2.1

Signal Acquisition

In our specic problem, the control signal are extracted from the eye movements and facial
expressions. So we had done a deep study on various schemes used for these purposes.
We also mention here about some previous works which make use of these technques.

2.1.1 Eye Tracking Methods
Eye tracking may be used to calculate the destination point. For this, vertical and horizontal angles of the eye gaze have to be identied. Eye blinking may also have to be
detected. Blinking than normal rate can be set as the user indication forthe wheel chair
movement. Various eye tracking methods are depicted here.
2.1.1.1

Infrared occulography (IROG)

It is based on the principal that, if a xed light source is directed at the eye,
the amount of light reected back to a xed detector will vary with the eyes position [1].
This method utilizes measuring the diused reection of infra red light from the frontal
surface of the eyeball. A number of IR light sources are used for illumination, and photo
detectors aimed at receiving the reected light for picking up the signal. Infra-red light
is used as this is invisible to the eye, and doesnt serve as a distraction to the subject.
Figure 2.1 shows a general block diagram for eye movement measuring using IROG. The
detector output, through sucient amplication stages, provide a signal relative to the
eye movement. As infra-red detectors are not inuenced to any great extent by other light
sources, the ambient lighting level does not aect measurements. Spatial resolution (the
size of the smallest movement that can reliably be detected) is good for this technique, it is
of the order of 0.1 degree , and temporal resolutions of 1ms can be achieved. The detection
works well for measuring horizontal eye movements over a fairly large range between 15
and 40 degree depending on system design. For vertical movements, the signal is much
worse if not non-existent, due to the fact that the eyelids occlude the iris-sclera boundary.
This method also suers from the problem that it is dicult to use it over a long period
as the eyes may tend to become dry and tired.
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Figure 2.1: Eye movement measurement using IROG
2.1.1.2

Electro-occulography (EOG)

The Electro-Oculography (EOG) is a method for sensing eye movement and
is based on recording the standing corneal-retinal potential arising from hyperpolarizations
and depolarizations existing between the cornea and the retina; this is commonly known as
an electrooculogram (EOG) Usually, pairs of electrodes are placed either above and below
the eye or to the left and right of the eye. If the eye is moved from the centre position
towards one electrode, this electrode sees the positive side of the retina and the opposite
electrode sees the negative side of the retina. Consequently, a potential dierence occurs
between the electrodes. Assuming that the resting potential is constant, the recorded
potential is a measure for the eye position. Fig. 2.2 shows the most commonly used
conguration to measure the EOG signal [2]. The EOG signals are obtained by placing
two electrodes C and D to detect horizontal movement and another pair above and below
the right eye (A, B) to detect vertical movement. A reference (Ground) electrode is placed
on the top of back of the skull. In addition to the common placements, two more electrodes
are positioned above and below the left eye (A*, B*) added to detect the intentional blink
of the left eye. Its behaviour is almost linear for gaze angles of 50 degree horizontally and
30 degree vertically [3].Figure 2.3 (a) shows the variation of horizontal EOG for various
angles. Figure 2.3(b) shows how blinks and vertical eye movement varies vertical EOG
signal. Besides, monocular blinking (with one eye), diered from all other phenomena
4

Figure 2.2: Placement of electrodes for EOG recording

Figure 2.3: (A). Eye-movement detection with gaze angles (horizontal EOG) (B). Eyemovement and blinking detection (vertical EOG)
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in having an anomalously high amplitude, i.e. 10-20 times greater than that in normal
bilateral blinking and other phenomena, such that they could be identied easily. Simple
Ag-AgCl electrodes are generally used in recordings. Due to the low impedance range of
the silicon-rubber conducting electrode, it is more suitable to sense the very low amplitude
bio- signals.
2.1.1.3

Video Occulography (VOG)

Figure 2.4: Result of Face and Gaze Measurement
The task of a video-based eye tracker is to estimate the direction of gaze
from the pictures delivered by a video camera. This method can perform eye tracking in
dierent ways: measuring angular eye position relative to the head (head mounted video
systems), and measuring eye position relative to the surroundings (remote systems). As
a general rule, measuring eye position relative to the head are more accurate. Whatever
is the type of system the steps involved in eye tracking are the same. In the rst stage,
face is detected and then eye images are generally extracted from them.Then eye pupil
detection is done. From which eye gaze is calculated. Fig. 2.4 is a result from face and
gaze measurement for wheelchair motion [4]. The facial features shown in Fig.2.4 are
dened as the corners of the eyes and the mouth. They can be regarded as patterns
which are distinctive and suitable for tracking based on template matching.This method
is easy to use from user point of view and has good accuracy. But the performance of
this method signicantly depends upon the quality of the camera and the response time
of the software used. If we see the current scenario of the market then the cost of this
system is quite high.
From the initial analysis itself, we can see that EOGs are capable of detecting horizontal and vertical gaze angles for good range. IROG is inecient in calculating vertical gaze
angles. EOG implementation also looks to be a low cost method, as disposable EOGs
cost only about Rs.50 in the market. Eventhough, VOG yields accurate measurements,
its implementation cost is very high. For EOG measurements, there can be noise present
in signal and must be removed before the signal proceesing to avoid false triggering.
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2.2

Motion Planning

In our project, appropriate signal acqisition and processing will yield the
trigger signals for the controller. Thus the distance and direction to the desination point
is made avaialble. Now, the controller have to guide the wheelchair to this destination
point. It may encounter obstacles, so a direct translation may not possible always. So we
have to rely on some ecent path algorithms. Some important bug algorithms are briey
described here along with their strength and weakness. Comparison of these algorithms
in two specic enviornments is given at the end of this section.
The area of path planning and navigation has been studied by various
researchers over the last decades, resulting in a large number of works. One of the most
challenging elds in motion planning is dealing with unknown environment, which is
known as online path planning and will serve our purpose.Our specic environment, in
practical cases may be a house, oce or a hospital. The environment is not so crowded
with obstacles and so motion path is may be simpler.One of the earlier researches in
the eld of online motion planning is the Bug algorithm presented by V. J. Lumelsky
[5] for a point robot to traverse from a start point to a goal point in which the robot
is equipped with a touch sensor. Modern motion algorithms use advanced sensors such
as range sensors in order to get more idea about the environment and so performance of
these bug algorithms have improved considerably.The important class of bug algorithms
which use range sensors are Dist bug, Tangent bug, K bug and point bug.

