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INTRODUCTION
Paraplegia describes complete or incomplete paralysis affecting the legs and possibly also the trunk,
but not the arms. The extent to which the trunk is affected depends on the level of spinal cord injury.
Paraplegia is the result of damage to the cord at T1 and below.
Injuries at the thoracic level and below result in paraplegia. For injuries from T-1 to T-8, most of the
hand control is lost but trunk control is unhampered because of the stable control of abdominal
muscles. Lower T-injuries (T-9 to T-12) lead to loss of trunk control, and abdominal muscle control.
Hence, balance in a sitting position is adversely affected. Lumbar and sacral injuries yield decreasing
control of the hip flexors and legs.

1.1 Causes
Paraplegia is almost always the result of damage to the brain, spinal cord, or both. In most cases,
spinal cord injuries to the thoracic, lumbar, or sacral spinal cord are to blame. When these injuries
occur, signals cannot travel to and fro from the lower regions of the body. Some injuries produce
temporary paralysis in one or both legs. Surgical complications, and aftermaths of a seizure or an
allergic reaction can also cause paraplegia. Spinal cord injuries—which affect more than 200,000
Americans, with more than 2,500 new cases each year—are the leading cause of paralysis, including
paraplegia. The leading causes of spinal cord injuries include:
MEDICAL
5%

SPORTS
9%

ROAD
ACCIDENTS
40%

VIOLENCE
15%

FALLS
31%

Figure 1: Causes of Paraplegia
Thus, there are four major categories of people suffering from paraplegia:
1.
Having neural control of trunk muscles but not of legs.
2.
Lacking neural control of trunk muscles and legs.
3.
Having no legs but having control of trunk muscles.
4.
Having no legs and lacking control of trunk muscles.

2

EXISTING SOLUTIONS AND DRAWBACKS

The devices that are used by Paraplegic persons can be divided into two cases ideally:
1.
Short distance locomotion
2.
Long distance locomotion

2.1 Short Distance Locomotion:
Crutches :
These are one of the mobility aids used by the people whose legs are not strong enough to support
the weight of their body. Crutches transfer the weight from lower body to upper body so that the
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patients could move with the help of their upper body strength. Despite the fact that they are cheap,
the crutches are made for short term use as they are prone to fractures in their structure if too much
weight is put on them. The patient has to consume a lot of their own energy for movement as they do
not have any external mechanical support. Crutches are very unstable as the patient does not have
protection from injury to his upper body if the crutch slips on the floor.

Walkers or walking frames :
The medical walkers are mainly designed for lower body weakness or
paralysis. These devices can be used temporarily for gait training in a person
undergoing physical rehabilitation. These are also a lifeline for a person who is
unable to balance and support themselves without any assistance even for
short periods of time. Walkers have been designed to provide an additional
front support to the patient vis-a-vis crutches where there is no safeguard for
the trunk of the body. Walkers are equally difficult as crutches to operate for
long durations and in rough terrains.

Figure 2: Walking frame

Orthotic Devices:
Orthotic devices like exoskeletons, “Parastep” affect both the structure of the body as a brace as well
as the nervous system as a substitute for damaged nerves. Exoskeletons are wearable mobile
machines which are powered by a system of electric motors, pneumatics, levers, hydraulics and
combination of technologies that improve limb movement and endurance. Exoskeletons are an
emerging breed of technology which can mimic human motion, greatly decreasing the discomfort for
paraplegic patients as well as giving them the feeling of natural human movement.

2.2 Long Distance Locomotion:
Wheelchairs
Wheelchairs are the most common mobility devices used by paraplegics requiring minimal human
force for motion. The use of wheels on a chair was a revolutionary idea as it paved a way for
extensive research in the field of assisted locomotion for physically handicapped patients which now
boasts of a plethora of options to choose from, suiting their comfort and expenditure. Paraplegics will
like to opt for light and responsive wheelchairs which are easy to push around, thereby, reducing their
effort in locomotion. Powered wheelchairs are a fast progressing technology with a huge number of
variants available in the market.

