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ABSTRACT
With technology advancing at an astronomical rate, we are witnessing events
today that a few years ago were only conceptualized in movies. From humanoid robots to
the Virtual Reality, the possibilities are endless. Leap Motion is an example of ground
breaking technology that has the potential to change the way we control machines and
therefore, how we control our world! Leap Motion is a sensor that is currently used to
navigate through a personal computer with just hand gestures. We have used this
technology to control a physical robot arm.
For the second part of this project, we used SolidWorks to design a six degree of
freedom robot arm with five human-like fingers and printed it using Flash Forge Finder
3D Printer. The robot was designed to be controlled by Leap Motion, with human hand
gestures as the input. It utilizes all of the sensor’s features, including the simultaneous
control of all five fingers. The robot also has special sensors like Temperature and
Humidity Sensor and Force Sensor to read the surrounding environment and also the
force applied on the object. It sends these data to the user. During any dangerous
situations, these sensors helps the robot to prevent any damage. The robot could be used
for virtually any application, including research or service in the medical or military
fields.
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CHAPTER 1

INTRODUCTION
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The future of robotics is heading towards building full human-like robots with
human skeletal and muscular systems. The idea is to create a robotic arm as similar to the
human arm as possible and not to limit the arm to one set of tasks. Advanced robotics is
the future technology, one such device that allows many possible ways to be implemented
and which is very simple and effective is the leap motion technology based robotic arm.
The main aim of making human hand tracking system is to create an interaction between
human hand and robotic arm, with most detailed and kinematically accurate biomimetic
anthropomorphic robotic arm, with the ultimate goal of replacing human hand completely.

1.1

ISSUES FACED IN TYPES OF TECHNOLOGIES

The types of technologies available in the market to control the robotic arm are:
1. Interfacing robotic arm with camera: The values are recorded for the position of the
arm in each location, but with PWM that can be slightly be inaccurate because it may
not go back exactly to the location when the command is set. Also, as it uses image
processing, this has more delay to mimic the movement as the user moves.
2. Interfacing robotic arm with flex sensors: the flex sensor is passive resistive devices
that can be used to detect bending or flexing. The resistance of the flex sensor increases
as the body of the component bends and these movements made is mapped and these
values in turn control the movement of robotic arm. However, this is not very efficient.
3. Robotic arm that are pre-programmed is limited to specific task

(a)

(b)

(c)

Fig 1.1: (a) Control using Flex Sensor
(b) Control using Camera
(c) Control using Pre-program

In the market, there are many robotic arms available, like pick and place, spot
welding, industrial automation, bomb defusal robot and many more. So, what is so special
about our project? When observed closely, all these robotic arms perform specific task i.e.,
pick and place robot is used to perform task which deals with picking and placing, the spot
Department of TCE, KSIT
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welding robot is mainly used for welding and bomb defusal robot is used only for bomb
defusal. So, they all are limited to perform a specific task. And suppose you want one single
robotic arm that performs all the above tasks, those which are available in the market are
very expensive, hence it costs us a fortune to afford them. Also, the current technologies
used by these robotic arms are less efficient, have more delay, and are limited to a specific
task when pre-programmed. Interfacing robotic arm with camera has more delay to mimic
the movement as the user, interfacing robotic arm with flex sensors is not very efficient and
if the robotic arm is pre-programmed then it is limited to specific task [18].

1.2

LITERATURE OVERVIEW
A robot can be defined as “a programmable, self-controlled device consisting of

electronic, electrical, or mechanical units. More generally, it is a machine that functions in
place of a living agent.” For centuries, humans have been fascinated by the idea of robotics
and automation. Today, universities, private companies, and military powerhouses work
tirelessly to create human-like machines to do every day human-like tasks for us, as well
as provide unique entertainment. Lately, in direct connection with applications in robotics
and informatics, complex research on motion capture of the human body has been
conducted, especially in regard to human hand motion. Motion capture of the human hand
is very complex because each finger, and even each phalanx, has distinct and independent
movements. Over time, various solutions to this problem have been identified, requiring,
in addition to adequate software for data processing, a suitable sensor model to record
finger configurations. A live question in the field at this time is how to increase the
accuracy of such sensors.
The solutions that have been proposed can be classified as either invasive or noninvasive approaches. Data gloves (e.g., the Cyber Glove) and similar devices that
incorporate bending sensors belong to the first category. Non-invasive solutions are based
on image capture techniques. Initially, invasive techniques were more accurate than their
non-invasive counterparts, but over time this gap has narrowed, such that recent iterations
of the non-invasive solution have become, in some respects, even superior to the invasive
versions. Initially, non-invasive solutions relied on an RGB camera to capture the signals
of markers located on the target body parts (in this case, human fingers). Other developed
solutions relied on following the contour of the target body part, on following edge zones
or on artificial intelligence [11]. All such solutions have returned quite good results, but
these achievements are modest when viewed from the perspective of user needs. Significant
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progress was only recently achieved with the introduction of the Microsoft Kinect sensor
and most auricularly the Leap Motion sensor. These sensors provide sufficient accuracy,
leading to similar outcomes as invasive techniques when used in the same field. Thus, based
on the results obtained using these types of sensors, it has been demonstrated that the Kinect
sensor has gradually become recognized as a useful means by which to capture depth data,
and could even become an alternative to invasive techniques, such as data gloves [12].
The Kinect sensor still possesses a limitation in terms of the accuracy of the
captured data depending on the distance between the sensor and its object, and it has been
demonstrated, that the use of the Kinect sensor does not lead to satisfactory results when
capturing configurations of human fingers, specifically. To overcome this weakness, the
use of a Leap Motion sensor, a relatively new solution launched in 2012, has proved
promising. A study that convincingly shows that the data obtained using a Leap Motion
sensor are comparable to those obtained with a data glove is presented in, demonstrating
that this sensor can be successfully used to capture configurations of human fingers and
transmit such data into a virtual environment for identical configuration of a virtual hand.
As a follow-up to reference, this paper presents a comprehensive solution for controlling a
real anthropomorphic gripper using data captured by a Leap Motion sensor type, detailing
the hardware and software components used.

1.3 PROPOSED SOLUTION
Five-fingers were chosen for the hand design because they are able to fully utilize
the features of Leap Motion. A five-finger design is much more stable and precise for
picking up and gripping objects than the traditional two prong industrial arm. Also, in the
case of search and rescue, a human would more readily accept a five-finger robot due to
the human-like appearance. Thus, our robotic arm is suitable for many applications such as
pick and place, bomb diffuse, spot welding, industrial automation etc., thus not restricting
it to one set of tasks. It is more cost effective compared to other robotic arms available in
the market.
We are using ‘leap motion sensor’ to control the robotic arm based on spatial
augmented reality, which is more efficient, and has less delay. The Operating
Characteristics of the robotic arm are, the hand should have 5 movable fingers and the
entire system must have at least 6 degrees of freedom. Thus, man power is reduced as we
are using an automated robot. Automatic monitoring has been advancing to minimize
human efforts.
Department of TCE, KSIT
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Advantages of the Proposed System
1. Robotic machines with 6 DOF are more agile and have the ability to be more precise in
job specific movements such as spot welding, material placement, or surgical cutting.
2. The robotic arm can do repetitive tasks which humans would find very boring.
3. It is faster, reliable and less error prone.
4. Remote Surgeries can be done on human body and the arm can also be installed in
ambulances for quick surgeries.
5. It can also be used during bomb defusal which can reduce the risk of human life.
6. It is much cost effective compared to other robotic arms available in the market [17].
7. It can be mounted on other bots and can be used to perform multiple application, by
fine turning it.
Limitations of the Proposed System
It cannot lift heavier objects, because it is a prototype model. It cannot apply precised
force. There is still observed delay due to quality of motors. The safety measures like the
following should be taken care:
1. The mounting system should not tip over
2. There should be no room in the slides for fingers or clothes to get caught.
Applications of the Proposed System
1. It can be used in any places where more human efforts, more efficiency, more repetitive
procedure.
2. The robotic arm could be used for virtually any application, including research or
service in the medical or military fields.
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CHAPTER 2

PROJECT OVERVIEW
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2.1

6 DOF ROBOTIC ARM
Assembly of the 6-degree of freedom robotic arm shown in figure 2.1 [1]. Its 6

servomotors allow for 6-degrees of freedom, as pointed out by each arrow. Motor 1 rotates
the entire robotic arm and is controlled by a panning hand motion in the x-direction. Motor
2 lifts and lowers and the entire arm when the operator moves their arm along the y-axis,
directly above the sensor. Motor 3 also raises and lowers the arm for more precise
movement when the operator moves its hand in the Z direction. Lastly, motor 6 opens and
closes the robotic gripper when the operator forms a pinching gesture with his/her thumb
and index finger. Motors 4 and 5 were not used [20].

Fig 2.1: Robotic Arm

Each motor is controlled by the microcontroller through PWM wires. They receive
commands from the computer program via microcontroller. The microcontroller is
powered by 5 volts, taken from the computer using a serial cable and receives commands
that manipulate the physical arm. Alternatively, the microcontroller is powered by an
external power supply, which provides both 12 and 5 volts to the terminal block on the
board. The power supply receives 220 volts from the wall outlet.

2.2

BIOMECHANICS OF A HUMAN HAND
There are several different actuating options to choose from to actuate a hand

model. We discarded the use of pneumatics because it could weigh down the system and
add problems such as air leakages. If we used motors to actuate every joint, we would also
add weight and bulkiness. During research, we came across tendon-driven designs being
developed all over the world and decided to implement this idea on our hand. Although it
seemed complex at first, we quickly realized that is was an efficient method to making our
design as human-like as possible. In order to understand this approach, it was worthwhile
to research further into the biomechanics of a human hand [10]. The typical human hand is
Department of TCE, KSIT
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equipped with five fingers. They aid in everyday functions, such as brushing your teeth,
grasping your coffee cup, using utensils at meal times, and typing on a computer. The hands
are a human necessity that allowed the world that we live in to be built. Human hands build
the great Pyramids of Egypt, assembled the Great Wall of China, and carved ancient Rome.
Today, we use our hands to build the great world that we live in. We continuously build
the rising cities around the world, we aid in the development of new technologies and
implementation of new technologies that are save energy, save lives, and save time.
Biomechanics refers to the study of the mechanical principles of all living
organisms. Biomechanics is directly related to the organic movements and the organic
structure of any organism, as simplistic as a snake to as intricate as a human hand.
Biomechanics uses orthodox engineering sciences and engineering mechanics to analyse
the organic movements. When speaking about human body movements, biomechanics
refers to the internal bone structure and the connections that bones and joints have along
with the relation of bone movements. In order to have a fully functional and efficient
humanoid robotic hand and arm, it is imperative to fully research the biological design and
functionality of the human hand [1]. Studying the fingers, the palm, and the immediate
relation of arches due to the movements show the functionality and the usefulness of the
hand.

Fig 2.2: Bone structure of Human Arm

Bones
A human forearm has two main bones called the Radius and the Ulna, shown in
figure 2.2. They supply support for the rest of the hand through its skeletal frame consisting
of twenty-seven bones. The wrist contains eight rounded carpal bones, which act as a tunnel
feeding nerves, tendons, and ligaments through the palm to the fingertips. Five metacarpal
bones extend out of the carpus to form the palm. The five metacarpal bones are numbered
I to V, starting from the thumb, being Metacarpal 1, and ending at the pinkie finger, dubbed
as Metacarpal 5. Each finger contains three long, thin bones called phalanges, but the
thumb contains only 2. The first set closest to the palm from your knuckle moving upward,
Department of TCE, KSIT
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is called the Proximal Phalanges, next are the Intermediate Phalanges, and the finger tips,
which are called the Distal Phalanges. The respective joints that connect the phalanges are
the DIP, PIP, and MCP. These are hinge joints that allow the hand to open and close [2].
See figure 2.3.

Fig 2.3: Finger joints and Phalanges

Tendons
Human joints are actuated through tendons, which allow the muscles to move, and
ligaments that work to stabilize the movement of the joints. Both the tendons and ligaments
are comprised of tough, elastic tissue and are attached to both sides of every finger and
thumb. The extensor tendons start as muscles and contract to open the hand. They begin at
the forearm, travel past the back of the wrist, and end as extender hoods that flatten as the
fingers straighten. The tendons that start on the palm side are flexor tendons and contract
to bend the fingers [3]. In order to make our design as human-like as possible, our hand
needs to extend and contract with the same degrees of motion as a human hand. The table
in figure 2.4 shows the average degree of freedom of each joint.

