 4 sysem with toesion
sping En @ chaln of spur gears and sorm gears which controls
the penerated dorque. A DC modor i wied which conieibaies o
miaximum spesd and eoque of B200rpen and 0,18 | Mm. CREEA
sysiem torgues wp o TLETHm. The basic prlﬂ[ﬁ[ﬂ-ﬂ: iEed in b
sysiem is that the reduced spesd reduction mbie abtained by
worm gedf and worm wheel maximises the torgue, While
gorsidering the reguiremenis such as precise and large inrque
peneration, back drivability, low puiput impedance, the system
gives good performance, But, since the torgue aemplificasion
ratia of Lhe worm geer is sensitive 1o the friction cosficient, @t
inrodies varishility 1o the sysiem model and reduces the
overall efficiency [34].

The knec-amkle orhotic meoqposates & low
rransmiselon ratin which produces a highes torgoe outpat, An
AL servo s used to provide o pesi lorgue of 7.XMem and speed
of Bl rpen. Since the devics weighs around 4 83kg, we can infer
that the overall desipn is not compacl. Besides. 1be system’s
reaponss fme 5 oo bigh due o fow spoed and ibe fEedback
mechznism in servd molor trying to cormect any drifl from e
degired posbibon, results in poor stability of the system [35]A
powered prosthetic leg designed, embodies high density
pctuasors which serves sovernd beneflis |k free swinging in

device

knee mation and compliznce with prourd, The mator used is
ILMEBSN2E moter kit with pesk torque rating of B3Nm and
velooity up o 15040 rpen  Additionally it & driven with motor
driver which bas a toled current of 7064, Aclive ke
rehobilftation orbotic devics is majorly crested to serve 3 8
gait rekahilitation devics for pativeds past soroke. B imadves
soveral  lechnlques o prevent  hyperiension  amongsl
individuals, Om comparing the mosors in [34]-{35], Geuar
bearing drive is a novel mechanism wsed in the system. GRD
is i eompact system which insegrases a brushless DC and gear

beaging. GBI is not o beavy system and i3 volume is % th o

the velume when compared with  achesfors in[34 )35 The
torgue rating of GBD iz 3.42Mm with rpm rafing of 266.Thus
Aue 1o fis compaciness we can infer that GBI proves o bea
navel technology that can be uiilized in nobotic orbosis
v s,

The microcomimsller employed 10 actunte the modee. is
Arduine Uno equipped with n high level programming feiliny
needed for deciding the degree amd tims for motor operation,
Receiving sipnals |5 & Bluzionth module or & Wi-Fi ol
independent of ane enother 5o as to provide convemenss o the
wser which s numigue sitempd made and i3 abasnt inothsr knee
brao.

Chal of he namerous wiy's fo cresde an App, An app can b
crested using android studio 10 contral the REM and directions
af the motor and alen bo contrel the motor theough volee [27-
Z] MIT app Invensor |5 easy 1o use In comparison wilh
androdd studin, Since it has a gmphical interface, conventianal
codimg b5 not required to crente an app, instead we cn drog and
drop the Enterface 1o be performed. This can he used Lo
ingerfacs the micracondroller with the motor and control the
RPM and directions through the Blustcoth madule [25] & [33].

ILDESIGN
A, Design Overview

An alemingum 7075 oy is moukded in the shape of a typlcal
knee brao: providing o 12 iach circumferesce for the




arrangemeni s as o combortably accommodme e knee. An
adjustable Velero is also tied ard com be loosened if the wer
fecks uncomfonable. The thickness of the materinl will be
proend Smim %6 m o apbmise and beep & halbsee belwied
srengih of moerial withoen ndding yrewcessary weight, A
microconirelier and driver BC will be placed on the side of the
miuld 0 38 W give sigral 1o the molor. The kigh forque mator
is placed # the sides of the alamivum mould o faciliahe
uxparsion and coniraction of kpee jolees,