Mobility Scooters:
Mobility scooters are regular scooters with three wheels which are bigger than powered wheelchairs.
They can be easily manoeuvred than 4 wheel scooters as they have a tighter turning radius although
they offer lower stability in comparison. Mobility scooters provide the maximum range for locomotion
in all the existing solutions.

2.3 Drawbacks
1. Crutches and walkers are highly unsteady and can put the user in dangerous situations. There are
many restrictions for the user as he has to position himself in a certain way for proper movement.
They can only be used by people with high upper body strength, therefore, requiring the person to
undergo through considerable physiotherapy before they can properly use this equipment. Being
cheap, quality and durability are a major issue , poor structural strength ,choice of material , and
questionable manufacturers are an additional inconvenience.
2. Exoskeletons are only limited to research institutes as they are really expensive to manufacture on
an industry basis. Being an emerging technology, they are prone to designing defects as they are
not yet completely capable of replicating human movement. Also, a certain exoskeleton can only
tackle limited amount of physical abilities. Also, the exoskeleton are heavy and require
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considerable amount of physiotherapy for the user to acclimatize themselves with the equipment.
1. Wheelchairs do not have the ability to climb stairs and can only be used to travel on flat roads,
even motion up an incline can requires considerable amount of energy for a person unless an
electric wheelchair is used. Another problem for wheelchairs is that they are only front mounted.
People need assistance to get on and get down from the wheelchair especially for the older
generations who cannot generate enough strength in their muscles to lift themselves onto the
wheelchairs.
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MODEL SOLUTION
Stair Climbing
Stair climbing is one of the major missing links in all of the present solutions which if implemented will
be a major breakthrough for paraplegic persons as they will be able to traverse in their homes
without any assistance.

Minimal Consumption of Body Strength
Equipment like crutches and walkers require a lot of upper body strength for movement. This
inconvenience is major setback for many people forcing them to stay bed-ridden, sometimes resulting
in them losing their means of occupation.

Flexibility and reach of the paraplegic person
In most of the present solutions, the paraplegic person has restricted freedom when it comes to motion
of his other body parts, i.e., wheelchairs fall short when the person has to grab an object at a
considerable height and same goes with walkers, and crutches. Exoskeletons, owing to their heavy
weight, limit the motion of the hands as they are required to keep the exoskeleton itself in place.
Finding a solution which doesn’t hinder a person’s reach and flexibility is essential.

Cost effective
Powered wheelchairs and exoskeletons are the most viable solutions for paraplegic persons but they
are very expensive, usually costing thousands of dollars; building a cost-effective solution which can
be bought by the middle class is vital if there is to be any relief for physically handicapped persons.

Risk-free operation
The operation of the equipment or the manner of usage should not be dangerous to the user as they
will not want risk further injury due to unforeseen circumstances.

Hassle free working and usage
Finding a solution which is easy to use and does not require any prior understanding of the working
of the bot will be a major selling point.
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THE PROPOSED SOLUTION: SKALA
A conventional wheelchair lacks the joy of freedom and self-dependence. There is always a need for
assistance in daily activities. Even with the advent of motorised wheelchairs there is little scope for
mobility equivalent to a normal person. The need of the hour is to design a product which can
provide maximum reach to the user with the minimal use of his/her strength.
Our solution “SKALA : Stair-climbing Kinetic Augmented Levitating Assistor” provides the user with
flexibility and control in his/her day to day activities and makes the user self-dependent. Our product
SKALA is a locomotion robot which has been designed to provide comfortable and independent
movement for paralysed people on ground as well as help them in negotiating stairs.
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DESIGN OF SKALA
Our product “SKALA” consists of a movable platform which is consist of two parts to achieve the
ground locomotion and stair climbing. The body support system is mounted on the platform to provide
efficient transformation in the posture from a standing to sitting position, while maintaining the
stability of the robot. To develop a prototype model, the first step was to design the mechanism and
then integrate the embedded architecture. Design of SKALA majorly consists of two parts:
I. Mechanical design
II. Embedded design