Fig 2.4: Degree of motion of human hand

Arches
The body is capable of moving across and along multiple planes. The movement
perpendicular to these planes can be described as flexion and extension. In more detail,
“flexion is a motion in which the angle of the joint involved decreases [4].” Extension is
the movement that will increase the angle. In regards to the hand, flexion would be the
Department of TCE, KSIT
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movement of closing your hands, and extension would be the movement when the hand
opens. More precisely, the fingers of the hand are considered hinge joints and are located
at the interphalangeal joints [5].

Fig 2.5: Arches of Human Arm

The human hand is the most extraordinary and adaptive extremity of the human
body. It has the ability to grab, grip, and maintain hold of all sized and weighted objects,
from a small pencil in the classroom to heavy weighted bars in a gym. The human hand
performs many different grips due to the combination and usage of fingers and arches
within the palm of the hand. There are three different arches that allow for the precision
and functionality of the fingers during everyday tasks of the hands. The three arches, shown
in figure 2.5, include the proximal transverse arch, the distal transverse arch, and the
longitudinal arch [6].

2.3

LEAP MOTION SENSOR AND SOFTWARE
From a hardware perspective, the Leap Motion Controller is actually quite simple. The

heart of the device consists of two cameras and three infrared LEDs. These tracks infrared
light with a wavelength of 850 nanometres, which is outside the visible light spectrum.
Thanks to its wide-angle lenses, the device has a large interaction space of eight cubic feet,
which takes the shape of an inverted pyramid – the intersection of the binocular cameras’
fields of view. Previously, the Leap Motion Controller’s viewing range was limited to
roughly 2 feet (60 cm) above the device. With the Orion beta software, this has been
expanded to 2.6 feet (80 cm). This range is limited by LED light propagation through space,
since it becomes much harder to infer your hand’s position in 3D beyond a certain distance.
LED light intensity is ultimately limited by the maximum current that can be drawn over
the USB connection. At this point, the device’s USB controller reads the sensor data into
its own local memory and performs any necessary resolution adjustments. This data is then
streamed via USB to the Leap Motion tracking software. The data takes the form of a
grayscale stereo image of the near-infrared light spectrum, separated into the left and right
cameras [19].
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Typically, the only objects you’ll see are those directly illuminated by the Leap Motion
Controller’s LEDs. However, incandescent light bulbs, halogens, and daylight will also
light up the scene in infrared. You might also notice that certain things, like cotton shirts,
can appear white even though they are dark in the visible spectrum.

Fig 2.6: Interaction Area of Leap Motion Sensor

Software
Once the image data is streamed to your computer, it’s time for some heavy
mathematical lifting. Despite popular misconceptions, the Leap Motion Controller doesn’t
generate a depth map – instead it applies advanced algorithms to the raw sensor data. The
Leap Motion Service is the software on your computer that processes the images. After
compensating for background objects (such as heads) and ambient environmental lighting,
the images are analyzed to reconstruct a 3D representation of what the device sees.

Fig 2.7: Gray scale Stereo Image

Next, the tracking layer matches the data to extract tracking information such as
fingers and tools. Our tracking algorithms interpret the 3D data and infer the positions of
occluded objects. Filtering techniques are applied to ensure smooth temporal coherence of
the data. The Leap Motion Service then feeds the results – expressed as a series of frames,
or snapshots, containing all of the tracking data – into a transport protocol.
Through this protocol, the service communicates with the Leap Motion Control
Panel, as well as native and web client libraries, through a local socket connection (TCP
for native, Web Socket for web). The client library organizes the data into an objectoriented API structure, manages frame history, and provides helper functions and classes.
From there the application logic ties into the Leap Motion input, allowing a motioncontrolled interactive experience.
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2.4

PROGRAMMING WITH LEAP MOTION SENSOR

The Leap Motion sensor contains a camera sensor that takes stereographic pictures of
the objects in front of it. Leap Motions internal software then scans the images to look for
palms, fingers, and pointable objects such as pencils. All these are also combined and
recorded as one frame at each position in space. LM scans and sends the PC about 300
frames per second. At this speed, the LM device is able to see and use information quickly
and accurately, making for great response times [7]. Once all objects in a frame are
identified, they are assigned a unique internal ID that the software uses to keep track of the
individual parts of the hand. The leap motion controller preserves an internal model of the
human hand and compares it to the current image of the user’s hand using the previous ID.
This is a method used by Leap Motion to correct any invalid data read by the sensor due to
a hand being partially out of range or a finger hidden due to a bad angle [8]. The Controller
class and core interface of the LM controller is very powerful. We can access each frame
of tracking data and configuration information from the established Controller class. For
example, using Java frame data can be used at any time by the Controller.frame() function.
The latest frame information can be polled by calling frame(0) or frame(). The controller
can store up to 60 in its historical frame. The previous frame can be called by setting the
history parameter to a positive integer.
An instance of a subclass of Leap Listener can be added to the controller to handle
the events from the Leap Motion sensor. Each subclass listener can be initialized, exited
or changed the connection status according to the operating system input focus. When
events occur, the controller object invokes the corresponding call back function in each
predefined listener object. In our project, we did not add listener mainly based on our goal
of project [22]. However, if our robot arm needs to meet more demands, we could optimize
algorithm using Listener subclass. The controller object is multi-threaded and calls
Listener functions on its own thread instead of an application thread [8]. Within the
tracking area of Leap Motion sensor, the internal model detects human arms, hands,
fingers, and tools, recording and reporting their position information, gesture information
and motion in frames. The default frame rate is 300 frames per second. The frame rate can
be detected and modified by software tracking and other functions. For example,
frame.currentFramesPerSecond() can get the instantaneous frame rate. The Pointable class
provides the physical characteristics of a detected finger or tool. Pointable objects include
fingers and tools. Pointable.isFinger() function determines whether a Pointable object
represents a finger. Pointable.isTool() function determines whether a Pointable object
represents a tool. A typical tool is defined as a finger like tool that is longer than finger [8].
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2.5

DESIGNING ROBOTIC ARM
The preliminary design establishes parameters to work with. This work includes

detailed sketches and diagrams of the layout of the robotic arm.

Fig 2.8: Robotic arm from a open source website

The robotic arm parameters were tweaked and re-established to have a more defined
and more optimum framework. Drawing out each individual piece was a good way to
visualize the actual size of the robotic arm [9]. After the preliminary design portion.

Fig 2.9: Initially printed Robotic Arm

The detailed design is established using a computer aided design program. It
includes specifications on materials, dimensions, design life, packaging and more [9].
There were different concept designs that were laid out on paper. Few drawings are shown
in, figure 2.8,2.9.
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The arm shown in Fig 2.9 had a major disadvantage that when the strings were attached
and pulled by servo, the force was applied linearly on the strings, due to which this model
was not efficient. Then we surveyed few other papers which lead to the final structure of
arm as shown in Fig 2.10.

Fig 2.10: Final Robotic Arm

The arm shown in Fig 2.10 has internal path for the strings, thus the force acts
linearly and the model is very efficient to perform various applications as it is similar to
our human arm, when we fine-tune it with requirement of each application [21].

2.6

3D PRINTER
The Model was printed using finder 3d printer as shown in Fig 2.11. Finder features

an intuitive calibration detection system to assist levelling. You are directed to tighten or
loosen levelling screws until a beeper barely sounds, then it detects the distance between
nozzle and build plate to verify whether your levelling is at the right position. Once the first
location is levelled, you’re directed to next two screw locations accordingly with same
operation [13].

Fig 2.11: Flash Forge Finder

In this whole process, you’re well instructed with clear messages on the touchscreen
display. And all of these make calibration much easier and more precise than before. Finder
sports a 3.5-inch HD IPS touchscreen right at the top of the printer with big, easy to
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understand controls. Only 4 taps to start your print, no need to hook it up to your computer!
See previews of model files and you know that is what you want to print. Real-time view
printing status and you know when it will be finished. Built-in multiple languages
compatibility including English, German, French, Dutch, Polski, Korean and Japanese is
added to its ease of use [14]. Finder features the 2nd generation Wi-Fi connection with
more stable wireless file transmission. And now you can send 3D files from your computer
to Finder 4GB memory with your own Wi-Fi network under AP or STA modes. USB stick
is another stable way to transfer files. No USB cable, no interruption even when your
computer runs into standby. The filament management on the Finder is rather impressive.
The cartridge housing for 1.75mm Flash forge PLA filament is able to detect when the
filament is running out and alerts you to load new filament instead of getting stuck with
extruding nothing. Finder can be used with third-party filament if you turn off this function
in the settings. Slide-in build plate allows you to draw it out of the printer and then remove
the finished 3D prints more easily. At same time, it can minimize damages or offsets to the
build plate.

2.7 3D PRINTING
In order to be able to print a physical object, i.e. an object in 3 dimensions, a 3D printer
needs to be able to move on 3 coordinate axes (i.e. most commonly referred to as length,
width and height). But how do you tell the machine where to put its nozzle at a specific
moment? Mathematicians generally refer to the term of "Cartesian coordinate system" in
order to specify the position of a given point in 3- dimensional space. But don't worry, we
are not going to do any maths here [15]. Just have a look at Illustration 3 in order to
understand what is meant by this. The general convention is to use the X, Y and Z axes in
order to map a specific point in a 3D coordinate system as shown in Fig 2.12.

Fig 2.12: The 3D general convention coordinate system

If thinking in 3 dimensions may seem confusing in the beginning, just think about 2
dimensions to start out. Remember how your inkjet printer used to work? It used only 2
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dimensions, i.e. the X and Y axis and may therefore help you understand the process. Once
you had finished typing your document, the computer translated the document into
coordinates for your printer. A moving head printed the letters on paper, usually on one
fixed axis (going from left to right and back - i.e. the horizontal axis) while little motors
drive wheels which advanced the paper page on the other axis (up and down - i.e. the
vertical axis). The principles are the same for a 3D printer, except that it is able to move in
one more direction (depth) and thus is able to physically print objects. Nearly every 3D
printer is built around the principle that its 3 principal axes are linear. This means that their
axes are at right angles to each other and that they move in straight lines (that is: they do
not rotate). Machines which use this principle are known as linear robots or cartesian
coordinate robots, as opposed to Delta- or Polar-type robots. Typical examples of linear
robots are 3D printers, but also computer numerical control (CNC) machines [25].
In order to move along these 3 axes, 3D printers generally make use of fixed rods,
timing belts and pulleys, in order to manoeuvre the print head(s) and or the print platform
to the exact position needed. These timing belts and pulleys are connected to small motors,
which are generally referred to as "stepper motors". These relatively small motors permit
extremely precise movements, often in the vicinity of a fraction of a millimetre. The stepper
motors form an important part of any printer, as they are in a great part responsible for the
quality of your print, i.e. a cheap stepper motor is not able to realise the same accuracy as
more expensive models. Also, when working, they tend to make quite some noise and cheap
stepper motors can be especially noisy. However, more recent models have been addressing
this particular issue and are far quieter then the older models [16].

2.8 FILING
Filing is a material removal process in manufacturing. It is as shown in Fig 2.13 below.

Fig 2.13: Filing of 3D printed material

Similar, depending on use, to both sawing and grinding in effect, it is functionally
versatile, but used mostly for finishing operations, namely in deburring operations. Filing
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operations can be used on a wide range of materials as a finishing operation. Filing helps
achieve workpiece function by removing some excess material and deburring the surface.
Sandpaper may be used as a filing tool for other materials, such as glass. However, in our
proposed system we have used filing tools similar to as shown in the Fig 2.13 to remove
the excess materials and to obtain the desired shape of the object.
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CHAPTER 3

HARDWARE COMPONENTS
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In the proposed system, we have two types of hardware components:
1. Electrical hardware components: they are responsible for movement and motion of the
system
2. Mechanical Structures: they form the skeleton of the system, which are obtained by 3D
printing.