2.2.1 Dist Bug
The DistBug algorithm was invented by Kamon and Rivlin [6]. The robot
is equipped with a range sensor with maximal detection range R. Dist bug is simple to
implement because it uses range data directly. The results of distbug algorithm may be
improved by using range data to choose the boundary following direction and this would
signicantly reduce the path length in this scenario. Dist bug algorithm has several
disadvantages as the boundary following mode makes the path longer in several cases. It
also waits for the robot to hit the obstacle to change its path eventhough it can earlier
be detected using the range sensors.

2.2.2 Tangent Bug
The TangentBug algorithm was developed by Kamon, Rivlin and Rimon [7].
TangentBug uses distance sensors to build a graph of the robot's immediate surroundings
and uses this to minimize path length. The robot does not have global knowledge and
TangentBug compensates by generating the local tangent graph (LTG). A sample LTG
graph is shown in g.2.5. The LTG is generated by rstly gathering data for the function
r(x), the distance to the rst visible obstacle in a given direction and F, the distance in
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freespace from the current location to the nearest obstacle in the direction of the target.
Check the function r(x) for discontinuities and create nodes there. Also create a node,
T node in the direction of the target. Proceed to the node for which distance between
Ni and t is lowest,where Ni=ith node and t is the target.The LTG is constantly updated
and it is used by the robot to decide the next motion.So eciency of this bug is higher.
The disadvantage of this algorithm is requiring robot to scan 360 degree before making
decision to move to the next target.

Figure 2.5: The local tangent graph

2.2.3 K Bug
The major contribution of this new method relies on the fact that the
algorithm leaves the M line (line connecing start and end points) as soon as a new collision
is found by local sensing [8]. When such an event happens, the robot (here, wheelchair)
has two choices: contour the obstacle by its left side or by its right side. Between these
options, the robot picks the side which has the closest visible point. Such point will be
the next waypoint. Following this procedure, the K-Bug algorithm focuses on contouring
only the necessary points in order to avoid the obstacle, leaping from one extremity to
the other. This strategy helps it to cut short the path distance.

2.2.4 Point Bug
PointBug attempts to minimize the use of obstacle border by looking for
a few important points on the outer perimeter of obstacle area as a turning point to
target and nally generates a complete path from source to target [9].The next point
is determined by output of range sensor which detects the sudden change in distance
from sensor to the nearest obstacle. The robot is capable to scan the environment using
range sensor by rotating itself from 0 up to 360 degree at a constant speed. The robot
8

always ignores the sensor reading at rotation of 180 degree to avoid detection of previous
sudden point. Unlike tangent bug which have the boundary following nature, pointbug
is a point to point sensor based path planning algorithm. It needs very minimal amount
of prior information. The performance of pointbug algorithm depends on total sudden
points detected. The less number of sudden points detected is better. Thus, whether
it outperforms other bug algorithms depends on obstacles in the environment as if the
obstacle is a circle, it will produce less sudden point since a circle has no vertex. The
total vertex in obstacle aects the total sudden points.

Figure 2.6: Comparison of pointbug with other bug algorithms
Performance of these bug algorithms under specic environments is given in Fig. 2.6.
Dist bug proves to be the least ecient algorithm in the class. Boundary following nature
of the dist bug is the reason for its ineciency. In some specic cases, performance of
tangentbug is not upto other bugs. The reason may be same as that of dist bug. K
bug and point bug, being point to point motion algorithms performs well in most of the
cases. This method helps to avoid unnecessary path segments. Performance of these
bug algorithms becomes more ecient as number of vertex of obstacles decreases. The
complete mathematical analysis of point bug algorithm is given in Appendix.
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Chapter 3
Block Diagram Description
This project make use of the Human Computer Interface for easy guidance
of wheelchairs. Such a system acquires control signals from humans will states directly
and process it to guide the wheel chair. Generally, structure of such an HCI based system
can briey be shown as in Fig. 3.1.

Figure 3.1: Block Diagram
Various stages of the proposed system is as follows:
The signal acquisition and processing : For signal capturing, EOG signals may be used.
The EOG signal is a result of a number of factors, including eyeball rotation, movement
and eyelid movement. The EOG changes approximately 14-20 micro volts for each degree
of eye movement. The user gaze at the desired destination point. He then blinks his eyes
at a rate greater than the normal rate. These intentional blinks lead to spikes in vertical
EOG. Eye movements also have a linear relation with the EOG voltages. In HCI based
systems, false triggering may occur due to artifacts from other sources. They may be
mistakenly used as the source of control in these systems. So proper noise removal and
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signal amplication must be done before the signal processing. To avoid this problem,
high-gain instrumentation amplier can be used, together with a band pass lter of specic
range.
By appropriate techniques, we can nd the vertical and horizontal gaze angles from
EOG. For signal processing MATLAB, python or labVIEW may be used. Signal processing helps the identication of eye gaze angles, multiple eye blinks etc. which are the
system trigger signals. By using a suitable interface, they are transmitted to a micro
controller. Thus the controller calculates the distance and angle to the destination point
from the current point. It then guides the wheelchair to the destination point. The path
towards the destination may not be clear always. Various obstacles may be encountered
in the path. So it should control the wheel chair depending on some ecient path algorithms for successful operation. We have found that K bug and point bug are ecient and
commonly used algorithms which needs only minimum amount of prior information. A
micro controller should be programmed in such a way to obtain successful motion towards
the target.
3.1

Signal Acquisition

In this project, user will states are expressed by eye movements and are
acquired by EOG. For measuring EOG, electrodes should be used. Electrodes placed on
either side of the eyes or above and below pick up the potentials generated by the motion
of the eyeball. This potential varies approximately in proportion to the movement of the
eyeballs.