Figure 3: SKALA (CAD and actual View)

5.1 Mechanical Design
The design and analysis of SKALA is essentially done in two phases:
1. Ground Locomotion
2. Stairs climbing

Ground Locomotion
SKALA was designed in a way which would let its user to switch his/her posture from a standing to
sitting position very efficiently, while maintaining the stability of the robot. From a design point of view,
the mechanical subcategories to achieve the required purpose includes:
A. Body Support
1. Hand Support
The hand support is a 110cm steel rod standing vertically in front of the user. It is meant to provide
reaction forces to the hands of end user which would indirectly help in maintaining stability while
changing postures. The user also uses this as a fixed support to climb on the robot from a resting
position. Moreover, all the controls for the user are placed on this steel rod.
2. Chest Support and Harness
The function of cushioning and providing support to the upper body of the user for stability are done
by this combination. Also these are the only contact place of the upper body with the robot.
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The chest support and harness together provides the necessary reaction forces on the body to
balance moments due to weight of the user. Moreover, the harness and the chest support are
attached to a rod (support rod) whose angular position is controlled by an actuator. So essentially all
the body weight is transferred into the actuator. All the actuators and other components are on the
front side of the user making it easier for the user to climb onto the robot.
Choice of actuator - Considering the maximum loaded conditions (standing position) and the range
of elongation (sitting to standing positions), 24V DC 30cm 800N actuator was chosen with a factor
of safety of 2.
Support rod and position of joints - From the results of the stress simulations at maximum loaded
situation we decided the following geometrical dimensions:
1.
Distance between fixed joint to revolute of actuator-20cm
2.
The length of support rod-110cm
3.
The cross section of support rod-16cm2
4.
Actuator specifications: 24V DC 30cm 800N

Figure 4: Upper Part (CAD Model and actual view)

3. Leg Fixture
These have the function to keep the paralyzed legs of the user intact and fixed to prevent chances of
accident. Proper cushioning has been provided to keep it comfortable. The leg fixtures are rigidly
fixed and are vertically extended from the base plate. These also helps in balancing some weight of
the lower body of the user.

B. UPPER CHASSIS
Upper chassis as two components.
1. Drive System
The ground locomotion is achieved using a differential drive system. A differential drive has its
advantage of zero radius turn and robust maneuverability, yet it has its ease of implementation. In
SKALA there are 2 wheels of radius 22cm in the front and 2 adjustable castor wheels in the rear.
Each wheel is driven independently using a 320 W DC motor. The power requirement was
calculated based on the desired speed 1.38m/s for safe locomotion and the mass of the vehicle,
which is 170-180kg (including the user). The wheel is connected to the motor axle using an
extended shaft fastened with the help of grab screw. The wheels are chosen such that there is a
sufficient ground clearance of 7cm, considering locomotion even in rough terrain.
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The castor wheel mounting mechanism is designed such that it can be retracted upwards, to avoid
interference with stairs, while climbing on stairs. A small link is attached to the castor wheel with two
holes. The castor wheel is locked into position using a latch going through either of the two holes,
thus forming a rigid 3 bar structure. With proper calculations it was ensured that the castor wheels
and the linkages could handle the weight of the vehicle. Out of the two holes one hole is latched for
ground locomotion, while the other hole is latched for stair climbing. In the current design the user
changes the position of the castor wheel using a handle connected to the castor.