3.1

LEAP MOTION SENSOR

The characteristics of Leap motion sensor is as follows:
1. Leap Motion sensor is a small USB peripheral device, designed to place on a physical
desktop, facing upward
2. It has two monochromatic IR cameras and three infrared LEDs
3. This device has an interactive space of 8 cubic feet above the device
4. Leap Motion controller is equipped with strong API support by the manufacturer which
helps to tracks and recognizes hands, fingers and finger type tools with high precision
and provides updates as a frame of data.
5. Leap Motion’s sensor precision is of the sub-millimeter order, more precisely 0.01 mm.

Fig 3.1: Leap motion sensor Internal View

The device observes a roughly hemispherical area to a distance of about 1 meter. It
is packed with an extreme amount of power and the sensors are located within the sensor
and are incredibly fast and accurate, allowing the user to have as much freedom as he/she
wants. The data that is obtained from the Leap Motion Sensor contains various details of
hand such as position, orientation, and frame ids, finger bone information. These LEDs
generate pattern-less IR light and the cameras generate almost 200 frames per second of
reflected data. This is then sent through a USB cable to the host computer, where it is
analysed by the Leap Motion software [24].
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3.2

PC / SYSTEM

A laptop, often called a notebook or computer, is a portable computer with a clamshell
form factor, with a keyboard on the lower part of the clamshell and a thin LCD/LED
computer screen on the upper portion, which is opened up to use the computer. Laptops are
folded shut for transportation, and thus are suitable for mobile use. A laptop combines the
components, inputs, outputs and capabilities of a desktop computer, including the display
screen, speakers, a keyboard, pointing devices as shown in figure 3.13. Used for writing
MATLAB code, Arduino code and interfacing them with each other and also Leap motion
sensor.

Fig 3.2: PC / System

1. We are using a Dell Laptop
2. It is a Windows 10 Pro system
3. It is a i5 processor
4. It is a dual processor
5. It has a graphic card - intel HD Graphics 4400

3.3

ESP8266 MODULE TRANSCEIVER
These RF modules are very popular among the Arduino tinkerers. The ESP8266

module is used on a wide variety of applications that require wireless control. They
are transceivers which this means that each module can transmit and receive data. These
modules are very cheap and you can use them with any microcontroller (MCU
ESP8266) offers a complete and self-contained Wi-Fi networking solution, allowing it to
either host the application or to offload all Wi-Fi networking functions from another
application processor. When ESP8266 hosts the application, and when it is the only
application processor in the device, it is able to boot up directly from an external flash. It
has integrated cache to improve the performance of the system in such applications, and to
minimize the memory requirements. Alternately, serving as a Wi-Fi adapter, wireless
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internet access can be added to any microcontroller-based design with simple connectivity
through UART interface or the CPU AHB bridge interface.

Fig 3.3: ESP8266 Module Transceiver

Specifications of ESP8266 Module Transceiver
1. 802.11 b/g/n protocol
2. Wi-Fi Direct (P2P), soft-AP
3. Integrated TCP/IP protocol stack
4. Integrated TR switch, balun, LNA, power amplifier and matching network
5. Integrated PLL, regulators, and power management units
6. +19.5dBm output power in 802.11b mode
7. Integrated temperature sensor
8. Supports antenna diversity
9. Power down leakage current of < 10uA
10. Integrated low power 32-bit CPU could be used as application processor
11. SDIO 2.0, SPI, UART
12. STBC, 1×1 MIMO, 2×1 MIMO
13. A-MPDU & A-MSDU aggregation & 0.4µs guard interval
14. Wake up and transmit packets in < 2ms
15. Standby power consumption of < 1.0mW (DTIM3)

3.4

POWER SUPPLY

We are using a switched-mode power supply (SMPS) as the power supply. A switched
mode power supply is an electronic circuit that converts power using switching devices that
are turned on and off at high frequencies, and storage components such as inductors or
capacitors to supply power when the switching device is in its non-conduction state.
Switching power supplies have high efficiencies and are widely used in a variety of
electronic equipment, including computers and other sensitive equipment requiring stable
and efficient power supply. A switched-mode power supply is also known as a switchmode power supply or switching-mode power supply. The input DC supply from a rectifier
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or battery is fed to the inverter where it is turned on and off at high frequencies of between
20 KHz and 200 KHz by the switching MOSFET or power transistors.
Advantages of switched-mode power supply
1. Higher efficiency of 68% to 90%
2. Regulated and reliable outputs regardless of variations in input supply voltage
3. Small size and lighter
4. Flexible technology
5. High power density

Fig 3.4: SMPS

Disadvantages of switched-mode power supply
1. Generates EMI
2. Complex circuit design
3. Expensive compared to linear supplies
The high-frequency voltage pulses from the inverter are fed to the transformer primary
winding, and the secondary AC output is rectified and smoothed to produce the required
DC voltages. A feedback circuit monitors the output voltage and instructs the control circuit
to adjust the duty cycle to maintain the output at the desired level. There are different circuit
configurations known as topologies, each having unique characteristics, advantages and
modes of operation, which determines how the input power is transferred to the output.
Most of the commonly used topologies such as fly back, push-pull, half bridge and full
bridge, consist of a transformer to provide isolation, voltage scaling, and multiple output
voltages. The non-isolated configurations do not have a transformer and the power
conversion is provided by the inductive energy transfer. Switched mode power supplies are
used to power a wide variety of equipment such as computers, sensitive electronics, batteryoperated devices and other equipment requiring high efficiency.
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3.5

ARDUINO MEGA 2560
The Mega 2560 is a microcontroller board based on the ATmega2560. It has 54

digital input/output pins (of which 15 can be used as PWM outputs), 16 analog inputs, 4
UARTs (hardware serial ports), a 16 MHz crystal oscillator, a USB connection, a power
jack, an ICSP header, and a reset button. It contains everything needed to support the
microcontroller; simply connect it to a computer with a USB cable or power it with a ACto-DC adapter or battery to get started. The Mega 2560 board is compatible with most
shields designed for the Uno and the former boards Duemilanove or Diecimila. The Mega
2560 is an update to the Arduino Mega, which it replaces [23].
Warnings
The Mega 2560 has a resettable 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 layer of protection. If more than 500 mA is applied to the USB port,
the fuse will automatically break the connection until the short or overload is removed.

Fig 3.5: Arduino Atmega 2560

3.5.1 PROGRAMMING
The Mega 2560 board can be programmed with the Arduino Software (IDE). For
details, see the reference and tutorials. The ATmega2560 on the Mega 2560 comes
preprogramed with a bootloader that allows you to upload new code to it without the use
of an external hardware programmer. It communicates using the original STK500 protocol
(reference, C header files). You can also bypass the bootloader and program the
microcontroller through the ICSP (In-Circuit Serial Programming) header using Arduino
ISP or similar; see these instructions for details. The ATmega16U2 (or 8U2 in the rev1 and
rev2 boards) firmware source code is available in the Arduino repository. The
ATmega16U2/8U2 is loaded with a DFU bootloader, which can be activated by:
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• On Rev1 boards: connecting the solder jumper on the back of the board (near the map
of Italy) and then resetting the 8U2.
• On Rev2 or later boards: there is a resistor that pulling the 8U2/16U2 HWB line to
ground, making it easier to put into DFU mode. You can then use Atmel's FLIP
software (Windows) or the DFU programmer (Mac OS X and Linux) to load a new
firmware. Or you can use the ISP header with an external programmer (overwriting the
DFU bootloader). See this user-contributed tutorial for more information.

Table 3.1 Technical Specifications of Arduino Atmega 2560
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3.5.2 POWER
The Mega 2560 can be powered via the USB connection or with an external power
supply. The power source is selected automatically. External (non-USB) power can come
either from an AC-to-DC adapter (wall-wart) or battery. The adapter can be connected by
plugging a 2.1mm centre-positive plug into the board's power jack. Leads from a battery
can be inserted in the GND and Vin pin headers of the POWER connector. The board can
operate on an external supply of 6 to 20 volts. If supplied with less than 7V, however, the
5V pin may supply less than five volts and the board may become unstable. If using more
than 12V, the voltage regulator may overheat and damage the board. The recommended
range is 7 to 12 volts. The power pins are as follows:
1. Vin- The input voltage to the board when it's using an external power source (as
opposed to 5 volts from the USB connection or other regulated power source). You can
supply voltage through this pin, or, if supplying voltage via the power jack, access it
through this pin.
2. 5V- This pin outputs a regulated 5V from the regulator on the board. The board can be
supplied with power either from the DC power jack (7 - 12V), the USB connector (5V),
or the VIN pin of the board (7-12V). Supplying voltage via the 5V or 3.3V pins
bypasses the regulator, and can damage your board. We don't advise it.
3. 3V3- A 3.3-volt supply generated by the on-board regulator. Maximum current draw is
50 mA.
4. GND- Ground pins.
5. IOREF- This pin on the board provides the voltage reference with which the
microcontroller operates. A properly configured shield can read the IOREF pin voltage
and select the appropriate power source or enable voltage translators on the outputs for
working with the 5V or 3.3V.

3.5.3 MEMORY
The ATmega2560 has 256 KB of flash memory for storing code (of which 8 KB is used
for the bootloader), 8 KB of SRAM and 4 KB of EEPROM (which can be read and written
with the EEPROM library).
See also the mapping Arduino Mega 2560 PIN diagram
The Mega 2560 has 16 analog inputs, each of which provide 10 bits of resolution (i.e.
1024 different values). By default they measure from ground to 5 volts, though is it possible
to change the upper end of their range using the AREF pin and analogReference() function.
1.

AREF, Reference voltage for the analog inputs. Used with analogReference().
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2.

Reset, Bring this line LOW to reset the microcontroller. Typically used to add a reset
button to shields which block the one on the board.

In addition, some pins have special functions
1. Serial: 0 (RX) and 1 (TX); Serial 1: 19 (RX) and 18 (TX); Serial 2: 17 (RX) and 16
(TX); Serial 3: 15 (RX) and 14 (TX). Used to receive (RX) and transmit (TX) TTL
serial data. Pins 0 and 1 are also connected to the corresponding pins of the
ATmega16U2 USB-to-TTL Serial chip.
2. External Interrupts: 2 (interrupt 0), 3 (interrupt 1), 18 (interrupt 5), 19 (interrupt 4), 20
(interrupt 3), and 21 (interrupt 2). These pins can be configured to trigger an interrupt
on a low level, a rising or falling edge, or a change in level. See
the attachInterrupt() function for details.
3. PWM: 2 to 13 and 44 to 46. Provide 8-bit PWM output with the analogWrite() function.
4. SPI: 50 (MISO), 51 (MOSI), 52 (SCK), 53 (SS). These pins support SPI communication
using the SPI library. The SPI pins are also broken out on the ICSP header, which is
physically compatible with the Arduino /Genuino Uno and the old Duemilanove and
Diecimila Arduino boards.
5. 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.
6. TWI: 20 (SDA) and 21 (SCL). Support TWI communication using the Wire library.
See the mapping between Arduino pins and Atmega2560 ports
Each of the 54 digital pins on the Mega can be used as an input or output,
using pinMode(), digitalWrite(), and digitalRead() functions. They operate at 5 volts. Each
pin can provide or receive 20 mA as recommended operating condition and has an internal
pull-up resistor (disconnected by default) of 20-50 k ohm. A maximum of 40mA is the
value that must not be exceeded to avoid permanent damage to the microcontroller.

3.5.4 COMMUNICATION
The Mega 2560 board has a number of facilities for communicating with a computer,
another board, or other microcontrollers. The ATmega2560 provides four hardware
UARTs for TTL (5V) serial communication. An ATmega16U2 (ATmega 8U2 on the
revision 1 and revision 2 boards) on the board channels one of these over USB and provides
virtual com port to software on the computer (Windows machines will need a .inf file, but
OSX and Linux machines will recognize the board as a COM port automatically. The
Arduino Software (IDE) includes a serial monitor which allows simple textual data to be
Department of TCE, KSIT

2017

26

Implementation Of Spatial Augmented Reality To Control Humanoid Robotic Arm

sent to and from the board. The RX and TX LEDs on the board will flash when data is
being transmitted via the ATmega8U2/ATmega16U2 chip and USB connection to the
computer (but not for serial communication on pins 0 and 1). A Software Serial
library allows for serial communication on any of the Mega 2560's digital pins. The Mega
2560 also supports TWI and SPI communication. The Arduino Software (IDE) includes a
Wire library to simplify use of the TWI bus; see the documentation for details. For SPI
communication, use the SPI library.