3.1.1 Skin Preparation
The potentials existing at the skin surface can result in a large dc potentials.
Any disturbance of the skin by motion, touching, or deformation can cause this potential
to change and result in motion artifacts. Sweat glands in the epidermis can also contribute
varying extents of skin resistance and skin potential. Such potentials and artifacts can
be reduced by abrading the epidermal skin. An eective approach, is to use an alcohol
swab or similar skin-cleansing solution to wet and clean the skin surface to remove debris,
oils, and damaged or dead epidermal cells. For EOG measurements, being the least
amplitude biological signal, skin resistance must be signicantly lowered, perhaps to below
2 Kohm (Which is normally in 5K-10K).Obviously, reduced motion or muscle activity
while measurement is carried out also helps.
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3.1.2 Biopotential electrodes
The most critical point in the measurement of biopotentials is the contact between electrodes and biological tissue. Both the electrode oset potential and the electrode/tissue
impedance are subject to changes due to relative movements of electrode and tissue. Thus,
two interference signals are generated as motion artifacts: the changes of the electrode
potential and motion-induced changes of the voltage drop caused by the input current
of the preamplier. These motion artifacts can be minimized by providing high input
impedances for the amplier and by reducing the source impedance by use of electrode
gelVarious types of electrodes are available such as Ag-AgCl, gold, conductor polymer,
carbon and needle electrodes. Though such a variety of options exist, only Ag-AgCl
electrodes are readily available.
Fig. 3.2 shows an Ag-AgCl electrode. This type of electrodes consists of a highly
conductive metal, silver, interfaced to silver chloride, and connected via an electrolytic
gel to the human body. Silver-Silver chloride based electrode design is known to produce
the lowest and most stable junction potentials. Additionally, an electrolytic gel, typically
based on sodium or potassium chloride is applied to the electrode. The electrode is
connected to the external instrumentation via a clip. These electrodes are disposable
and cheap. Such electrodes are particularly suited for monitoring and continuous use. To
allow for a secure attachment, a large foam pad attaches the electrode body with adhesive
coating. They are primarily used for ECG measurement.

Figure 3.2: Ag-AgCl electrode
Motion artifacts, interferences from external electromagnetic elds, and noise can also
be generated in the wires connecting electrodes and amplier. Reduction of these interferences is achieved by using twisted pair cables, shielded wires or patient cables. Both cables
have guide wires in order to reduce external interferences. Patient cables are specically
designed for biological signal and are available as integrated to the system. A complete
patient cable system will cost about Rs.6000. Shielded wires are a less costly method
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and are readily available. They are mainly used in ear phones and can carry only uV-mV
voltage level signal.
3.2

Signal Preprocessing

The block diagram for signal preprocessing is as given in the Fig. 3.3. It consists of an
amplier, low pass and high pass lters. A notch lter also may be used.

Figure 3.3: Signal preprocessing stage
The EOG signals are relatively low level signals having a range of 60uV to 1mV. So
we cannot observe it on CRO. So an initial amplication must be done. The input signal
to the amplier consists of ve components:
1. The desired bio potential,
2. Undesired bio potentials (ECG, EEG and EMG)
3. A power line interference signal of 50 Hz and its harmonics,
4. Interference signals generated by the tissue/electrode interface, and
5. Noise.
Therefore, the essential design considerations include proper amplication, high input
impedance and low noise.
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3.2.1 Bio-potential Amplier
Proper design of the amplier provides rejection of a large portion of the signal interferences. The key design component of all bio potential ampliers is the instrumentation
amplier. For most of the instrumentation ampliers, the gain is variable and are set
using an external resistor. The basic requirements that a bio potential amplier has to
satisfy are:
• The physiological process to be monitored should not be inuenced in any way by

the amplier.
• The measured signal should not be distorted.
• The amplier should provide the best possible separation of signal and interferences.

The amplier should provide a high CMRR in the range of 100-140 dB. It will also
help sucient rejection of line frequency interferences. The instrumentation amplier will
have to provide a gain of about 1000-2000. If necessary, multiple gain stages may be used.
High signal-to-noise ratios require the use of very low noise ampliers and the limitation
of bandwidth.

3.2.2 Bio potential lter
The purpose of the high pass and low pass lters is to eliminate interference signals like
amplier oset potentials and to reduce the noise amplitude by the limitation of the
amplier bandwidth. The specic EOG signal have low frequencies which mainly resides
in 0.1Hz - 20 Hz. The acquired signal will have a lot of interference mainly caused by
other bio signals, electrode placement, head movements and noise at line frequency. ECG
is a main source of interference as it have larger amplitude (>1mV) and same frequency
range (0.05Hz-150Hz). Also noise from line frequency at 50Hz also should be minimised.
So a band pass lter of 0.05Hz - 30Hz should be used. A small capacitor connected in
series can remove the DC bias. If necessary, the low pass cut o can further be reduced to
15Hz as EOG resides mostly in this range. A notch lter at 50 Hz can remove the power
line interferences.
3.3

Signal Interfacing

The observed analog signal should be converted to digital by an ADC.
Microcontroller can serve for this purpose or separate ADC ICs may be used. Interfacing
the ADC to the computer turned to be a problem as modern computers doesnt have a
serial port. For that arduino boards may be used. USB to RS232 serial converter or USB
to serial cables using FTDI chips may also be used.
14