Figure 5: Caster engaging mechanism

2. Base Frame
The base frame is a steel plate of 5mm thickness, reinforced with 10mm thick steel bars. The base
frame supports the user and all the components of the vehicle, such as the support rod, actuators,
motors, wheels and the electronic components. It is hinged to the conveyor frame, such that free
rotation about the hinge is possible while positioning the vehicle for stair climbing, without affecting
the power transmission from the motor to the conveyor system, via the wheel. It is ensured that the
base frame always remains horizontal during stair climbing or descending, so that the chances of
toppling is minimized and the user feels comfortable during ascend or descend.

Stairs Climbing

Figure 6: Base Frame

Design And Mechanism
Stair climbing of SKALA is completely based on an independent conveyor drive mechanism. There
are two conveyor tracks which are double sided timing belts. They are stretched between three mild
steel gears of the same module as the belt as per the required geometry of the track. A set of 5-cm
diameter rollers have been provided with each conveyor for providing support while on stairs and
avoiding slagging. A chain sprocket mechanism to transfer motion from motor to the conveyor has
been used. This mechanism powers the conveyor belt as well as the wheels connected to the motors
simultaneously.
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Figure 7: Conveyor Belt

Geometry and dimensioning analysis
The angle as shown in the figure is chosen so as to make the initial contact with the stairs while
climbing and provide the optimum traction. The length of the track is 1.2m , this makes sure that the
conveyor has contact with at least two stairs to maintain stability. Considering factors like weight of
the robot, traction and friction available, the diameter of sprockets used to drive conveyor have been
optimized for maximum torque amplification. The specifications of the conveyor such as the pitch
2.25cm, and the material are hard rubber were selected to provide the maximum traction possible.
The entire conveyor assembly is
connected to the main body of the
robot using a robust hinge joint. Two
actuators having specifications, 6000N
24V DC 35cm stroke length, connecting
the conveyor assembly to the main
body control the relative rotation
between them about the hinge joint
while climbing stairs.

Figure 8: Conveyor belt frame

Figure 9: Upper Part Lifting Mechanism
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The three phases of stair climbing
On the overall arrangement of the conveyor system, the driving wheel is settled on the upper front of
the system and the steering wheel is post-placed , therefore, the entire robot comes in to a front
approach with a front driving wheel. This front approach angle helps the robot to realize obstacle
negotiation. As mentioned earlier, the power to the driving wheel is transferred via the chain sprocket
mechanism.
1. Takeoff (from ground)
The user is brought to the sitting position for ascending up the stairs. This provides more stability and
ensures less chances of toppling while ascending, since the center of mass is lower than the standing
position. Also the ascending maneuver is done through the rear side of the robot. This is done due to
medical reasons and it also provides additional safety in case of emergencies.

Figure 10: Take-off (from ground) position

The robots conveyor system makes an initial contact with the first stair, friction then helps the robot to
drive upward. In the meantime, the castor wheel is brought in the retracted position. At the same
time the front actuators to start to raise the base frame slowly.

Figure 11: Take-off (from ground) position

With simultaneous motions the robot is brought to a constant angle position according to the angle
of inclination of the stairs. In this position the base frame is brought to horizontal position thus, the
user is comfortable during the ascend.
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2. Ascending (along stairs)

Figure 12: Take-off (from ground) position

The robot ascends the stairs keeping the base frame horizontal. Also, the robots length is decided in
such a way that there is always at least 3 points of contact with the stairs, thus there is sufficient
friction to ascend the robot on stairs.

Figure 13: Ascending along stairs

3. Landing

(on the top)

As soon as the contact is lost at one of the contact points, the front actuators start bringing the base
frame downwards. Also, the castor wheels are brought to their initial position, such that it makes
contact with the ground.