3.5.5 AUTOMATIC (SOFTWARE) RESET
Rather than requiring a physical press of the reset button before an upload, the Mega
2560 is designed in a way that allows it to be reset by software running on a connected
computer. One of the hardware flow control lines (DTR) of the ATmega8U2 is connected
to the reset line of the ATmega2560 via a 100 nano-farad capacitor. When this line is
asserted (taken low), the reset line drops long enough to reset the chip. The Arduino
Software (IDE) uses this capability to allow you to upload code by simply pressing the
upload button in the Arduino environment. This means that the bootloader can have a
shorter timeout, as the lowering of DTR can be well-coordinated with the start of the
upload.

3.5.6 ARDUINO ATMEGA 2560 PHYSICAL CHARACTERISTICS AND
SHIELD COMPATIBILITY
The maximum length and width of the Mega 2560 PCB are 4 and 2.1 inches respectively,
with the USB connector and power jack extending beyond the former dimension. Three
screw holes allow the board to be attached to a surface or case. Note that the distance
between digital pins 7 and 8 is 160 mil (0.16"), not an even multiple of the 100 mil spacing
of the other pins. The Mega 2560 is designed to be compatible with most shields designed
for the Uno and the older Diecimila or Duemilanove Arduino boards. Digital pins 0 to 13
(and the adjacent AREF and GND pins), analog inputs 0 to 5, the power header, and ICSP
header are all in equivalent locations. Furthermore, the main UART (serial port) is located
on the same pins (0 and 1), as are external interrupts 0 and 1 (pins 2 and 3 respectively).
SPI is available through the ICSP header on both the Mega 2560 and Duemilanove /
Diecimila boards. Please note that I2C is not located on the same pins on the Mega 2560
board (20 and 21) as the Duemilanove / Diecimila boards (analog inputs 4 and 5). This
setup has other implications. When the Mega 2560 board is connected to either a computer
running Mac OS X or Linux, it resets each time a connection is made to it from software
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(via USB). For the following half-second or so, the bootloader is running on the
ATMega2560. While it is programmed to ignore malformed data (i.e. anything besides an
upload of new code), it will intercept the first few bytes of data sent to the board after a
connection is opened.
If a sketch 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 before sending this data. The pads on either side of the trace
can be soldered together to re-enable it. It's labelled "RESET-EN". You may also be able
to disable the auto-reset by connecting a 110 ohm resistor from 5V to the reset line; see this
forum thread for details. We are mainly using this processor in our project, because we
need many digital I/O pins. So, this Arduino is compatible to our project. (For more
information refer Appendix – A)

3.6

SERVO MOTOR
This is nothing but a simple electrical motor, controlled with the help of

servomechanism. If the motor as controlled device, associated with servomechanism is DC
motor, then it is commonly known DC Servo Motor. If the controlled motor is operated by
AC, it is called AC Servo Motor.

Fig 3.6: Servo motor capable of lifting 9Kgs

Servo Motor Theory
There are some special types of application of electrical motor where rotation of the
motor is required for just a certain angle not continuously for long period of time. For these
applications, some special types of motor are required with some special arrangement
which makes the motor to rotate a certain angle for a given electrical input (signal). For this
purpose, servo motor comes into picture. This is normally a simple DC motor which is
controlled for specific angular rotation with the help of additional servomechanism (a
typical closed loop feedback control system). Now day’s servo system has huge industrial
applications. Servo motor applications are also commonly seen in remote controlled toy
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cars for controlling the direction of motion and it is also very commonly used as the motor
which moves the tray of a CD or DVD player. Besides these, there are other hundreds of
servo motor applications we see in our daily life. The main reason behind using a servo is
that it provides angular precision, i.e. it will only rotate as much we want and then stop and
wait for next signal to take further action. This is unlike a normal electrical motor which
starts rotating as and when power is applied to it and the rotation continues until we switch
off the power.

Fig 3.7: Servo motor capable of lifting 19Kgs

We cannot control the rotational progress of electrical motor, but we can only control
the speed of rotation and can turn it ON and OFF. Hence, Servo motor is a special type of
motor which is automatically operated up to certain limit for a given command with help
of error-sensing feedback to correct the performance. In our project, we are using two types
of servo motors
1. It can lift load up to 9kgs and is mainly used for movement of every finger and wrist as
shown in Fig 3.6. (For more information refer Appendix – B)
2. It can lift load up to 19kgs and is mainly used in the biceps movement as shown in Fig
3.7. (For more information refer Appendix – B)

3.7

FORCE SENSOR
This is a force sensitive resistor with a round, 0.5" diameter, sensing area. This FSR

will vary its resistance depending on how much pressure is being applied to the sensing
area. The harder the force, the lower the resistance. When no pressure is being applied to
the FSR its resistance will be larger than 1MΩ. This FSR can sense applied force anywhere
in the range of 100g-10kg.
Dimensions of Force Sensor
1. Overall length: 2.375"
2. Overall width: 0.75"
3. Sensing diameter: 0.5"
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Two pins extend from the bottom of the sensor with 0.1" pitch making it bread board
friendly. There is a peel-and-stick rubber backing on the other side of the sensing area to
mount the FSR.

Fig 3.8: Force Sensor

These sensors are simple to set up and great for sensing pressure, but they aren’t
incredibly accurate. Use them to sense if it’s being squeezed, but you may not want to use
it as a scale. We are mainly using this sensor in our project to tell the user the amount of
force applied on the object.

3.8

TEMPERATURE AND HUMIDITY SENSOR
DHT11 digital temperature and humidity sensor is a composite Sensor contains a

calibrated digital signal output of the temperature and humidity.

Fig 3.9: Temperature and humidity Sensor

Application of a dedicated digital modules collection technology and the
temperature and humidity sensing technology, to ensure that the product has high reliability
and excellent long-term stability. The sensor includes a resistive sense of wet components
and an NTC temperature measurement devices, and connected.
Features of Temperature and Humidity Sensor
1. 3.3-6V Input
2. 1-1.5mA measuring current
3. 40-50 uA standby current
4. Humidity from 0-100% RH
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5. -40 - 80 degrees C temperature range
6. +-2% RH accuracy
7. +-0.5 degrees C
Technical Specifications of Temperature and Humidity Sensor
1. Low cost
2. 3 to 5V power and I/O
3. 2.5mA max current use during conversion (while requesting data)
4. Good for 20-80% humidity readings with 5% accuracy
5. Good for 0-50°C temperature readings ±2°C accuracy
6. No more than 1 Hz sampling rate (once every second)
7. Body size 15.5mm x 12mm x 5.5mm
8. pins with 0.1" spacing
9. with a high-performance 8-bit microcontroller.
It uses a capacitive humidity sensor and a thermistor to measure the surrounding air,
and spits out a digital signal on the data pin (no analog input pins needed). It’s fairly simple
to use, but requires careful timing to grab data. The only real downside of this sensor is you
can only get new data from it once every 2 seconds, so when using our library, sensor
readings can be up to 2 seconds old. This sensor is mainly used, suppose if our project is
used in a chemical industry then to incorporate safety measure to prevent the damage of
the robotic arm.

3.9

LCD (LIQUID CRYSTAL DISPLAY)
LCD (Liquid Crystal Display) screen is an electronic display module and find a

wide range of applications. A 16x2 LCD display is very basic module and is very
commonly used in various devices and circuits.

Fig 3.10: LCD Display 16x2

These modules are preferred over seven segments and other multi segment LEDs. The
reasons being: LCDs are economical; easily programmable; have no limitation of
displaying special & even custom characters (unlike in seven segments), animations and so
on. A 16x2 LCD means it can display 16 characters per line and there are 2 such lines.
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Pin Configuration
Sr.
No

Pin
No.

Pin
Name

Pin Type

Pin Description

Pin Connection

1

Pin
1

Groun
d

Source
Pin

This is a ground pin of
LCD

Connected to the
ground of the MCU/
Power source.

2

Pin
2

VCC

Source
Pin

This is the supply
voltage pin of LCD

Connected to the
supply pin of Power
source

3

Pin
3

V0/V
EE

Control
Pin

Adjusts the contrast of
the LCD.

Connected
to
a
variable POT that can
source 0-5V

4

Pin
4

Regist
er
Select

Control
Pin

Toggles
between
Command/Data
Register

Connected to a MCU
pin and gets either 0 or
1.
0 -> Command Mode
1-> Data Mode

5

Pin
5

Read/
Write

Control
Pin

Toggles the LCD
between Read/Write
Operation

Connected to a MCU
pin and gets either 0 or
1.
0 -> Write Operation
1-> Read Operation.

6

Pin
6

Enabl
e

Control
Pin

Must be held high to
perform Read/Write
Operation

Connected to MCU
and always held high.

7

Pin
714

Data
Bits
(0-7)

Data/Com
mand Pin

Pins used to send
Command or data to
the LCD.

In 4-Wire Mode
Only 4 pins (0-3) is
connected to MCU
In 8-Wire Mode
All 8 pins (0-7) are
connected to MCU

8

Pin
15

LED
Positi
ve

LED Pin

Normal LED like
operation
to
illuminate the LCD

Connected to +5V

9

Pin
16

LED
Negat
ive

LED Pin

Normal LED like
operation
to
illuminate the LCD
connected with GND.

Connected to ground

Table 3.2 Pin Details of LCD
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In this LCD, each character is displayed in 5x7 pixel matrix. This LCD has two
registers, namely, Command and Data. The command register stores the command
instructions given to the LCD.

Fig 3.11: LCD Pin Details

A command is an instruction given to LCD to do a predefined task like initializing
it, clearing its screen, setting the cursor position, controlling display etc. The data register
stores the data to be displayed on the LCD. The data is the ASCII value of the character to
be displayed on the LCD. Click to learn more about internal structure of a LCD.

3.10 FISHING BRAID
Braided line was one of the earliest types of fishing line, and in its modern
incarnations it is still very popular in some situations because of its high knot strength, lack
of stretch, and great overall power in relation to its diameter. Braids were originally made
from natural fibers such as cotton and linen, but natural fiber braids (with the very rare
exception of braided silk) have long since been replaced by braided or woven fibers of a
man-made materials like Dacron, Spectra or micro-dyneema into a strand of line.

Fig 3.12: Fishing Braid

Braided fishing lines have good resistance to abrasion, which is very important
when fishing on rocky and similar terrains, where sharp objects can easily cut other fishing
lines. Their actual breaking strength will commonly well exceed their pound-test rating.
Thus, it is very important to set the drag on reels on very low values. Braided fishing lines
are very flexible and easy to cast far away. Since they usually float, they are common choice
for top water rigs, too. Due to their flexibility, lack of stretch and most important, slippery
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surface, braided lines are hard to knot properly. In order to prevent knots from slipping,
some add a drop of super glue. We are mainly using this in our project as strings for the
movement of every finger nodes when gestured by the user at the leap motion sensor
controller. Braided lines, particularly the newer synthetics, can be successfully used on any
type of fishing reel, but are perhaps most well known as excellent lines for bait casting
reels, in particular for trolling where they remain especially popular among many
fishermen.
Features of Fishing Braid
1. Super strong braided fishing line.
2. Super tough, ultra-reliable line with high tensile strength characteristics.
3. Thin diameter offers accurate casting ultra-powerful with high energy.
4. Tough and round to prevent digging-in on reel.
5. Superior abrasion resistance
6. Maximum load capacity is 16kgs

3.11 MECHANICAL STRUCTURES
These are structures that are 3D printed and forms the skeleton of our system. The
following figures show how they form the skeleton of the system. Each structure is
designed using CAAD software and then the .stl files are converted to .gx files, which are
compatible to be printed by the 3D printer. This is converted by using FlashPrint software.

Fig: 3.12: 3D structures required to make palm of the proposed system
The Fig 3.12 shown above are the 3D structures which make the palm alone, and the Fig
shown in the next sheet are the 3D structures which make the fore arm and biceps of the proposed
system.
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These structures were built only after detailed survey of human arm as explained earlier
in chapter 2.