BLOCK TRAGRAM

Fiz.1

The jaws of the knez hraces can anly suppost movement of
ihe knee up to M) degrees and nal boyood thal, bgher degrecs
of freednm can he abtained by wsing apen design knee brace,
A device built using Lead sereiw erechanisn is placed belwism
ihe upper part and lower pert of th bep, which provides the
necessary anple reguined for the sovement of the leg. Thes
device is canirolled using & mobile app. The Maobile app
designed with ten festures for leg moviemenl, the first feature
iz the bumons and the second featurs is woice command,
Through these features user can seguire hisher expested
movement.  The Bleewoth module B wsed for the
comnimusicaton of mobdle spgs. with that of the mator,

B. DETAILS OF COMPONENTS:
Bady Material

Ahiminium 7075 is an alloy, with zine as the primary
slloying element. 1t is wsed in the framework b providee o
strong exoskeleton rd also provide 2 suitable sirueiare 10
help in sharirg of weight with the Knes faint. Additionally
sirips of Gl are provided as base fendation and sappart
on op of the alumipium alloy chis alos Escifilale
miversent. The variabde length part outer body is made of
(.74 inch breadih and irner sdeed body alse mads of stecl
i 05 inch breadth, the mner siezl body & welded (0 (b
kel screve,

Genr Bearimg Drive System

GRD s a fugdon of bruskies [0 motors and gearhox. [
generabes high torque o asisn and support inany kind of
mavement desired by the wier ke sasding. sitting and
my other activities invelving knee joinl by peoviding a
pood degren of Freedom. Our achater could produce the
reguited 1ongue while remainisg ad light as possible. We
have chosen @ modor with 30 BPM 12V DC medor with
mital pedrbos, IEHN BPM - base modar Smm diarmeter
sraft with M3 thread hole Gearbox diameter of 3Tmm
ot digmeter of 285mm with Shafl length af 30
mm, | 8g welghe, T2 picm bolding beogue, 300mA na lnad
carent w5 |oad cument mex up 1o 7.5,

Ciarrenil conlnolied Drive:

This modor comes with & cevent controlked drive for
Inuftrial grade high torque de mosor wiil various iypes
ol rput sigrals. High-Currem DE Cosstan-Torque mokor
drive is integraged with the maoior, Polor spesd contral
interface vin UART, 12C, PPM sigral and analog inp,
Speaid comiral is possible in both directions down ko almos.
1% af iy, Spesd, Small package ind intogration allows
for easy motalbsfon and operslion, Speed @ he
copanlled wEing & vermined or MO via simple UART
commands, [2C masier device n moiral multiple
RMICE-1 B0y v simple [2C command siructures, An BC

U TR OE ToeHsl L a:



receiver or any PPM source can divectly control the speed  invalving berufing the knee, when tumed counter elockwise
of the motor, An asalop signnl or fixed anabog woltage il assists in standing up o actions invalving streiching of
from a potentiometer can directly control the speed of the  knes joing. The controlling of the mator is done using 2 user

mOE, friendly android spp which bas stendard commards o
pelusie the maolor, 10T &2 as on inferfice bovwesn the
Mohbile Application Design hardware component and the softwane nspect of androld, 10

efficiently control and manege the entire sysiem, The device
in conmected Do e modor theough Blusicoth o per the
conveaicnee of the user. The nodal cemtre or the oporatian is
initiated by the user when hetshe selects the dexired cperation
an- thelr andraid molile, the signol 5 recoived by tbe
Blueiooth module this in um seeds a signal oo the
microcomiruller devics installed, The microcontraléer then
sends a signal 1o the motor through wires to rotate in the
appropricte: direction. The rotation of the motor is dirsoly
retated in movemend of the carbon reinforced aluminium
joing nttnched to the kres brace through & mechanism called
=Lead sceew mechanlsm™, Additionally thy app ales provides
emesgency conlect o medical stalT and Family members in

MIT app inventar is used g create an Andoid app which
will by used by the wser 10 provide metructions o the

Archibng thraugh Blestcath to camry out the desired mator
fmcliors.