Figure 14: Landing on the top

Therefore, we can see that based on the analysis of the stairs-climbing process and the dynamics
model of the robot, a robust mechanical structure of the robot has been designed.
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5.2 Embedded Design
Modes of Control

1. Manual Control
Manual control is implemented using Hex-Keypad i.e. user can
perform different operations by just pressing different keys.
Internally, the structure of the hex keypad is very simple. Wires run
in vertical columns (we call them C0 to C3) and in horizontal
rows (called R0 to R3). These 8 wires are available externally,
and will be connected to the microcontroller. Each key on the
keypad is essentially a switch that connects a row wire to a
column wire. When a key is pressed, it makes an electrical
connection between the row and column. Thus the main task
Figure 15: Hex-Keypad
here is to identify which key is pressed which is done by scanning
each row and column. With the availability of multi-buttons in the Hex-Keypad we are able to control
3 Actuators,2 Motors, switch to other modes of operation i.e. Voice control mode and Autonomous
mode etc.
2. Voice Control
APAHIZ takes voice commands for locomotion in the voice
controlled mode. For this we have implemented Speech to text
conversion and have performed voice training using CMUSphinx
Voice, recognition libraries, which uses machine learning
algorithms on the sample training audio files fed to it to prepare
a newly trained or adapted model for voice recognition. APAHIZ
has been trained to recognise six words i.e. “Ahead”, “Behind”,
“Left”, “Right”, “Stop” and “Go” which are then converted to text,
which is then processed by APAHIZ to follow the direction which
has been commanded.

Figure 16: Logitech webcam’s microphone

The voice input is taken through a Logitech webcam’s microphone (since the Raspberry Pi 2 can’t take
audio input through 3.5mm jack) and the voice is recorded using pyAudio library for python. The
Language model has been trained for Indian accent using English-US syllabic dictionary by
CMUSphinx and our own voice recordings. The recorded voice is first stored as an audio file which is
then given as an argument to the voice recognition program which then converts it to text and stores
the command into a text file which is then read by the locomotion code and then it is executed.
3. Mind Control
EEG signals are acquired from the person sitting on the bot
using the Mindflex headset worn by that person The sensor
gives the processed outputs according to the concentration
level of the person. We have used the meditation level of
the person to control the motion of the lifting actuator.
The basic layout of the Mind Flex hardware is shown in the
figure18. Most of the action is in the headband, which
holds the EEG hardware. A micro controller in the
headband parses data from the EEG chip and sends
updates wirelessly to a base station, where a fan levitates
the ball and several LEDs illuminate to represent your
current attention level.

Figure 17: Mindflex Headset
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Figure 18: Layout of Mindflex hardware

The MindFlex provide eight values representing the amount of electrical activity at different
frequencies. This data is heavily filtered / amplified, so where a conventional medical-grade EEG
would give you absolute voltage values for each band. A run-down of the frequencies involved
follows, along with a grossly oversimplified summary of the associated mental states.
The csv data breaks down into 8 columns like “signal strength, attention, meditation, delta, theta, low
alpha, high alpha, low beta, high beta, low gamma, high gamma”. We are using the third column of
the data which is “meditation”. This indicates the level of a user’s mental “calmness” or “relaxation”.
Meditation is related to reduced activity by the active mental processes in the brain, and it has long
been an observed effect that closing one’s eyes turns off the mental activities which process images
from the eyes, so closing the eyes is often an effective method for increasing the Meditation meter
level. Distractions, wandering thoughts, anxiety, agitation, and sensory stimuli may lower the
Meditation meter levels.
4. Autonomous Control
We integrated our object-tracking algorithm with touchscreen input so that the user can input where
he wants to take the bot through touch and the bot then autonomously goes to the specified location.
So while doing so the bot takes the input from ultrasonic sensor and accordingly information
regarding points of obstacles are feed to Microcontroller.
We use a famous computer vision algorithm called Kanade-Lucas-Tomasi feature tracker. It assumes
that the flow is essentially constant in a local neighbourhood of the pixel under consideration, and
solves the basic optical flow equations for all the pixels in that neighbourhood, by the least squares
criterion. We eventually solve the following equation:

𝑓𝑥𝑢 + 𝑓𝑦𝑣 + 𝑓𝑡 = 0
𝜕𝑓
𝜕𝑓
𝑓𝑥 =
;𝑓 =
;
𝜕𝑥 𝑦 𝜕𝑦
𝑑𝑥
𝑑𝑦
𝑢=
;𝑣 =
;
𝑑𝑡
𝑑𝑡
Above equation is called Optical Flow equation. In it, we can find fx and fy , they are image gradients.
To find the feature points of interest that need to be tracked, we use the Shi-Tomasi corner detector
that maximizes the eigenvalues of a matrix kernel around the image to find good quality corners.
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For implementation, we use OpenCV on python running on a Raspberry Pi 2. The most important
function is cv2.calcOpticalFlowPyrLK() - Here, we create a simple application which tracks some points
in a video. To decide the points, we use cv2.goodFeaturesToTrack() . We take the first frame, detect
some Shi-Tomasi corner points in it, then we iteratively track those points using Lucas-Kanade optical
flow. For the function cv2.calcOpticalFlowPyrLK() we pass the previous frame, previous points and next
frame. It returns next points along with some status numbers which has a value of 1 if next point is
found, else zero. We iteratively pass these next points as previous points in next step.
The method we use is robust to ambient lighting, is scale invariant and the application doesn’t crash
even with no features to track. In autonomous mode, Touchscreen is used as input. Resolution of touch
screen is 800 X 480 pixels. The user input the commands using touch screen, according to the image
feed from the camera which is mounted in the front of the bot. User can give the any place in the
image feed as the input to the bot which to be followed to reach that place.
5. Obstacle Avoidance
The Sonar module used is HC-SR04. Each module is connected with the microcontroller using 2 digital
pins, namely, echo and trigger. In total, three sonars are being used to digitally map the surrounding
into 8 different regions around the bot.

Figure 19: Obstacle Avoidance

NOTE: In case of two obstacles, it is possible that Sonar1 and Sonar3 give the signal for Obstacle
Detection and Sonar2 remains unaffected. That would give us the 8th region. In case, an obstacle is
detected in Region 2, the algorithm would instruct the bot to move in region other than Region 2.

Components
Embedded circuits consists of motor drivers to drive motors & actuators, microcontroller (ATmega2560)
and Raspberry Pi as central processing units present on the bot chassis. Sensors like sonar HC-SR04,
mindflex , to take various data inputs from the user to control the process of the bot. We have a look at
each element of the design followed by the working.
Touch Screen:
Touch screen is used to feed user inputs to the
processor. The resolution of our touch screen is
800x480 pixels. Aspect ratio of our LCD screen is
4:3. LCD is interfaced via SPI (Serial Peripheral
Interface). The controller used in Touch screen is
XPT2046. It’s a cheap and affordable touchscreen
and also easily available.
.

Figure 20: Touch Screen
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ATmega2560:
The high-performance, low-power Atmel 8-bit AVR RISC-based
microcontroller combines 256KB ISP flash memory, 8KB SRAM,
4KB EEPROM, 86 general purpose I/O lines, 32 general
purpose working registers, real time counter, six flexible
timer/counters with compare modes, PWM, 4 USARTs, byte
oriented 2-wire serial interface, 16-channel 10-bit A/D converter,
and a JTAG interface for on-chip debugging. The device
achieves a throughput of 16 MIPS at 16 MHz and operates
between 4.5-5.5 volts.