Fig 3.13: 3D structures required to make the forearm and biceps of the proposed system

All these structures were built using PLA, biodegradable plastic. This material is
very strong, and has high heat resistivity of about 210 degree centigrade. Also, while
joining these structures, each structure should be first filled either using filling tools or sand
paper as explained earlier in chapter 2.
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CHAPTER 4

SOFTWARE
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4.1

LEAP MOTION CONTROLLER SDK
This software is used for the leap motion sensor and the software looks as shown

in Fig 4.1

Fig 4.1: Leap Motion Sensor SDK

Enhanced tracking capabilities: Orion represents a huge increase in the general
capabilities of our tracking technology, including how we handle parts of the hand
hidden from the sensor's line of sight. Its unprecedented sensitivity allows Orion to
maintain reliable tracking even at extreme angles and high occlusion.
Robust to complex environments: From coffee mugs and walls, to windows and
sunlight, the real world presents many tracking challenges. Orion features radical
improvements in how we handle cluttered backgrounds and ambient light – so you can
bring your hand close to, and even in contact with, other surfaces.
Expanded range: Reaching out in virtual reality just feels natural. With Orion's
expanded range, you can stretch out your arms and our tracking will keep up. Just be
careful not to knock anything over!
Vastly improved grab and pinch: With improved tracking, we can now recreate
nuanced physical interactions with digital objects in a way never before possible. With
the Leap Motion Interaction Engine, developers can now access a powerful contextual
bridge between the hand tracking, the physics, and the game engine.
Faster hand recognition: Orion starts tracking faster, and keeps tracking farther, with
lower latency, and in situations where no previous software could keep up. It can
recognize your hands almost instantaneously and keeps up the pace. It's subtle, but
you'll notice right away how responsive it feels.
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4.1.1 XCODE
Xcode is an integrated development environment for macOS containing a suite
of software development tools developed by Apple for developing software for
macOS, iOS, watchOS and tvOS. First released in 2003, the latest stable release is version
8 and is available via the Mac App Store free of charge for macOS Sierra users. Registered
developers can download preview releases and prior versions of the suite through
the Apple Developer website. However, Apple recently made a beta version of version 8.0
of the software available to those of the public with Apple Developer accounts.
Xcode supports source code for the programming languages C, C++, ObjectiveC, Objective-C++, Java, AppleScript, Python, Ruby, ResEdit (Rez), and Swift, with a
variety of programming models, including but not limited to Cocoa, Carbon, and Java.
Third parties have added support for GNU Pascal, Free Pascal, Ada, C#, Perl, and D.
Thanks to the Mach-O executable format, which allows fat binary files, containing code
for multiple architectures, Xcode can build universal binary files, which allow software to
run on both PowerPC and Intel-based (x86) platforms and that can include both 32bit and 64-bit code for both architectures. Using the iOS SDK, Xcode can also be used to
compile and debug applications for iOS that run on ARM architecture processors. Xcode
includes the GUI tool Instruments, which runs atop a dynamic tracing framework, DTrace,
created by Sun Microsystems and released as part of OpenSolaris. The main application of
the suite is the integrated development environment (IDE), also named Xcode. The Xcode
suite includes most of Apple's developer documentation, and built-in Interface Builder, an
application used to construct graphical user interfaces.

4.1.2 NODE.JS
Node.js is

an open-source, cross-platform JavaScript run-time

environment for

executing JavaScript code server-side. Historically, JavaScript was used primarily
for client-side scripting, in which scripts written in JavaScript are embedded in a webpage's
HTML, to be run client-side by a JavaScript engine in the user's web browser. Node.js
enables JavaScript to be used for server-side scripting, and runs scripts server-side to
produce dynamic web page content before the page is sent to the user's web browser.
Consequently, Node.js has become one of the foundational elements of the "JavaScript
everywhere" paradigm, allowing web application development to unify around a single
programming language, rather than rely on a different language for writing server side
scripts. Though .js is the conventional filename extension for JavaScript code, the name
"Node.js" is not referring to a particular file in this context - it's just the name of the product.
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Node.js has an event-driven architecture capable of asynchronous I/O. These design
choices aim to optimize throughput and scalability in Web applications with many
input/output operations, as well as for real-time Web applications (e.g., real-time
communication programs and browser games).

Fig 4.2: Node.js software

The Node.js distributed development project, governed by the Node.js Foundation, is
facilitated by the Linux Foundation's Collaborative Projects program. Corporate users of
Node.js software include GoDaddy, Groupon, IBM, LinkedIn, Microsoft, Netflix, PayPal,
Rakuten, SAP, Voxer, Walmart, Yahoo!, and Cisco Systems. Node.js was originally
written by Ryan Dahl in 2009, about three years after the introduction of the first serverside JavaScript environment, Netscape's LiveWire Pro Web. The initial release supported
only Linux and Mac OSX. Its development and maintenance was led by Dahl and later
sponsored by Joyent. Dahl was inspired to create Node.js after seeing a file upload progress
bar on Flickr. The browser did not know how much of the file had been uploaded and had
to query the Web server. Dahl desired an easier way.
Dahl criticized the limited possibilities of the most popular web server in 2009, Apache
HTTP Server, to handle a lot of concurrent connections (up to 10,000 and more) and the
most common way of creating code (sequential programming), when code either blocked
the entire process or implied multiple execution stacks in the case of simultaneous
connections. Dahl demonstrated the project at the inaugural European JSConf on
November 8, 2009. Node.js combined Google's V8 JavaScript engine, an event loop and a
low-level I/O API. The project received a standing ovation. In January 2010, a package
manager was introduced for the Node.js environment called npm. The package manager
makes it easier for programmers to publish and share source code of Node.js libraries and
is designed to simplify installation, updating and uninstallation of libraries. In June 2011,
Microsoft and Joyent implemented a native Windows version of Node.js. The first Node.js
build supporting Windows was released in July 2011. In January 2012, Dahl stepped aside,
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promoting co-worker and npm creator Isaac Schlueter to manage the project. In January
2014, Schlueter announced that Timothy J. Fontaine would lead the project. In December
2014, Fedor Industry started io.js, a fork of Node.js. Due to the internal conflict over
Joyent's governance, io.js was created as an open governance alternative with a separate
technical committee. Unlike Node.js, the authors planned to keep io.js up-to-date with the
latest releases of the Google V8 JavaScript engine. In February 2015, the intent to form a
neutral Node.js Foundation was announced. By June 2015, the Node.js and io.js
communities voted to work together under the Node.js Foundation. In September 2015,
Node.js v0.12 and io.js v3.3 were merged back together into Node v4.0. This brought
V8 ES6 features into Node.js, and a long-term support release cycle. As of 2016, the io.js
website recommends that developers switch back to Node.js and that no further releases of
io.js are planned due to the merger.

4.1.3 GLMATRIX
JavaScript has evolved into a language capable of handling real-time 3D graphics, via
WebGL, and computationally intensive tasks such as physics simulations. These types of
applications demand high performance vector and matrix math, which is something that
JavaScript doesn't provide by default. glMatrix to the rescue!glMatrix is designed to
perform vector and matrix operations stupidly fast! By hand-tuning each function for
maximum performance and encouraging efficient usage patterns through API conventions,
glMatrix will help you get the most out of your browsers Javascript engine.
A note about Matrix formatting

glMatrix is modelled after the needs of WebGL, which in turn uses matrix
conventions set by OpenGL. Specifically, a 4x4 matrix is an array of 16 contiguous floats
with the 13th, 14th, and 15th elements representing the X, Y, and Z, translation
components. This may lead to some confusion when referencing OpenGL documentation,
however, which represents out all matrices in column-major format. This means that while
in code a matrix may be typed out as given above.
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The same matrix in the OpenGL documentation is written as:

Please rest assured, however, that they are the same thing! This is not unique to glMatrix,
either, as OpenGL developers have long been confused by the apparent lack of consistency
between the memory layout and the documentation.

4.1.4 JOHNNY-FIVE
Johnny-Five is an Open Source, Firmata Protocol based, IoT and Robotics
programming framework, developed at Bocoup. Johnny-Five programs can be written for
Arduino (all models), Electric Imp, Beagle Bone, Intel Galileo & Edison, Linino One,
Pinoccio, pcDuino3, Raspberry Pi, Particle/Spark Core & Photon, Tessel 2, TI Launchpad
and more!

Fig 4.3 Johnny-five Software

Johnny-Five has grown from a passion project into a tool for inspiring learning and
creativity for people of all ages, backgrounds, and from all across the world. Johnny-Five
does not attempt to provide "all the things", but instead focuses on delivering robust, reality
tested, highly composable APIs that behave consistently across all supported hardware
platforms. Johnny-Five wants to be a baseline control kit for hardware projects, allowing
you the freedom to build, grow and experiment with diverse JavaScript libraries of your
own choice. Johnny-Five couples comfortably with:
1.

Popular application libraries such as Express.js and Socket.io.

2.

Fellow hardware projects like ar-drone, Aerogel and Spheron
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3.

Bluetooth game controllers like XBox Controller and DualShock

4.

IoT frameworks, such as Octoblu

4.1.5 .WS (WEB SOCKET)
.ws is a simple to use, blazing fast, and thoroughly tested WebSocket client and server
implementation.

Passes

the

quite

extensive

Autobahn

test

suite.

See http://websockets.github.io/ws/ for the full reports.
Note: This module does not work in the browser. The client in the docs is a reference to a
back end with the role of a client in the WebSocket communication. Browser clients must
use the native WebSocket object.

4.1.6 UNDERSCORE.JS
UnderScore .js is a JavaScript library that provides a whole mess of useful functional
programming helpers without extending any built-in objects. It’s the answer to the question:
“If I sit down in front of a blank HTML page, and want to start being productive
immediately, what do I need?” and the tie to go along with jQuery's tux and Backbone's
suspenders. Underscore provides over 100 functions that support both your favorite
workaday functional helpers: map, filter, invoke — as well as more specialized goodies:
function binding, JavaScript templating, creating quick indexes, deep equality testing, and
so on.

4.2

ARDUINO SOFTWARE
Arduino is an open-source prototyping platform based on easy-to-use hardware and

software. Arduino boards are able to read inputs - light on a sensor, a finger on a button, or
a Twitter message - and turn it into an output - activating a motor, turning on an LED,
publishing something online
You can tell your board what to do by sending a set of instructions to the
microcontroller on the board. To do so you use the Arduino programming language (based
on Wiring), and the Arduino Software (IDE), based on Processing. Over the years, Arduino
has been the brain of thousands of projects, from everyday objects to complex scientific
instruments. A worldwide community of makers - students, hobbyists, artists,
programmers, and professionals - has gathered around this open-source platform, their
contributions have added up to an incredible amount of accessible knowledge that can be
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of great help to novices and experts alike. Arduino was born at the Ivrea Interaction Design
Institute as an easy tool for fast prototyping, aimed at students without a background in
electronics and programming.

Fig 4.4 Arduino Software

As soon as it reached a wider community, the Arduino board started changing to
adapt to new needs and challenges, differentiating its offer from simple 8-bit boards to
products for IoT applications, wearable, 3D printing, and embedded environments. All
Arduino boards are completely open-source, empowering users to build them
independently and eventually adapt them to their particular needs. The software, too, is
open-source, and it is growing through the contributions of users worldwide.