'ﬂ'l"|fl Il"l 'I..I' \.I LB

case of any mishap.
: 1L LB LA, B L = ) ol A
| W
Fig 2Apn Design |
" i LS [
METHOMYLOG Y
A wearabie brace ks fbricobed or mosdded (n s shape 5o as reper iy
= 'm""m' CiIOTATH B fafee s
tp-cover the upper and lower regiens of the knee jolm so as o i
in facilitate free movement hut alse provide suppart when
required. A Weloro or adjustable bell is provided to facilimee
aiy knee size, The major compopent focilisating the
movement of knee and movement sssisianoe =re the smatl
yet high torque meokors, these mators when rotated n
clockwise direction helps in siting down of actions
Fag 3 Flowchan



Lead Screw Mechanksm:

This ks & simple mackine that can generale very large forees.
The serew ean be thought ofas oowedge or ramp that has been
wrapped arcund a shafl, Holding a nut and ratating the shafl
will allow the m b slide citber wpor down e shaft via the
key. In this way, n relatively small moment on the shafl can
exerl very large forces on fhe sl Lead screws are
commonly used in lincar actuators, machine shides such as
machine tools, vices. presses, and jacks. Lead Screws ore
meade in the same way &5 other theead forms, They can be
redled, cut or sanded. A lead serew uses ihe hellx angle of the
thread 8o comvert rolry  mobtion into liese mation,

combining & screw mnd mut with the screw thread in direct

M. RESULT

Uhar wearable sman devics assists in siding and standing
using the Lead Scvew mechanism. This is achieved by
receiving input from the user through an Androdd app. which
ke been developed, The app instructs the micrecontroller (o
actuaks the motor in desined direction ard speed o belp in
EEVEEIEIT,

The firce that the knes experiences is L5 times the body
welght. Theoretically aur devics nssists up o 43% of the wital
fierce an tha knee, which squals mp e 40,5 W for a persen with
body weight of 60Kg Practically our device can assist up o
35M of Farce,

Tabudar column:
contact with the niat thread. =

Theorctlcal value | Assisted Walue | Praciical  foroe
of fisrce on knee | compaled aldained
{1.5%hady {45% of total)in | in N
weight Inkgiin® | B
w $in.5 15

The ahove demonstraled lead screw mechanism i3 used (@

obtain the required foree 1o overeame the weight of the pesson,

ihe armmgement is connecied in & fnear fashion, disgorlly

from the upper thigh to 1he lower thigh, when the medor ratases

the lemgth of the lead sorew either increnses or decreases based

on the direction of rotation, the incressing lenpeh faciliintes the

stretching of the leg o kn this case the person transiting fom

sitting posture to standing posture, on the other hand the rotary

madbon on the oppesite direction resulis in the decréase i

length of lend screw which In nam signifies the transit betwesn Figs.Sitting positon

standing to sitting posture as length between the upper and

jower thigh is less in sitling posture, |.~u

Wi o
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Fig &. Starsling pasition
CONCELLUSIOMN:

v,

Impediments caused in Movement and ather normal actions
irvolving ihe knee joinls have been a conventional problem
sance the beginming of mankind, especially in sped individuals,
Former rehabilitntion devices sere mossive in sz, conuimed
a lerge amauwnt of power, amd wens statie. Peopls with kisss pain
opied for orthedes solutions ke walking sticks which bad
many conssquences and ide effects fike pain in the shoulder
region and 1hess solutions seere obsolete. Aged people with
severs knee pain had wo rely on others for day o doy actlvides.
This project has provided o better, gmorl, effective and
permanest solutlon se this age old problem. Old people as well
& peopls with severe knee injurbes will now be able fo stanid,
walk and live normally without the help of canstakers,