Figure 21: ATmega2560

Raspberry Pi:
Raspberry pi is a portable and powerful mini-computer. The
Raspberry Pi 2 uses a Broadcom BCM2836 SoC (System on
Chip) with a 900 MHz 32-bit quad-core ARM Cortex-A7
processor, with 256 KB shared L2 cache. The Ethernet port is
provided by a built-in USB Ethernet adapter. We are using
Raspberry Pi Model B+. The Raspberry Pi Model B+ provides
more GPIO, more USB than Model B.
Raspberry Pi uses a memory card for storing the OS and all the
Figure 22: Raspberry Pi
other files used, thus 32 GB SD card is used for this purpose.
The Raspberry Pi primarily uses Linux-kernel-based operating systems. The ARM11 chip at the heart of
the Pi (first generation models) is based on version 6 of the ARM. The primary supported operating
system is Raspbian, although it is compatible with many others.
Motor Drivers:
Hercules 6V-36V, 15Amp Motor Driver can take up to 30A peak
current load and can be operated up to 10 KHz PWM. Motor
driver can be interfaced with 3.3V and 5V logic levels. Motor
driver has built-in protection from under / over voltage, over
temperature and short. Motor Driver has an optional ACS714
current sensor for current sensing. The Motor driver has terminal
block as power connector and 10 pin 2510 type relimate
connector for the logic connection. To drive the motor controller,
PWM is needed, IN-1 and IN-2 pins. These pins will accept 5V
Figure 23: Hercules Motor Driver
as well as 3.3V logic levels. Diagnostics 1 (DG-1) and
Diagnostics-2 (DG-2) pins are internally pulled up at 5V at the motor driver side and detect over
temperature and short circuit faults. This is the pin diagram connection with microcontroller.
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FEATURES OF SKALA
Automated smooth climbing of stairs
The primary feature of SKALA is the ability of climbing the stairs with person sitting in. The does not
experience any jerk when the wheelchair is climbing any step. This is ensured by the use of conveyer
strip which connects the front and the rear gear. There is a chain powertrain mechanism connecting
the motor to the rear gear. This ensures proper power transmission from motors to the conveyer. SKALA
climbs up with person facing backwards of the motion. The seat is maintained in a horizontal position
by the use of two linear actuators which are attached to a support rod and the track system. The linear
actuators move according to the angle made by the base of the conveyor with the ground and the
base plate rises up making the seat horizontal.
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The movement upwards is very smooth which is made possible by conveyer belt. There is no impulsive
climb of any step which leads to omission of any jerk during the movement. The entire process is
automatic and embedded design has incorporated an object-tracking algorithm where the user enters
an input of the location and the bot automatically goes to that location. There is no requirement of any
assistance.

Mind controlled Body Lifting
The uniqueness of SKALA can be perceived in its feature of body-lifting. The patient has the comfort to
sit at multiple angles as opposed to just one posture offered in a normal wheelchair. The person sits on
a harness and is safeguarded by a belt which is attached to the body lifting rod. The angle of this
harness can be varied from 900(sitting posture) to 000 (standing posture) and can be controlled by the
user very easily. This allows the user to avoid muscular strains which occurs due to sitting or lying in a
single posture. The intuitive part of the control mechanism is that the process is mind controlled which is
done using the MindFlex sensor.
On a bigger scale it allows the disabled people to get in a standing posture and work like normal
people.

Manual Regulation
The movement of SKALA is controlled manually by the patient. There is a keypad placed at the
centrally located lifting support. The patient can move the wheelchair in any direction using the
keypad. Body lifting can also be controlled by keypad.

Voice Control
SKALA also incorporates a voice controlled command module which allows the patient to manoeuver
the wheelchair by just using his voice. This feature allows hands-free operation and much required
operational redundancy. The voice control can be used for movement in any direction.