3.4

Signal Processing

By proper interfacing, EOG signals are passed to the computer. The processing of EOG
signals are done here inorder to yield the appropriate trigger signals (Eye blinks and gaze
angles). The signal processing can be done using various software environments such
as MATLAB, python, labVIEW etc. MATLAB and labVIEW are proprietary softwares
while python is open source. This project requires real time processing of the EOG data.
The blinks should be detected as soon as they occur. Intentional multiple blinks should
be detected by which the user expresses his will states. Whenever multiple blinks are
detected, gaze angles should be calculated from horizontal and vertical EOG and should
be passed to the controller. We reviewed the capabilities of available softwares. MATLAB
is mainly intended for post processing though it can also be used for real time processing.
labVIEW was found to be used mainly for real time processing. labVIEW automatically
creates a GUI for the user. It is a graphical language and is based on dataow modelling.
Thus development and debugging of programs will be much easier in labVIEW compared
to MATLAB and python. For example, for summing two signals, it just needs the signals
to 'wired' to a summing function icon in its block diagram. No further programming is
needed.
For detecting eye blinks and converting real time voltages to degrees, there is a requirement for a calibration stage. From the calibration stage, one can nd the threshold
voltage for eye blinks. By theory, there exists a linear relationship for EOG amplitude
with gaze angles of 50 deg horizontally and 30 deg vertically. Thus from the calibration
stage, one can nd the oset voltage for 0 degree and calibration coecient for each degree. The algorithm for the detection of multiple blinks and nding the gaze angles is as
given in the Fig.3.4. At rst, it acquires the vertical EOG to detect blinks. If a blink
is detected it starts a timer and the timer value is analysed when next blink is detected.
If it is less than 1 sec, they are intentional double blinks. Then it acquires and save the
data of both EOG channels for the next 1 sec. It averages the data and corresponding
voltages, are converted to degrees and the data is transmitted to the controller.
3.5

Controller

The block diagram for for the controller is as given in the Fig. 3.5. As gaze angle data is
recieved, it nds the direction and distance towards the target. It uses a range sensor and
wheel encoder to acquire data from the enviorment. It the provides the control signals to
the motor.
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Figure 3.4: Signal processing algorithm

Figure 3.5: Controller Block Diagram
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In order to trace a path towards the target, the robot must have provisions to receive the control words that are generated and sent from the labVIEW environment, and use them during path tracing. Microcontroller was selected for receiving the
control/data and trace the path according to specic algorithm. As motion algorithm,
either Kbug or pointbug can be used. Point bug algorithm was selected as it was easier
and takes less time for path selection when obstacles are detected. The algorithm was
thoroughly studied during the initial stage itself. Sucient changes were applied to the
algorithm in order to make it work with adequate speed. At any sudden point, Kbug requires the range sensor to scan 360 degree to nd the nearest sudden point. Point bug is a
greedy algorithm. It chooses the rst sudden point it nds during scanning and suspends
the scanning operation. Thus pointbug saves time.
Pointbug algorithm is briey described by the ow chart Fig. 3.6. After receiving the
serial data, direction and distance towards the target is calculated. Now the robot rotate
towards the target. It uses the range sensor to know whether the path towards the target
is object free. If so, it moves to target. If the robot reaches the target, it stops further
motion.
If the direct path is not available, it moves either left or right and scans the environment. It then nds the edge of the target and move towards that edge. It stops there
after reaching that edge. Then it rotates towards the target direction and continue the
procedure until it reaches the target.
Thus the controller requires some sensors to acquire data from the environment. A
range sensor is needed to nd the distance to nearest obstacle in any direction. A wheel
encoder is needed which will count the number of times the wheel have rotated and give
the distance traversed.

3.5.1 Range sensor
For the pointbug to work properly, a range sensor is needed. A range
sensor is used to nd the free space in any direction. As range sensor, IR or ultrasonic
can be used. IR range sensors are really fast and the output is more accurate. But it
can be used only in a small range which can only upto 80cm. It also cost more. A 50cm
range sensor will cost about Rs.1400. Ultrasonic range sensors have much range which
can be upto 4m. It is cheaper compared to IR ones. But it takes about 30ms for a range
measurement. But it is acceptable.

3.5.2 Wheel encoder
Wheel encoders are devices that allow one to measure the precise speed
or distance a wheel travels. It detect angular rotation by measuring small increments of
movement by observing a signal that varies as the wheel rotates.
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There are many Microcontrollers available like 8051, PIC and ATMEGA and one of
them had to be chosen. PIC16F877A was found to be optimum for this application as this
was more familiar. It satises all our necessities. It have two timers out of which one is
8 bit and latter is 16 bit. It provides serial communication which makes interfacing with
computers easier. Various types of compilers are available for programming the PIC MCU
such as CCS compiler, Hi tech C and MikroC. MikroC provides a very simple interface
to the beginners as it have a lot of inbuilt functions. It can generate the hex le which
can be burnt into a microcontroller chip using suitable programmer. The hex le can be
simulated using various PIC simulators such as Oshonsoft PIC simulator IDE and Real
PIC simulator before actual programming to verify it's working.

Figure 3.6: Point Bug algorithm
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3.5.3 Motor
In actual environment, a wheel chair will navigate the path towards the
target according to the control signals provided by microcontroller. In this project, for
the sake of simplicity and reducing the cost, wheel chair was replaced with a small robot.
The robot includes a basic chassis with two rotating wheels. For balancing the robot,
roller wheels are provided at front and back. DC geared motors are used to move the
wheel of the robot to a prescribed direction. The DC motor is of dual polarity. Supply
provided to the motors is 5V. When both terminals are connected to 0V or 5V, it keeps
the motor rest. When 0V and 5V is given, the motor rotates clockwise or anticlockwise
according to the polarity. Hence the direction of robot can be changed in either direction.