4.2.1 WHY ARDUINO?
Thanks to its simple and accessible user experience, Arduino has been used in
thousands of different projects and applications. The Arduino software is easy-to-use for
beginners, yet flexible enough for advanced users. It runs on Mac, Windows, and Linux.
Teachers and students use it to build low cost scientific instruments, to prove chemistry and
physics principles, or to get started with programming and robotics. Designers and
architects build interactive prototypes, musicians and artists use it for installations and to
experiment with new musical instruments. Makers, of course, use it to build many of the
projects exhibited at the Maker Faire, for example. Arduino is a key tool to learn new
things. Anyone - children, hobbyists, artists, programmers - can start tinkering just
following the step by step instructions of a kit, or sharing ideas online with other members
of the Arduino community. There are many other microcontrollers and microcontroller
platforms available for physical computing. Parallax Basic Stamp, Net media’s BX-24,
Phid gets, MIT's Handy board, and many others offer similar functionality. All of these
tools take the messy details of microcontroller programming and wrap it up in an easy-touse package. Arduino also simplifies the process of working with microcontrollers, but it
offers some advantage for teachers, students, and interested amateurs over other systems:
1. Inexpensive - Arduino boards are relatively inexpensive compared to other
microcontroller platforms. The least expensive version of the Arduino module can be
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2. Assembled by hand, and even the pre-assembled Arduino modules cost less than $50
3. Cross-platform - The Arduino Software (IDE) runs on Windows, Macintosh OSX,
4. and Linux operating systems. Most microcontroller systems are limited to Windows
5. Simple, clear programming environment - The Arduino Software (IDE) is easy-touse for beginners, yet flexible enough for advanced users to take advantage of as well.
For teachers, it's conveniently based on the Processing programming environment, so
students learning to program in that environment will be familiar with how the Arduino
IDE works.
6. Open source and extensible software - The Arduino software is published as open
source tools, available for extension by experienced programmers. The language can be
expanded through C++ libraries, and people wanting to understand the technical details
can make the leap from Arduino to the AVR C programming language on which it's
based. Similarly, you can add AVR-C code directly into your Arduino programs if you
want to.
7. Open source and extensible hardware - The plans of the Arduino boards are published
under a Creative Commons license, so experienced circuit designers can make their own
version of the module, extending it and improving it. Even relatively inexperienced users
can build the breadboard version of the module in order to understand how it works and
save money.

4.2.2 ARDUINO MEGA 2560
The Mega is the second most commonly encountered version of the Arduino family.
The Arduino Mega is like the Arduino Uno's beefier older brother. It boasts 256 KB of
memory (8 times more than the Uno). It also had 54 input and output pins, 16 of which are
analog pins, and 14 of which can do PWM. However, all of the added functionality comes
at the cost of a slightly larger circuit board.
Arduino Mega ADK: This specialized version of the Arduino is basically an Arduino
Mega that has been specifically designed for interfacing with Android smartphones.

4.2.3 ARDUINO LILYPAD
The LilyPad was designed for wearable and e-textile applications. It is intended to
be sewn to fabric and connected to other sewable components using conductive thread.
This board requires the use of a special FTDI-USB TTL serial programming cable. For
more information, the Arduino LilyPad page is a decent starting point. Some people think
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of the entire Arduino board as a microcontroller, but this is inaccurate. The Arduino board
actually is a specially designed circuit board for programming and prototyping with Atmel
microcontrollers. The nice thing about the Arduino board is that it is relatively cheap, lugs
straight into a computer's USB port, and it is dead-simple to setup and use (compared to
other development boards). Some of the key features of the Arduino Mega include:
1. An open source design - The advantage of it being open source is that it has a large
community of people using and troubleshooting it. This makes it easy to find someone
to help you debug your projects.
2. An easy USB interface - The chip on the board plugs straight into your USB port and
registers on your computer as a virtual serial port. This allows you to interface with it as
through it were a serial device. The benefit of this setup is that serial communication is
an extremely easy (and time-tested) protocol, and USB makes connecting it to modern
computers really convenient. Very convenient power management and built-in voltage
regulation. You can connect an external power source of up to 12v and it will regulate it
to both 5v and 3.3v. It also can be powered directly off of a USB port without any
external power.
3. An easy-to-find, and dirt cheap, microcontroller "brain" - The ATmega328 chip
retails for about $2.88 on Digi key. It has countless number of nice hardware features
like timers, PWM pins, external and internal interrupts, and multiple sleep modes.
4. A 16 MHz clock - This makes it not the speediest microcontroller around, but fast
enough for most applications.
5. 256 KB of flash memory - for storing your code.
6. 54 digital pins and 14 analog pins - These pins allow you to connect external hardware
to your Arduino. These pins are key for extending the computing capability of the
Arduino into the real world. Simply plug your devices and sensors into the sockets that
correspond to each of these pins and you are good to go.
7. An ICSP connector for bypassing the USB port and interfacing the Arduino
directly as a serial device - This port is necessary to re-boatload your chip if it corrupts
and can no longer talk to your computer.
8. An on-board LED attached - to digital pin 13 for fast an easy debugging of code.
9. And last, but not least, a button to reset the program on the chip.

4.2.4 ARDUINO IDE
The Arduino has his own application software that enables the programmer to download
and upload programs and other functionalities such as debugging. Before you can start
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doing anything with the Arduino, you need to download and install the ARDUINO IDE
(integrated development environment). From this point on we will be referring to the
Arduino IDE as the Arduino Programmer. This software uses C language as the
programming language for the Arduino as shown in figure 4.5.

Fig 4.5: Arduino IDE Software

The communication between Arduino and PC is accomplished using USB cable to
transfer data serially as shown Fig 4.6

Fig 4.6: Communication between Arduino and PC

4.2.5 SETTINGS
1. Click on ‘tools’. A dropdown appears.
Department of TCE, KSIT

2017

46

Implementation Of Spatial Augmented Reality To Control Humanoid Robotic Arm

2. Select ‘board’ from the dropdown. One more dropdown appears.
3. Next select ‘Arduino mega 2560’.

Fig 4.7: Settings

Next, is to configure the Serial Port: (See figure 4.8).

Fig 4.8: Selecting Arduino Com Port

Serial monitor: The serial monitor allows your computer to connect serially with the
Arduino. This is important because it takes data that your Arduino is receiving from sensors
and other devices and displays it in real-time on your computer. Having this ability is
invaluable to debug your code and understand what number values the chip is actually
receiving. For instance, connect centre sweep (middle pin) of a potentiometer to A0, and
the outer pins, respectively, to 5v and ground. Next upload the sketch shown below:
1. File --> Examples --> 1.Basics --> AnalogReadSerial
2. Click the button to engage the serial monitor which looks like a magnifying glass. You
can now see the numbers being read by the analog pin in the serial monitor. When you
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turn the knob, the numbers will increase and decrease. The numbers will be between
the range of 0 and 1023. The reason for this is that the analog pin is converting a voltage
between 0 and 5V to a discreet number.
3. The Arduino has two different types of input pins, those being analog and digital.
To begin with, let’s look at the digital input pins.
Digital input pins only have two possible states, which are on or off. These two on and off
states are also referred to as:
HIGH or LOW
1 or 0
5V or 0V
This input is commonly used to sense the presence of voltage when a switch is opened
or closed. Digital inputs can also be used as the basis for countless digital communication
protocols. By creating a 5V (HIGH) pulse or 0V (LOW) pulse, you can create a binary
signal, the basis of all computing. This is useful for talking to digital sensors like a PING
ultrasonic sensor, or communicating with other devices. For a simple example of a digital
input in use, connect a switch from digital pin 2 to 5V, a 10K resistor from digital pin 2 to
ground, and run the following code:
File --> Examples --> 2. Digital --> Button
Analog in: Aside from the digital input pins, the Arduino also boasts a number of analog
input pins. Analog input pins take an analog signal and perform a 10-bit analog-to-digital
(ADC) conversion to turn it into a number between 0 and 1023 (4.9mV steps). This type
of input is good for reading resistive sensors. These are basically sensors which provide
resistance to the circuit. They are also good for reading a varying voltage signal between
0 and 5V. This is useful when interfacing with various types of analog circuitry.

4.2.6 ALGORITHM USED TO DEVELOP SOFTWARE
In this block, we explain the algorithm used to develop the logic and the code that
is used to track gesture and the algorithm that is used to run the motors of the robotic arm
as follows:
Step 1: Power the system
In this first step, the system is started by powering it with the help of a 5V battery
for the Robotic Arm and Arduino Board. This step indicates the START of the process.
Step 2: Launch leap motion sdk
In this step, the Leap motion SDK is launched and the values are extracted using java
template node.js.
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Step 3: Capturing gesture
The gesture made by the user is captured by the Leap Motion Sensor. These
readings are extracted using node.js and sent to Arduino Board
Step 4: Mapping
The co-ordinate values received are mapped to servo motors and the servo motors
are rotated to provide the linear motion of the finger.
Step 5: Measuring Temperature and humidity
The temperature and humidity of the surrounding is measured and sent to the user.
Precautions are taken in critical situations when the arm is about to touch a hot surface.
Step 6: Measuring force applied on object
The force applied on the object is sent to the user. This helps the user understand if
he should apply more/less force
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CHAPTER 5

BLOCK DIAGRAM, FLOWCHART AND
INTERFACING
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5.1

SYSTEM BLOCK DIAGRAM
The Block Diagram can be divided into two parts, i.e., Transmitter part which is the

controller and the Receiver part which is the Robotic Arm. At the transmitter part we have
Leap Motion Controller which is used to capture gestures in the 7 cubic feet, semicircle
range from the place the sensor is installed.

(a)

(b)
Fig 5.1: (a) Transmitter side Block Diagram
(b) Receiver side Block Diagram

Since this Leap Motion Controller uses a complex math for processing the node
values, these cannot be done at Arduino directly. So, we used a system which processes
these values using SDK and sends these values to the Arduino. Since Arduino needs power
supply to run, we connect Power Supply to it. The values obtained from Leap Motion
Sensor are coordinates. These Values must be mapped to servo motors and this is done in
the Arduino. These mapped values are send to the receiver part using RF Transceiver.
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At the receiver end, the mapped values are received by the RF Transceiver. These
values are sent to the Arduino where it sends these values to the Servo Motors and Arduino
is powered using Power Supply. The Servo motors are attached to strings where it converts
the Circular motion into Linear motion. Since the Servo motors require more current, we
use external power supply, whereas the control signals are received by the arduino. The
receiver part also has Temperature and Humidity Sensor used for following purpose:
1. To Abort the system when it is about to touch a Hot Surface which may melt the Robotic
Arm or to abort when the Robotic Arm is getting drained in water.
2. To instruct the receiver side about the temperature and humidity of the surrounding
useful for industrial applications.
The receiver part also has the Force Sensor which gives the values of force applied by
each finger. This helps the user know how much force is applied by the arm and if he should
increase or decrease the force. Also, the LCD sensor is mainly used to display the
temperature and humidity of the surrounding to the user and also to display the force
applied by the arm on the object.

5.2

FLOW DIAGRAM
The powering of the robot is done in the first step. After powering of the robot, the

hardware and software components present are initialized. After this, there are Three
continues process running parallel. They are:
1. To take the node values from Leap Motion Sensor and process it.
2. To take values from Temperature and Humidity Sensor and process it.
3. To take values from Force Sensor and process it.
At first, The Leap Motion SDK is launched and the node values are abstracted and
sent to the Arduino Board. If there is any movement detected in the finger, these values are
mapped into degrees and sent via RF Transceiver to the Robotic arm where the servo
motors turn to make the necessary linear motion. This process continues for all fingers,
wrist rotation, biceps movement and rotation. The Temperature and Humidity Sensor keeps
monitoring the Temperature and Humidity of the surrounding and displays it in the
Transmitter part. This helps the user educate the nature of surroundings the Arm is present.
If there is rise in Temperature to an extent where the robotic arm may melt, the sensor
detects it and aborts the system by pushing it backwards and giving an alert to the user.
Similarly, if the arm is about to touch a water surface which may corrode the
electronic parts, similar actions are taken. The Force Sensor measures the Force applied by
the Robotic arm. If the Robotic arm is holding an object at minimum force, moderate force
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and extreme force the same is displayed at the transmitter part. This helps the user to know
how much force he is applying and if he should apply more or less force.

Fig 5.3 Flow Diagram

The above figure, Fig 5.3 shows the flow diagram of the proposed system. Also,
these processes keep running in a loop until the system is turned off, thus providing
minimum risk to the Robotic Arm and maximum efficiency.

5.3

INTERFACING AND SCHEMATIC

Interfacing and Schematic Interfacing includes interfacing of different hardware
components with the Arduino Board. This includes:
1. Interfacing force sensor, temperature Humidity sensor, servo motor, RF Module with
the Arduino MEGA, which is nothing but Robotic arm part.
2. Interfacing Leap sensor to Arduino through System, RF Module with the Arduino
MEGA, which is nothing but Controller part.
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5.3.1 ARDUINO WITH SYSTEM
Why do we need this interfacing? For the most obvious reason that we all write the
code in the system and it is then dumped into Arduino

Fig 5.3 Interfacing of Arduino to system

. And this interfacing is done by making use of standard USB B cable. And the pin
configuration is as shown in the Fig 5.3.