Image based Locomotion
SKALA consists of a custom built python GUI to control its every single feature using touch command.
There are cameras installed in SKALA which displays the ambience on a touchscreen. The touchscreen
is placed on a plate attached to the support rod. The patient can touch any object displayed on the
screen and the wheelchair will move to the object’s location automatically. The user interface is very
simple and can easily be operated by the patient.
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IMPACT AND UTILITIES
The primary users of SKALA comprises of patients with disability, paralysis, spinal cord related diseases,
knee osteoarthritis, etc. who use a wheelchair. This number is 67 million worldwide and 5.4 million in
India. 59 % of patients on wheelchairs are of working age, most of them sit idle as their movement is
limited.
Since SKALA allows the user to stand or sit in any position, combined with its locomotion ability, it
enables the user to work. It also prevents the muscular strains due to sitting in a single posture and
thus help patients avoid further medical help. It would help them practise the day to day activities of a
normal person with ease. Thus it would empower about 40 million people who depend on a
wheelchair to work.
Furthermore, SKALA can be used at secondary patients who are not directly affected by the above
mentioned diseases but face problem while walking. They can be the elderly people with knee
related problems who constantly face difficulty in climbing stairs but do not require any wheelchair for
their day to day activities. To help these people SKALA can be used in public places like Railway
stations where people have to climb stairs to go from one platform to another. So far there are only
96 railway stations in India with escalators and just 44 with lifts installed in India.
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The total number of railway stations in India is more than 8000 and more than 400 stations are
Grade A1 where SKALA can be deployed for public use. SKALA can be used in the same
way trolleys are being used in shopping malls and airport. The users can pay a nominal fee to rent
SKALA and travel from one platform to another. This will also help Indian Railways to generate money
with minimum investment.
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COMPARATIVE STUDY
The objective to design SKALA was to create a wheelchair which could climb stairs at ease with no
assistance required by the patient. Maximum number of features were added to the prototype to
make SKALA the most compelling wheelchair in the market. A detailed analysis of SKALA fares against
the competition in the table below:
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Features

Mechanical
Wheelchair

Electric
Powered
Wheelchair

Curb
Assistive
Mechanisms

Wheel Chair
Stair Climber

SKALA

Stair
Climbing

x

x

✓

✓

✓

Backward
Movement

✓

✓

x

✓

✓

Automated
Locomotion

x

✓

x

x

✓

Suitable for
all stairs

x

x

x

✓

✓

Jerk free
Locomotion

x

x

x

x

✓

Body Lifting

x

x

x

x

✓

FUTURE SCOPE AND APPLICATIONS
There can be many features that can be installed in SKALA to make it more versatile:
i. This prototype of SKALA takes quite a big space and thus can’t move to congested areas like the
bathroom in a house. The size can reduced to fit in a regular household. Also this prototype has
been developed to be used by adults (weight about 80kg). SKALA can be redesigned for
children which acquires lesser space and is light weight.
ii. Rotational mechanism can be added to this prototype so that it can turn in congested areas. It will
help in climbing any winding stairs.
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POWER CONSUMPTION

SKALA uses 2 Li-Po batteries having specifications 12 V, 2700 mAh, 25C for high current applications.
These are light weight batteries and used to run actuators. 2 Lead acid batteries having specifications
12 V, 17000 mAh, 26000mAh is used for greater current applications. These are bulky batteries and
used to run motors. The system can run around continuously for 1 hour with these batteries.
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COST ANALYSIS
Component

Quantity

Rate (in Rs.)

Cost (in Rs.)

ATmega 2560

1

2198

2198

Battery(Lead Acid)

2

2000

4000

MindFlex Headset

1

3000

3000

LiPo Battery

2

1200

2400

WebCam C170

1

850

850

Motor Driver (16A)

2

1050

2100

Motor Driver (32A)

2

1975

3950

HC -SR04 (Sonar)

3

150

450

Raspberry Pi

1

2600

2600

Touch Screen

1

3250

3250

Wires & Connector

-

300

300

Arduino UNO

1

500

500

Tracks

2

2200

4400

Gears (7cm Dia)

4

600

2400

Gears (10cm Dia)

2

1000

2000

DC Motor

2

7600

15200

Actuators

2

4700

9400

Actuators

1

3100

3100

Rollers

25

34

850

Caster

2

150

300

Chains

2

50

100

Sprocket

4

25

100

Nuts and Bolts

-

-

80

Body Harness

-

-

250

Body Structure

-

-

3700

Fabrication

-

-

5000

Misc

-

-

3000

Total

-

-

75478
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