3.5.4 Controlling the motor
µC pins RB1 and RB2 are used for controlling motor 1 and RB3 and RB4

for motor 2.The control signals are given to the motor via the motor driver. Rotating
both motors in clock wise direction will cause forward movement. For rotation to right or

Figure 3.7: Turning method by driving only one motor
left, two options are available. In the rst method ,as seen in Fig. 3.7,the motors attached
with the wheels are rotated in such a way that one motor will rotate and other will be
kept o. In another method, one motor will be rotated in clockwise direction and another
in opposite direction. If the left motor drives forward and right motor drives backward,
the robot will rotate right direction. If it is in the opposite direction, the robot will rotate
left direction instead. In this method the speed of rotation will increase 2 times and less
friction. The turning point is center of robot body. We chose the rst method as it will
have half the speed of the latter.
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3.5.5 Motor Driver
Driver provides necessary current to drive the DC motors, since microcontroller (µC) does not provide enough current in order to drive the DC motor. And also
it has no provision for handling the back emf generated in them while braking, if used
as such it may damage the port pins of the Microcontroller. Hence drivers are used as
intermediate block between µC and the motor. L293D is preferred as driver. The L293D
is a quadruple half H-bridge bidirectional motor driver IC that can drive current of up
to 600mA with voltage range of 4.5 to 36 volts. It is suitable to drive small DC-Geared
motors, bipolar stepper motor etc. It have an enable pin which needs to be high for
activating the motor. By giving the µC PWM output to enable pin, we can control and
speed of the motor.
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Chapter 4
System Explanation
4.1

Signal Acquisition

Ag-AgCl electrodes were chosen for signal acquisition. They just cost Rs.6 per electrode.
Mini alligator clips were used for picking the EOG signals. Standard size of such electrode
is 45x42 mm. To use it for the EOG purpose, it is cut down to smaller size (only for
convenience, to at most 30x30mm). It should not be made much small as it will cause
the electrode to be loosely connected and can cause errors. Later, paediatric electrodes
were bought which is small compared to other one. Shielded wires are used for signal
transmission which cost just Rs.15 per meter.
4.2

Signal Preprocessing

The complete circuit diagram for the preprocessing stage is as shown in the Fig. 4.1.
Various sections of the circuit diagram are explained below.

4.2.1 Biopotential amplier
Instrumentation amplier INA128 was chosen as the bio potential ampliers. They are
readily available and free samples are available directly from texas instruments. The
INA128 is a low power, general purpose instrumentation ampliers oering excellent accuracy. A single external resistor sets any gain from 1 to 10,000. It is available in 8 pin
DIP package. It oer high CMRR of 120dB. Amps usually work with dual polarity supply
that is positive and negative voltage with respect to virtual ground. To lower costs and
complexity, just a couple of 7805 voltage regulators were used for a dual power supply.

4.2.2 Bio potential lter
In this project, a second order low pass lter is used. Two passive low pass lters were
put in cascade, both with a cuto frequency of around 16 Hz.
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Figure 4.1: Circuit diagram
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After amplifying the dierential voltage using the Operational ampliers that resting
potential is unwanted in the EOG signal. On this project the system should be able to
read the fast eye horizontal movements. To remove the unwanted DC oset and just be
able to read the wanted signal wave, simply a small capacitor (0.1 uF) is added.
The output voltage is between +5V and -5V, the microcontroller, however, can only
read voltages between 0 and +5V. A voltage divider consisting of two equal resistors
between -5V and 0V is used for this purpose. -2.5V is given as the ground to the micro
controller. Thus the microcontroller can work within -2.5V and +2.5V. By carefully
choosing the gain of the amplier, the voltage is limited between this ranges. Later
both of the resistors were replaced by potentiometers. This allows varying the range of
voltages with which MCU can work. This is helpful as the eye resting potential is not
that much stable. By the new setting, we can select any 5V range in between -5V and
+5V. PIC16F877A MCU was chosen for analog to digital conversion. It have 8 analog
channels and can provide a resolution of 10 bits. The output of ADC is transmitted to
computer via serial communication using USB to serial converter with FTDI chip using
'Q' as pre ample. PIC MCU's 1 and 2 channels were used for ADC conversion. After
adc conversion, RS232 serial communication was done at a baud rate of 9600 bps by the
MCU. A delay of 8 ms is given between successive adc conversions and with the serial
transmission time the sampling rate was approximately 60 samples per second. To ensure
errorless transmission, clock frequency selected was 11.0592 MHz.
4.3

Signal processing

Signal processing was done using labVIEW. It have a front panel (user interface) and
block diagram (programmer interface). The EOG data was plotted in labVIEW using
NI VISA serial. Horizontal and vertical EOG are as given in the gures. In horizontal
EOG, during left and right movement of the eye, potential variations was observed. It was
relative to eye's gaze angles. A gain of 2274 was given by the instrumentation amplier
with a gain resistance of 22 ohm. During left eye movement, the voltage lowers from the
dc value and stays there. Similarly, for right eye movement's voltage moved upwards.
The voltage variation was of about 3000mV (for the amplied signal).Horizontal signal
variation with eye movement is shown in the Fig. 4.2. For eye blinks, spikes of amplitude
1500mV was seen in vertical EOG. For up and down eye movements, a variation of about
2600mV was seen. Vertical EOG plot is given in the Fig. 4.3.
The calibration procedure is as follows:
The user is equipped with electrodes for determining horizontal and vertical EOG
and is requested to face calibration screen. In the screen, certain points are marked in
horizontal and vertical directions. The distance between the points, position of the user
with respect screen are known. Thus we can calculate the gaze angles by the user for
each point. Now the experimenter requests the user to look at any point for a predened
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Figure 4.2: Horizontal eye movement