5.3.2 FORCE SENSOR TO ARDUINO
Interfacing of Force sensitive resistor with ATmega328 shown below in Fig 5.6 To
measure a resistive sensor is to connect one end to Power and the other to a pulldown resistor to ground.

Fig 5.4 Interfacing of Force Sensor to Arduino

Then the point between the fixed pull-down resistor and the variable FSR resistor is
connected to the analog input (A0) of a microcontroller such as an Arduino Mega. We have
5 force sensitive resistor which are connected in same manner but to different analog pin
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(A1), (A2), (A3), (A7) of Arduino Mega respectively. The interfacing is done as shown in
Fig 5.6.

5.3.3 LEAP MOTION SENSOR WITH SYSTEM
The output data from leap motion sensor are just values and the Arduino does not
understand values, it only understands serial commands. So, we use an intermediate
processor where the values are converted to commands.

Fig 5.5 Interfacing of Leap Motion Sensor to system

And this interfacing is done by making use of standard USB A cable. The pin
configuration is done as shown in the Fig 5.5.

5.3.4 TEMPERATURE AND HUMIDITY SENSOR WITH THE
ARDUINO
Temperature and Humidity sensor comes generally as 3 pin package. VCC, GND and
DATA out pin.

Fig 5.6 Interfacing of Temperature and Humidity Sensor to Arduino

Where VCC is connected to 5v, ground pin for common ground and DATA out is
connected to one of the digital pin (16) of Arduino mega. The interfacing is done as shown
in Fig 5.6
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5.3.5 POWER SUPPLY TO ARDUINO
This interfacing is mainly done because, any microcontroller needs power supply to
perform operation.

Fig 5.7 Interfacing of Power Supply to Arduino

Here we are using a SMPS as power supply to Arduino and the interfacing is simple, it
has a power cord which is directly connected to the Arduino as shown in the Fig 5.7.

5.3.6 SERVO MOTOR WITH THE ARDUINO
Servo motors are available at different shapes and sizes. A servo motor will have mainly
their wires, one is for positive voltage another is for ground and last one is for position
setting.

Fig 5.8 Interfacing of Servo Motors to Arduino

The RED wire is connected to power, Black wire is connected to ground and YELLOW
wire is connected to Digital pin which supports Pulse Width modulation. In our project, we
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use 8 Servo motors where 6 servo motors of 9kg torque to Control palm and wrist, another
2 Servo motors of 19kg to control Biceps. These 8 Servo motors Signal wire are connected
to Digital pin 2,3,4,5,6,7,8,9 of Arduino respectively. The interfacing is done as shown in
Fig 5.8.

5.3.7 RF MODULE WITH THE ARDUINO
We use ESP8266 Module for wireless communication between Controller and robotic
arm part. It is an 8pin package where VCC shall be connected to the 3.3V power supply.
GPIO0 and GPIO2 are general purpose digital ports. GPIO0 also controls the module mode
(programming or normal operation).

Fig 5.9 Interfacing of RF Transceiver to Arduino

In our case (normal operation), it shall be connected to 3.3V (high). GPIO2 is not used
in this example, so I put it on 3.3V to simplify the connections. CH_PD: Chip enable. Keep
it on high (3.3V) for normal operation. RST: Reset. Keep it on high (3.3V) for normal
operation. Put it on 0V to reset the chip. TX: Goes to Arduino mega. Rx which is pin
number 17. Rx: Goes to Arduino mega Tx2 which is pin number 1 (But needs a voltage
adjusting). GND is ground. The interfacing is done as shown in Fig 5.9
Department of TCE, KSIT

2017

57

Implementation Of Spatial Augmented Reality To Control Humanoid Robotic Arm

5.3.8 LCD WITH THE ARDUINO
We use LCD 16*2 for displaying the temperature and humidity values of the
surrounding.

Fig 5.10 Interfacing of LCD to Arduino

It also displays values of applied force by the arm on the object. We connect the LCD
to Arduino atmega to Digital output D18 pin. The interfacing is done as shown in Fig
5.10

5.3.9 SCHEMATIC

REPRESENTATION

OF

THE

SYSTEM

-

TRANSMITTER AND RECEIVER SIDE
A Schematic diagram (electrical diagram, elementary diagram, electronic
schematic) is a graphical representation of an electrical circuit.A pictorial circuit diagram
uses simple images of components, while a schematic diagram shows the components and
interconnections of the circuit using standardized symbolic representations. The
presentation of the interconnections between circuit components in the schematic diagram
does not necessarily correspond to the physical arrangements in the finished device.
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Unlike a block diagram or layout diagram, a Schematic diagram shows the actual
electrical connections. A drawing meant to depict the physical arrangement of the wires
and the components they connect is called artwork or layout, physical design, or wiring
diagram. Schematic diagrams are used for the design (circuit design), construction (such as
PCB layout), and maintenance of electrical and electronic equipment.

Fig 5.11 Transmitter side

The above representation in Fig 5.11 shows the overall connection that has been made in
the transmitter side and the whole layout is being portrayed.
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The below representation in Fig 5.12 shows the overall connection that has been made in
the receiver side and the whole layout is being portrayed.

Fig 5.12 Receiver Side

All to the Arduino data pins have been represented and the laptop is connected to
the USB port of the Arduino Atmega which helps in providing live feed and also generates
the count value which controls the movement of the robot and as well as to send the
feedback of the surrounding where the arm is installed.
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CHAPTER 6

RESULTS AND ANALYSIS
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6.1

TESTING PROCEDURE
The project “Implementation Of Spatial Augmented Reality To Control Humanoid

Robotic Arm” is developed stage after stage as discussed in the previous chapters. After
the software and hardware is implemented, the next procedure is to test and verify the
working of the systems before it is made a product. The Fig 6.1 below shows the five testing
phases of the project and the testing procedure is carried in five phases and they are as
follows:

Fig 6.1: Five phases of the project

Phase 1: In the beginning, we made a model finger by hot glue. We inserted refill to make
path for the threads and attached servo motor for the movement. The movement was
controlled by a 10k pot. Since the movement was satisfactory we next proceeded to the
next phase of 3D printing.
Phase 2: We designed a 3D model of the robotic arm skeletal system following Golden
Rule. Threads and servo motors were attached. Testing was done by pre-program and 10K
pot where we found many problems. Some of them are:
1. Path of the strings were not linear. Hence the torque applied by the servo motor was
distributed at many angles.
2. Strings we used had elastic property. Hence, we had to replace strings each time for
better efficiency.
Phase 3: To rectify these problems, we re-designed the robotic arm to have a structured
path for each string and also used fishing braids as strings. We designed a Servo Bed for
placing the servo motors and hence the problems were solved. We mounted all the hardware
components and sensors and got satisfactory results. Controlling was done using preprogram and 10K pot.
Phase 4: To create the movement of biceps and rotation of wrist and biceps we further
designed the model as an extension to the made model. We used high torque motors and
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converted rotational motion into linear motion and the feedback for the servomotors was
given externally by the movement of the arm.
Phase 5: Now we interfaced Leap Motion Sensor and developed a java code to extract the
data from leap motion controller and feed it to the Arduino. The Arduino then mapped the
coordinate values into degrees and the gesture was imitated by the Robotic Arm.

6.2

RESULTS
The real-time control of the robotic arm was a success along with the design of the

six-degree of freedom robotic arm. There were a few initial concepts that were designed
but were set aside. These concepts included a serial design much like the one physically
built for the programming of the Leap Motion. The serial design was too similar and was
not under the design parameters that our sponsor wanted.

Fig 6.2: Detection and recognition system for human hand gestures, used for the command and
control of a virtual hand

Our sponsor asked for a design that would allow for specific and precise movements
along the x-axis, y-axis, and z-axis. To facilitate these needs the model was designed to
have a one meter by one meter by one meter in able to have a reach to gather items from
any location within the reachable area and move it to a new location. The most prominent
piece of the design is the telescopic arm. This design was decided upon because of the reach
that it could have and the compactness that it obtains. The Fig 6.2 shows the overall
proposed system.
The design was originally supplied with a pulley system that would retract the arm
however, a rack and pinion design was necessary and much more useful. The arm pieces
are interlocked and drive on the rack and pinion with a small motor. With more time,
mechanical testing, and further development the robotic arm could be reworked and
developed. The robotic arm is designed towards the development of the Leap Motion
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technology. The Leap Motion technology will develop into a great tool that can be used in
the mechanical, medical, and military fields of work.
Testing of leap Motion Sensor: In the Fig 6.2 shown below, the Leap Motion Controller
is interfaced with System and different gestures were made to check the precision.
The precision we obtained with good lightings and angles was about 0.02mm. We
found few blind spots in particular angle and with particular gestures. Also, speed of gesture
capture and precision was tested.

Fig 6.3: Testing of Leap Motion Sensor

This testing also includes even software coding, which was previously explained
in chapter 2 and 4 in detail. Thus, we have successfully completed testing of leap motion
sensor.
Testing of Servo Motor with Arduino: In the Fig 6.3 shown in below, the Servo Motor
was interfaced with Arduino Uno and the working was tested. Efficiency of these motors
can be increased by using high grade motors.

Fig 6.4: Testing of Servo Motor with Arduino

These Motors were then mounted on Arm and the Finger movement was tested by
interfacing it with Leap Motion Controller. Thus, we have successfully completed testing
of servo motors.
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Testing of LCD: In the Fig 6.4 shown below, the DTH11- temperature and humidity sensor
was interfaced with Arduino.

Fig 6.5: Testing of LCD

Since, we are using leap motion sensor, which already uses the serial port, hence
we later interfaced the system with LCD Display and the values were displayed
accordingly. Thus, we have successfully completed testing of LCD.
Testing of Temperature and Humidity Sensor DTH11 with LCD and Arduino: In the
Fig 6.5 shown below, the DTH11- temperature and humidity sensor was interfaced with
Arduino. The temperature and Humidity Values were tested using Serial Monitor.

Fig 6.6: Testing of Temperature and Humidity Sensor DTH11 with LCD and Arduino
Since, we are using leap motion sensor, which already uses the serial port, hence
we later interfaced the system with LCD Display and the values were displayed
accordingly. Thus, we have successfully completed testing of temperature and humidity
sensor (DHT11) with LCD and Arduino.
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Testing of Force Sensor: In the Fig 6.6 shown below, the Force Sensitive Resistor was
Interfaced with Arduino. The readings were observed in Serial Monitor and then we
interfaced it with LED so that when force is applied, LED glows.

Fig 6.7: Testing of Force Sensor

Force sensor (FSR) was tested with different force and output was observed. Thus,
we have successfully completed testing of force sensor.
Testing of RF transceiver, ESP8266: In the Fig. 6.7 shown below, the ESP8266 was
interfaced with Arduino Mega and Serial Communication was made.

Fig 6.8: Testing of RF transceiver, ESP8266

This is mainly used for making the communication between transmitter and receiver
wireless. And this was used both at the transmitter and the receiver side of the proposed
system. Thus, we have successfully completed testing of RF transceiver (ESP8266).
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Final overlook of the project after five phases: When the Mechanical and Electronic
components are built and interfaced, it is as shown in the fig 6.8. The proposed model can
move its fingers, perform wrist rotation and biceps movement.

Fig 6.9: Final overlook of the project after five phases

The Robotic arm is then finally mounted on a wooden support such that it looks similar to
shoulder of a human. Thus, we have successfully built and interfaced all the components
of the proposed system - humanoid robotic arm, which is not restricted to perform specific
tasks.
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CONCLUSION
A robotic arm which is similar to the human arm is built which is not limited the to
one set of tasks. This robotic arm can hold objects like knife, bottle, ball etc., thus reducing
human efforts. The existing robotic arms are not very cost effective. We have designed a
model which is much cheaper than other robotic arms available in the market. It can also
be used in bomb defusal which reduces the risk of human life. The robotic arm makes use
of temperature and humidity sensor to measure the temperature and humidity of the
environment it is operating in. If it is exposed to any hot object, the system is aborted
immediately. We are using a force sensor in each finger to measure the maximum force
that can be applied to prevent the object from breakage or damage. Thus, the proposed
system is interfaced with Leap Motion Controller which makes it advantageous for multiple
applications. The system is incorporated with safety measures to prevent physical damage
to the robotic arm. With the help of force sensor, the amount of force applied to object is
also displayed.