V. REFERENCES

[t} 36 O&ampP, “360 Octhotics  &amp;  Prosibefics,”
htpaiveww, 3i0oandp.com/360-Dhetionury. aspecT1=00, 2009,

[2] 5. K. Bansla, 5, B Agrawal, A, Fariah, ¥, Krishnamearthy,

Communication, 203 Procecdings. ROMAN 2003, The 12th
IEEE Internadional Warkshop on, 2003, pp, 67-71

[5] ReWalk, “Ange Medicnl Technologies.” vol, 2009

{&] J. Binyn, "Force-controllable ankic fon arthosis (AR o
assiat drop oot gnit,” in Deploof Mechanical Englogering. Val.
S0 Cambridpe: MIT, 2002

[7]. Komg, Eyoungehul, Soonbum Bae, and  Masayoshi
Tomizuka “A compoct rotary series elastic setuator for hieman
mmsintive sysieme® IEEEASME warsactions oh meckatronics
172 28B-20T, (2001

[R]. Schick, Johaimes, Markas Gloser, and Sieven Huber.
*Diesign, Realization and Verification of & Novel Keee Joird
Actuatar for Robotic Exeskeletona,” 2019 TEEE Inlesnatknnl
Conference on Mechatronics (1CM). Vol 1. [EEE, 201%.

{94, Khanna and P, Ranjan, *Solar-Powered Android-Hased
Specd Comtrol of DO Mator via Secure Bluetooth,” 2015 Fifth
Irternational Conference om Commaunication Systems - and
Metanrk  Technologies, Gwalior, pp. 1244-1249, doi:
D01 OSSN 200 5. 1040, 2014,

(10]¥umar, B, Usha Presthi, P, Kubade, P. K., & Kulkam],
H. B, “Andrald phane contolial Bluetonth rebot”, Yoleme
3 0sane Mo 4, e<155M; 2385 0056 , p-I55H: Z395-0072, Apr-
2016

[18JE.5, Varshn , . Sudharshan Palaniappan , 5. Susmiihaa
b Prabbu Bad Spesd ard Direction Control of DC Motes using
Androdd  hMobile  Application ntemational  Fournal of
Engineering  Science and  Computing. Wolams 7, lssuc
Bio, 3. harch 2017,

[12]0x, Sark and ®. Bagdan, "Wireless matar contred &
padomotive ndustry,” 2006 2dth Telscommurications Faruem
(TELFORY, Bl grande, B 1-4, o
10 DO TELFORL 20 6.8 18750, 2014,

[13|Deepashri K M , Sachidanand P B, Latha H.5, Indusisial
Appliances Contred Using Android Mobile & Blustooth

W. L. Hsu, J. Schodz, and K. Rudolph, “Gravity-Balancing Leg techmigue, Volurme 8, International Farnal of Engineering and
Orthoaia and lis Performance  Evalimtion," Rabatics, 1EEE Manufacturing Science, 138N 1249-3115 , pp, 13-42 2013,

Tranzactions on, wol 22, ppo 1228-1230, 2006,

[3] 5. K. Banada, A. Kulpe, and 5. K. Agrawal, “A Powered
Leg Orthosis for Ceit Rehsbiliiation of Mator-lmpaired
Patients,” in  Roboutcs and  Automotion, 2007 1EEE
Insernatinnal Conference on, 2007, pp. 4140=4 145,

[4] H, Kawnmote, 5. Kanbe, and ¥, Sankad, £quod;Power
azslsl method for HAL-2 estimating aperotor’s intention based
an mofien information,”™ in Robot and Hueman Intemctive

[id]Mr. B M. Pabl | bAr. Samdesh Soresr , Mr, Pavankuemar
Farsdignddi . Mr, Shivarsnd Boeib, Speed Comrol Single
Piase: Encduction Meter Uzing Androdd Fhone, Valames 2, Tasue
Mo 3, Imerestlonal kournal of Engineering and Technlques |
Mlay -dune 2006