Figure 4.3: vertical eye movement
time and corresponding vertical and horizontal EOG measurements are noted. The same
is continued for the remaining points. After acquiring sucient data, gaze angle-EOG
voltage graph can be plotted both for horizontal and vertical direction. Now the best
t linear approximation from the measurements is selected. The linear graph's intercept
gives the voltage for 0 degree. Also we can nd the calibration coecient. To make the
calibration much easier (though may be less accurate), is the use of the laptop screen
itself for the calibration procedure. The corners of the screen can be chosen as the points.
The calibration can also made automatic by the use of labVIEW.
The user rst looks at the centre of the laptop screen. After approximately 4 seconds
(exactly 250 samples) a blink in one of the front panel LED is given, which requests the
user to look at the next calibration point. Next point is top left corner of the screen.
Then again to centre, to bottom left corner and nally to the centre. The entire data is
stored in an array. For the top left corner, the gaze angles calculated are -35 deg,+35 deg
respectively for horizontal and vertical. Similarly for bottom left corner, gaze angles are
35 deg and -35 deg.
From the rst 250 samples, 20 samples from the 125th sample are averaged. Similarly
for other points too averaging is done. First, third and fth points are 0 degree points and
data is averaged for these points. Thus we have 3 set of values. Graphs are plotted both
with vertical and horizontal gaze angles. Using best linear t method, linear approximation is done. This gives the y intercept, which is the potential for 0 degree gaze angle.
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Slope is also calculated. These data are saved (both for vertical and horizontal) to les
which can be accessed later. Oset and slope for vertical EOG in one of the experiment
was found to be 1950mV and 33mV respectively. Similarly for horizontal EOG, oset and
slope found are 1460 and 29mV. For eye blinks the spikes crossed 4000mV always and so
can be regarded as threshold for eye blinks.If eye blink spikes are downwards, reversing
dierential signals will make it upward.
The labVIEW code for calibration procedure is given in the Fig. 4.4.

Figure 4.4: Blink detection and nding the average value

4.3.1 Real time processing
Now oset and slope for both horizontal and vertical EOG and eye blink threshold is set.
A peak detector checks whether the signal crosses threshold for continuous 3 samples its
output goes high which triggers a case statement. Thus a timer starts counting from zero,
the number of samples after the last detected blink. When another blink is detected, it
checks the sample counter value. If it is less than 2, it is regarded as an error. If it is
less than 60, it means that the next blink was within 1 second. If both the conditions
are satised, it triggers another case statement. When this case is true, it initialise an
array and add the next 60 samples into it. The same is done with horizontal EOG. After
storing these samples, it discard the rst 20 samples and average the rest samples. Using
the slope and oset, the voltage level is converted to degrees and is transmitted via serial
port to the controller.
labVIEW code for blink detection and averaging is given in theFig. 4.5. A font panel
is the GUI which will be automatically generated by labVIEW. The built labVIEW front
panel is shown in Fig. 4.6.
4.3.1.1

Voltage - Degree linear relationship

The project works with the fact that, there exists a linear relationship between gaze angle
and EOG signals. So we decided to conrm this. The procedure selected was just the
25

Figure 4.5: Blink detection and nding the average value

Figure 4.6: Front panel for blink detection and nding the gaze angle
calibration procedure itself with the wall as the screen. The distance to the wall from the
user was measured as 1 meter. In horizontal and vertical positions with respect to the 0
degree angle, points were marked as -40,-30,... +30, +40 both for vertical and horizontal
gazes. Corresponding voltages are measured and are plotted as given in the graphs Fig.
4.7 (Horizontal channel only). Figure 4.8 is the plot for horizontal EOG channel vs gaze
angle while Figure 4.9, plot for vertical EOG channel vs vertical gaze angle. It can be
seen that both the plots are approximately linear.
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Figure 4.7: Analysing horizontal voltage change

Figure 4.8: Horizontal EOG vs gaze angle graph

Figure 4.9: vertical EOG vs gaze angle graph
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4.3.1.2

Analysing power line interferences

As the signal passes through a high gain stage, the interferences also get amplied. The
electrodes pick up the power line noises. As the signals appear as common mode signals,
they get attenuated within the amplier itself though some gets through the amplier.
The power line noise is arising from computer and even through lighting equipments. For
preventing these interferences a lot of precautions are needed, such as the use of shield,
ensuring less use of electronics and making the whole system battery powered. The signals
when powered from battery and AC power line are given in the Fig. 4.10. This shows the
necessity of less usage of electronics during signal acquisition.

Figure 4.10: Analysing power line interferences
4.3.1.3

DC drifting

Using surface electrodes with good DC or low frequency characteristics is not sucient to
achieve satisfactory DC measurements because the electrochemical interaction between
the body and the metal contact is unstable. Also the inaccuracies in electrode placement
and electrodes loosely connected to the skin causes the DC to be unstable, known as DC
drifting which is shown in Fog. 4.11.

Figure 4.11: Analysing DC drifting
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Baseline instability after mounting electrodes persists for up to a few hours. The
horizontal EOG for which the user is continuously gazing at a specic point is as given
below. We can clearly see the slow drifting of the DC. The slope of drifting decreases
with time. DC drifting causes the amplier to go to saturation in any one direction and
thus limits the range. DC drifting is unavoidable when using contact electrodes such as
Ag/AgCl electrodes. The problem gets severe for EOG as the signal is very small and so
DC drifting becomes signicant. DC drifting causes errors to the calibrated data.

4.3.2 Analysing accuracy of the signal processing stage
After the calibration is done, the user is asked to look at some predetermined points to
know the gaze angle determined by the signal processing stage. And they are compared
with correct values to analyse the accuracy. The data acquired is given in the table 4.1.
Table 4.1: Analysing Accuracy of signal processing stage

The determined gaze angles show a variance of 3.710 for horizontal and 4.510 for
vertical. The errors were mainly due to:
1.

Less linearity

Linearity between Gaze angle to EOG amplitude is only approximate.
2.