FUTURE SCOPE
The future scope for the project that can make it give a better performance. We have
three major subparts – Live Video Transmission to VR mount, Controller and Robotic arm.
The controller used here is a Leap Motion sensor used to control the robotic arm, which
mainly provides tracking of human hand in spatial domain. User will be wearing the VR
mount which has display with Gyro sensor, the gyro readings are transmitted to Robotic
arm side, where camera is mounted on the 2-axis servo to mimic the movement of the user
head, so user operating the robotic arm will feel the Virtual field around him and which
make him to operate the device very efficiently and conveniently. Live video transmission
will be done using RF Module up to 2 km.
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Overview
The Arduino Mega 2560 is a microcontroller board based on the ATmega2560 (datasheet).
It has 54 digital input/output pins (of which 14 can be used as PWM outputs), 16 analog inputs, 4 UARTs
(hardware serial ports), a 16 MHz crystal oscillator, a USB connection, a power jack, an ICSP header,
and a reset button. It contains everything needed to support the microcontroller; simply connect it to a
computer with a USB cable or power it with a AC to-DC adapter or battery to get started. The Mega is
compatible with most shields designed for the Arduino Duemilanove or Diecimila.

Schematic & Reference Design
EAGLE files: arduino-mega2560-reference-design.zip

Summary
Microcontroller ATmega2560
Operating Voltage
Input Voltage (recommended)
Input Voltage (limits)
Digital I/O Pins
Analog Input Pins
DC Current per I/O Pin
DC Current for 3.3V Pin
Flash Memory
SRAM
EEPROM
Clock Speed

5V
7-12V
6-20V
54 (of which 14 provide PWM output)
16
40 mA
50 mA
256 KB of which 8 KB used by bootloader
8 KB
4 KB
16 MHz

Power
The Arduino Mega can be powered via the USB connection or with an external power supply.
The power source is selected automatically. External (non-USB) power can come either from an AC-toDC adapter (wall-wart) or battery. The adapter can be connected by plugging a 2.1mm center-positive
plug into the board's power jack. Leads from a battery can be inserted in the Gnd and Vin pin headers of
the POWER connector. The board can operate on an external supply of 6 to 20 volts. If supplied with less
than 7V, however, the 5V pin may supply less than five volts and the board may be unstable. If using
more than 12V, the voltage regulator may overheat and damage the board. The recommended range is 7

to 12 volts. The Mega2560 differs from all preceding boards in that it does not use the FTDI USB-to serial
driver chip. Instead, it features the Atmega8U2 programmed as a USB-to-serial converter.
The power pins are as follows:
● VIN. The input voltage to the Arduino board when it's using an external power source
(as opposed to 5 volts from the USB connection or other regulated power source). You
can supply voltage through this pin, or, if supplying voltage via the power jack, access
it through this pin.
● 5V. The regulated power supply used to power the microcontroller and other components on the
board. This can come either from VIN via an on-board regulator, or be supplied by USB or another
regulated 5V supply.
● 3V3. A 3.3 volt supply generated by the on-board regulator. Maximum current draw is
50 mA.
● GND. Ground pins.

Memory
The ATmega2560 has 256 KB of flash memory for storing code (of which 8 KB is used for
the bootloader), 8 KB of SRAM and 4 KB of EEPROM (which can be read and written with the
EEPROM library).

Input and Output
Each of the 54 digital pins on the Mega can be used as an input or output, using pinMode(),
digitalWrite(), and digitalRead() functions. They operate at 5 volts. Each pin can provide or
receive a maximum of 40 mA and has an internal pull-up resistor (disconnected by default)
of 20-50 kOhms. In addition, some pins have specialized functions:
● Serial: 0 (RX) and 1 (TX); Serial 1: 19 (RX) and 18 (TX); Serial 2: 17 (RX)
and 16 (TX); Serial 3: 15 (RX) and 14 (TX). Used to receive (RX) and transmit (TX) TTL serial data. Pins
0 and 1 are also connected to the corresponding pins of the ATmega8U2 USB-to-TTL Serial chip.
● External Interrupts: 2 (interrupt 0), 3 (interrupt 1), 18 (interrupt 5),
19 (interrupt 4), 20 (interrupt 3), and 21 (interrupt 2). These pins can be configured to trigger an
interrupt on a low value, a rising or falling edge, or a change in value. See the attach Interrupt() function
for details.
● PWM: 0 to 13. Provide 8-bit PWM output with the analogWrite() function.
● SPI: 50 (MISO), 51 (MOSI), 52 (SCK), 53 (SS). These pins support SPI communication using the SPI
library. The SPI pins are also broken out on the ICSP header, which is physically compatible with the
Uno, Duemilanove and Diecimila.
● 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.
● I2C: 20 (SDA) and 21 (SCL). Support I2C (TWI) communication using the Wire library (documentation
on the Wiring website). Note that these pins are not in the
same location as the I2C pins on the Duemilanove or Diecimila.
The Mega2560 has 16 analog inputs, each of which provide 10 bits of resolution (i.e. 1024
different values). By default they measure from ground to 5 volts, though is it possible to change the
upper end of their range using the AREF pin and analogReference() function.
There are a couple of other pins on the board:
● AREF. Reference voltage for the analog inputs. Used with analogReference().
● Reset. Bring this line LOW to reset the microcontroller. Typically used to add a reset
button to shields which block the one on the board.

Communication
The Arduino Mega2560 has a number of facilities for communicating with a computer, another
Arduino, or other microcontrollers. The ATmega2560 provides four hardware UARTs for TTL (5V) serial
communication. An ATmega8U2 on the board channels one of these over USB and provides a virtual
com port to software on the computer (Windows machines will need a .inf file, but OSX and Linux
machines will recognize the board as a COM port automatically. The Arduino software includes a serial
monitor which allows simple textual data to be sent to and from the board. The RX and TX LEDs on the
board will flash when data is being transmitted via the ATmega8U2 chip and USB connection to the
computer (but not for serial communication on pins 0 and 1). A SoftwareSerial library allows for serial
communication on any of the Mega2560's digital pins. The ATmega2560 also supports I2C (TWI) and SPI
communication. The Arduino software includes a Wire library to simplify use of the I2C bus; see the
documentation on the Wiring website for details. For SPI communication, use the SPI library.

Programming
The Arduino Mega can be programmed with the Arduino software (download). For details, see
the reference and tutorials. The ATmega2560 on the Arduino Mega comes preburned with a bootloader
that allows you to upload new code to it without the use of an external hardware programmer. It
communicates using the original STK500 protocol (reference, C header files). You can also bypass the
bootloader and program the microcontroller through the ICSP (In-Circuit Serial Programming) header; see
these instructions for details.

Automatic (Software) Reset
Rather than requiring a physical press of the reset button before an upload, the Arduino
Mega2560 is designed in a way that allows it to be reset by software running on a connected computer.
One of the hardware flow control lines (DTR) of the ATmega8U2 is connected to the reset line of the
ATmega2560 via a 100 nano farad capacitor. When this line is asserted (taken low), the reset line drops
long enough to reset the chip. The Arduino software uses this capability to allow you to upload code by
simply pressing the upload button in the Arduino environment. This means that the bootloader can have a
shorter timeout, as the lowering of DTR can be well-coordinated with the start of the upload. This setup
has other implications. When the Mega2560 is connected to either a computer running Mac OS X or
Linux, it resets each time a connection is made to it from software (via USB). For the following halfsecond or so, the bootloader is running on the Mega2560. While it is programmed to ignore malformed
data (i.e. anything besides an upload of new code), it will intercept the first few bytes of data sent to the
board after a connection is opened. If a sketch 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 before sending this data.
The Mega2560 contains a trace that can be cut to disable the auto-reset. The pads on either side
of the trace can be soldered together to re-enable it. It's labeled "RESET-EN". You may also be able to
disable the auto-reset by connecting a 110 ohm resistor from 5V to the reset line; see this forum thread
for details.

USB Over current Protection
The Arduino Mega2560 has a resettable poly fuse that protects your computer's USB
ports from shorts and over current. Although most computers provide their own internal
protection, the fuse provides an extra layer of protection. If more than 500 mA is applied to
the USB port, the fuse will automatically break the connection until the short or overload is
removed.

Physical Characteristics and Shield Compatibility
The maximum length and width of the Mega2560 PCB are 4 and 2.1 inches respectively, with the USB
connector and power jack extending beyond the former dimension. Three screw holes allow the board to
be attached to a surface or case. Note that the distance between digital pins 7 and 8 is 160 mil (0.16"),

not an even multiple of the 100 mil spacing of the other pins. The Mega2560 is designed to be compatible
with most shields designed for the Uno, Diecimila or Duemilanove. Digital pins 0 to 13 (and the adjacent
AREF and GND pins), analog inputs 0 to 5, the power header, and ICSP header are all in equivalent
locations. Further the main UART (serial port) is located on the same pins (0 and 1), as are external
interrupts 0 and 1 (pins 2 and 3 respectively). SPI is available through the ICSP header on both the
Mega2560 and Duemilanove / Diecimila. Please note that I2C is not located on the same pins on the
Mega (20 and 21) as the Duemilanove / Diecimila (analog inputs 4 and 5).
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MG995

High Speed
Metal Gear Dual Ball Bearing Servo

The unit comes complete with 30cm wire and 3 pin 'S' type female header connector that fits
most receivers, including Futaba, JR, GWS, Cirrus, Blue Bird, Blue Arrow, Corona, Berg,
Spektrum and Hitec.
This high-speed standard servo can rotate approximately 120 degrees (60 in each direction).
You can use any servo code, hardware or library to control these servos, so it's great for
beginners who want to make stuff move without building a motor controller with feedback &
gear box, especially since it will fit in small places. The MG995 Metal Gear Servo also
comes with a selection of arms and hardware to get you set up nice and fast!
Specifications
•
•
•
•
•
•
•
•

Weight: 55 g
Dimension: 40.7 x 19.7 x 42.9 mm approx.
Stall torque: 8.5 kgf·cm (4.8 V ), 10 kgf·cm (6 V)
Operating speed: 0.2 s/60º (4.8 V), 0.16 s/60º (6 V)
Operating voltage: 4.8 V a 7.2 V
Dead band width: 5 µs
Stable and shock proof double ball bearing design
Temperature range: 0 ºC – 55 ºC

VS-11 SERVO
TECHNICAL DATA
Pulse width control, 1500μs neutral
4.8V～6.0V (DC)
Counter clockwise/pulse traveling 800 to 2200 μsec.
at 4.8V
at 6.0V
0.22sec/60°at no load
0.19sec/60° at no load
≥15kgf.cm(208.31oz/in)
≥19kgf.cm(263.86oz/in)
～0.25A
～0.28A
～2.5A
～3.5A
≥170°

Control System:
Operating Voltage:
STD Direction:
Test Voltage:
Operating Speed:
Stall Torque:
Running Current:
Stall Current:
Output Angle:
Dead Band Width:

Motor Type:
Potentiometer Life:
Bearing:
Gear Material:
Spline Horns:
Connector Wire Length:
Other Features:

DIMENSIONS
Size :
Weight:

C
N

3poles metal brush motor (Heavy-duty Motor)
1,000,000 cycles
2pcs Ball bearing
Resin and Heavy Duty Resin
Spline type for FUTABA style
250mm(9.84in),22AWG(Connector for FUTABA or HITEC style)
Water Resistance

E
R

E
F

E
R

60×29.1×54.3mm(2.36×1.15×2.14in)
100g(3.53oz)

CASE AND HORN DRAWING
54.3

O
E

5μsec

FEATURES

Y
L
N

STD ACCESSORIES: Horn Screw

× 1pc

Cross Horn "D" × 1pc

29.1

Star

9.60

Horn "D" × 1pc

Circular Horn "D" × 1pc
18.90

69.60

60.00

74.00

52.3

R2.25
TYP.4

Cross Horn "D"
17.00

OPTION ACCESSORIES:
Servo Mounter "Set-A": Rubber Mounter × 4pcs and Metal Sleeve × 4pcs

REMARKS:

Version: SPL_VS-11_V1.0_20090831

Star Horn "D"

Circular Horn "D"