(150, Madvomik and P. Smudng, " Remole contre] nobot wusing

Android mobibe device,” Proccedings of the 3014 15th
Intemational Carpathian Control Conference (ICCC), Velke

HEF R



Karboviee, - IT3-37R, di;
101 109 CarpathinnCC. 201 4,684 3630, 2014,

[16)A, Slvakumar, K. A Jainand A 1. Moakuof, *Yole
Cosemolled Servi Motor Using an Android Applicmicn,” 2020
IEEE éih World Forum on Internet of Things (WF-koT), Mew
Orleans, LA, USA, 2020, ppo 12, dol 1000 H0SYWEF-
InT4R1 3030205721133,

- SHRTMAEEAER Yool
RETITITE S TEEM GLOGY & MAHAG EMTHT



PERSONAL DETAILS



Mr. Chielan R{B.E, M.Tech) received his
M. Tech degree in Microelecironics from
MMAMIT, Mitte, India in 201 3.

He is a professor of Ebectronics &
Communication Engineering specializing in
Microslecironics & Confrol Systems. He has
baen in the fiekd of teaching for 10 years. His
subjects of interast include VL3I Design &
Dptirmization, Embedded System and 10T,
He is a lifelima member of MISTE.

Prof. Chetan R Project E-mail ID: chetan eciitsode-adu.in
Guide Contact No: +31 9936187795

Dr, Geiana Anna(Ph.0, M. Tech) received his
Ph. fram Department of Mechanical
Engineering, MITK. Surathkal and M.Tech in
Manufacturing Engineerng fram M S
Ramaigh Institute of Technology, India in
2013

He iz Haad of Department of Mechanical
Engmneering at SMVITM, Bantakal, Udupd,

E-rmaill I0; agjanan.mechi@soda-adu.jn
Contact Mo, +91 9T43506065

Aditya K

AMWITECOO3

Address: 3-2753,"Vishnu Priya”, Kalmanje,
Manipura Past, Udupl Taluk & District Pin-
5¥E120

E-mail 10: aditya 1720038 sode-edy.in
Contact Ma: +81 F250250241

Gowri M
AW TECD2

Address:U Madhav Rao compound, LIC
colony, 2nd cross, Brahmagirl, Udups Taluk
& District.

Pln- 576101

E-mail I0x gowrn, 1 7eclZ 1 @sade-adu.in

Contact Mo +01 S606TS0T1S
- WS e

T AR WA nim A



Mamana
AN TECOSD
| Address: “Aradhana” near Ambalpady

fempe, Ambalpady, Udupi Taluk & District.

Pin- 576103

E-mall 1D pamana. 1 7ec030sode-adu in
Contact Mo; +81 BER4TREI1

Franav i R

AMWITECO41

Address: #30, Znd cross, 3rd & main,
Krishra Layout, Hulimavu, Bengaiuru
Pin-Ba007TE

E-mail |D: pranay, 176c04 | i@isode-edu.in
Contact Mo: +01 8217483270

OML’Z“_
P .| i
FrInGipEe



Shankarpura, Karnataka, India
7Q3P+P7W, Shankarpura, Karnataka 574115, India

Lat 13.254752°
Long 74.785595°
26/03/24 03:14 PM GMT +05:30




Shankarpura, Karnataka, Indla
7Q3P+P7W, Shankarpura, Karnataka 574115, India

Lat 13.254697°
Long 74.785981°
26/03/24 03:12 PM GMT +05:30




- " Shankarpura, Karnataka, India
N e . < 7Q3P+P7W, Shankarpura, Karnataka 574115, India

S

= Lat 13.254734°

Long 74.78585°

- . - .': ..
% ‘J"".
*Gnaleli’.' ] 1 () 3* =0 [Py