Lower range of vertical gaze angles

The linearity between verical gaze to EOG have comparitively smaller range of 300 .
This is the reason for more error seen for vertical angles. But in actual cases, errors
will be less for the reason that user will not chose a near target for most of the cases.
3.

DC drifting

As specied earlier, DC drifting is the variation of the DC value over time. Delaying
the calibration process will minimize errors due to DC drifting as the DC will turn
constant after some time. Using the analog switch to groundthe electrode with a
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specic time period and then reading fresh data minimizes the errors to great extent.
But this increases circuit complexity.
4.

Less accurate calibration method

The calibration was done using the laptop. As the user is very near to the screen
during calibration, even small errors in the distance between user and screen lead to
much signicant errors in angle determination. Using wall as screen and ensuring
5.

Errors due to electrode positioning

By theory, vertical gazes vary vertical EOG and horizontal angles horizontal EOG.
But due to errors in positioning of electrodes, horizontal angles vary vertical EOG
and vice versa.
6.

Muscle movements doesnt eect horizontal
EOG much,but eects vertical EOG which can be seen in Fig. 4.3. The noise
produced is approximately uniform. As averaging is used, its eect is reduced.
Increased noise in vertical EOG

A user equipped with the system is given in Fig. 4.12.

Figure 4.12: User equipped with the system

4.4

Controller

The complete circuit diagram of the controller is as given in Fig. 4.13.
PIC16F877A was chosen as microcontroller for controlling the robot according to the
control signals provided by the signal processor. It have 8K program words and supports
USART serial communication. It also have three timers and two PWM modules.
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Figure 4.13: Circuit diagram
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When the controller is initialised, it wait for an interrupt that is caused by UART
reception. When data is received, it checks whether the received data is the set preamble,
0xAA. If so, it receives further data which populates 'vert' and 'horiz' variables. They
stand for vertical and horizontal angle. The end of serial data is conrmed by "OK" string
that is attached to the end of the transmitted data. It then checks for the start ag. If it
is set, it means that the robot was during motion when the interrupt was caused. Such a
case comes when the user had initiated motion and then he had changed his mind or the
robot is moving in wrong direction. In such a case, the motion should be stopped at that
instant itself and controller should be re-initiated.
If the start ag is zero, the robot is in STOP state and the user want to move to a
point specied by the gaze angles. From the gaze angles, distance towards the target is
calculated assuming height of the user to be 150 cm. Also direction towards the target
is given by horizontal angle. Now as per the algorithm specied before, it moves towards
the target. When obstacle is detected, it moves either left or right by 6 deg and nd the
range using the ultrasonic sensor. It then subtracts the new value from the previously
stored value. If the dierence is greater than 20cm, it means that an edge is detected
and robot moves to that point. Whenever the robot moves towards any point, it knows
the distance towards the target. To know the distance traversed, it uses IR reectance
sensor. The sensor output is given to the T0CK1 pin of the PIC MCU. It counts the
number of times wheel encoder go high. The data is stored in the TMR0 register. When
TMR0 equals the required count, forward motion is stopped. The output of IR sensor
was not enough to drive the T0CK1 pin to high state. So a transistor switch was placed
in between them.

4.4.1 Ultrasonic sensor
The ECHO ultrasonic sensor provided by rhydolabz cost Rs.950 serves our need as a
range sensor. Its compact size, higher range and easy usability make it a handy sensor
for distance measurement and mapping. The board can easily be interfaced to microcontrollers where the triggering and measurement can be done using one I/O pin. The sensor
transmits an ultrasonic wave and produces an output pulse that corresponds to the time
required for the burst echo to return to the sensor. By measuring the echo pulse width,
the controller will do the mathematics to determine the distance between the module and
the object. It have 3 pins for 5V supply, ground and I/O pin. Giving a pulse of width
just 10us produces an ultrasonic wave and I/O pin goes high. As the wave bounce back
to the receiver, the I/O pin goes low. The pulse width (which can be measured by microcontroller) in us divided by 58 gives the free space in cm. The maximum width of the
pulse is 32ms. The sensor is interfaced to pin RB1 of the PIC microcontroller. Ultrasonic
PWM width is calculated by counting the clock cycles for which sensor output is high.
When the crystal used is 11.0592 MHz, each TMR1H bit transition accounts for 1.59 cm
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Figure 4.14: Ultrasonic sensor working
distance (calculated from ultrasonic sensor datasheet).Working of the ultrasonic sensor is
given in the Fig. 4.14

4.4.2 PIC Compiler
The compiler used was MikroC 1.65 and it oers demo version which limits the program
words to 2000 bytes. This limitation turned to be a big problem in the full implementation
of our algorithm. The size of the program was mainly caused by the use of oat data type
and when they were changed to int, the size of the program was considerably reduced to
approximately half of the original size. Converting oat to int reduces the eciency but
the eect was lowered by multiplying oat variables with 10x, 100x and so on. Though
it was necessary, we were not able to use some of the built in functions of MikroC such
as atan and sqrt because of the maximum program word limit. So we have to use some
approximations. In the case of atan, for small angles (<35), a linear approximation was
done and for the rest, a look up table was created. For the case of sqrt, a specic algorithm
which approximates the root of the number to nearest integer was used.

4.4.3 Problems faced
For PIC16F877A, there is a limit in the stack depth, which is just 8. Whenever MCU
executes a loop or function , it pushes the address to the stack and after executing the
loop, it returns back to the address by popping it from the stack. Though theorectically 8
stack depth is available, in practical cases ,drops to just 5 or 6. One level is taken by the
interrupt function location and some are taken by the compiler routines. As we are trying
to implement an algoithm, there is a number of loops and functions used. So there is a
chance of stack overow and underow. To avoid such possibilities, the while loops were
replaced by goto statement at the end of each loop. at the end of each loop, it checks for
the loop condition , and if true it jumps to the address that is specied by a label.
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The path traversal during a sample experiment is shown in the Fig. 4.15. The source
and target are as given in the gure initially. Then the robot move towards the direction
of target and then it know that path is not object free. Then it moves to the adjacent
sudden point and again checks the path towrds target was object free. Then it moves
towards the next sudden point and continue algorithm to reach target.

Figure 4.15: Robot motion towards target

4.4.4 Analyzing accuracy of controller stage
After the controller stage have been done,gaze angle data was transmitted to the microcontroller and performance of the system with and without obstruction was analysed.
Later, they were compared with correct values to analyse the accuracy. Data acquired
during testing is given in the table 4.2
Table 4.2: Analysing Accuracy of controller stage

The determined path show a variance of 1.820 for angle and 5.56 cm for distance when
the path was object free,which is promising. Though errors increased when there was
obstacle in the path.The determined path show a variance of 5.450 for angle and 13.21
cm for distance when there was object in the path.
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The errors were mainly due to:
1.

Cumulative errors in angle measurement

rotation through specic angles is done by driving the motor by specic time. The
coecient may have errors.
2.

Ultrasonic sensor range errors

For shallow angles with the object, as ultrasonic sensor datasheet describes itself,
may regarded as object free as the reected ray may not be reaching back.
3.

Motor loading

Due to motor loading, sometimes, one motor travels slower than others during forward motion. This lead to a curved traversed path.
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Chapter 5
Results
Several experiments were done step by step and following results were obtained.
• EOG signals were acquired using electrodes. By the use of suitable clips and shielded

wires, the signals were brought to signal pre processing circuitry.
• By proper amplication and sucient ltering the signals was made recognizable,

clean and was observed on labVIEW.
• Linearity between EOG voltages and gaze angles were observed.
• Calibration of the EOG signals were done and yielded voltage oset and slope.
• The program was able to detect multiple blinks in real time and nd gaze angles

during that time.
• Though 100% accuracy was observed for double blink deection a variaion of 3.710
was observed for horizontal gaze and 4.510 for vertical gaze.
• The signals were transmitted through the UART terminal and was received by the

MCU.
• With the acquired data, the robot was able to move towards the target.
• While the robot is in motion and trigger data is received, it stops motion.
• The determined path show a variance of 1.820 for angle and 5.56 cm for distance

when the path was object free,which is promising. Errors increased when there was
obstacle in the path.The determined path show a variance of 5.450 for angle and
13.21 cm for distance when there was object in the path.In some rare cases, the
robot stopped at some wrong target, which is beleived because of errors from range
sensor.
Thus a working model of the project was obtained and found working.
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Chapter 6
Future perspective
Our system can be implemented in the real world with the following modiications which
make the users more comfortable.
• Non contact electrodes such as capacitive electrodes can be used. They are light

weight and doesnt make much distractions to the user.
• Non contact electrodes doesnt show the problems of DC drifting.
• The electrodes can be integrated to spectacles by attaching it to the top,bottom,left

and right sides of the glass.
• The preprocessing stage can be miniaturised to a single and small PCB and can be

loaded to the frames of the glass.
• Acheiving wireless communication standards will make the whole system stand-

alone.
• The portability of the system increase comfortness to the user as it doesnt need the

user to wear the system continously.

37

Appendix
POINT BUG ALGORITHM ANALYSIS

The main goal of the algorithm is to generate a continuous path from start (S) to the
point target (T) and S and T is xed.The distance between two points is denoted as d(A,
B) and for this case specically, d(S, T) = D, where D is a constant. d(An, B ) signies
that point A is located at nth sudden point on the way to T, and P is total length of
connected sudden points from S to T. The line (S, T) is called the main lain or m-line.
As all path generated by the algorithm are straight lines, robot position is measured by
d(x, y) and the total distance can be calculate by totaling all straight lines distance those
connect sudden points.
P =

s+1
X

(An−1 , An )

(6.1)

n=1

In PointBug algorithm, every sudden point found will produce a logical triangle which is
formed from three points namely target point, current sudden point and previous sudden
point. The line between target point and current sudden point is dmin line and its values
are accumulated in an array starting from 0 which is distance from starting point and
target point up to last sudden point before meeting target point. Value dmin[0] is assigned
manually and it is the initial value required to run the algorithm. The values of dmin[1]
to dmin[n] are obtained from cosines rule except dmin[0].
a2 = b2 + c2 − 2bc cos A

if a is if a is dmin then;
dmin =

√
b2 + c2 − 2bc cos A

(6.2)
(6.3)

In equation (3), the value of b is distance between current sudden point and previous
sudden point which is obtained from range sensor and the value of c is previous value of
dmin, then dmin[n] is;
dmin [n] =

q

b2 + dmin [n − 1]2 − 2b × dmin [n − 1] × cos A

(6.4)

The value of 6 A is obtained from rotation of the robot from current direction to next
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direction if the robot located on the starting point, otherwise:
6

A = 180 − 6 Adj − 6 Rotif 6 A ≤ 90

(6.5)

A = 6 Adj + 6 Rotif 6 A > 90

(6.6)

6

where is 6 Adj Adjacent angle of triangle and 6 Rot is the robot rotation angle. 6 Adj
value is obtained from sine rule;
If sin B is 6 Adj then
b sin A
6 Adj = sin−1
(6.7)
a

where the b is previous dmin value and a is current dmin value.
Lemma 1: if dmin[n] = 0, the robot currently is on the target point.
Proof: dmin[n] is the minimum distance between sudden point and target point. If
its value is zero means the sudden point is on the target point, the value of 6 A is zero
and the value of previous dmin[n]is equal to distance between current sudden point and
previous sudden point or c. Let's say value of previous dmin[n] is b, and from equation
(3), the value of dmin[n] is;
dmin [n] =

√

b2 + b2 − 2bb cos 0

dmin [n] =

√

2b2 − 2b2

dmin [n] = 0
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(6.8)
(6.9)
(6.10)
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