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Abstract
Visually impaired people rely on external devices for navigational 
purposes. Perspective Dependent Instantaneous Path 
Recognizer (PDIPR) is a modified mobile phone capable of 
path recognition. The path in front is captured by Range Imaging 
using the Time of Flight (ToF) principle. This involves an active 
illumination source which is an LED bulb attached to the mobile 
near the sensor. Once the image has been taken, the colour 
intensity values are not recorded on the image, instead the 
distance values are directly recorded onto each pixel. This is 
possible by calibrating it in such a way that the shorter the 
distance, the higher will be the 8-bit grey scale value of the pixel. 
The image is taken in such a perspective that the distance from 
the camera to a point on a flat ground will gradually increase, 
as the point on the ground moves farther away from the person. 
Two Standard-Pixel DifferenceMaps (PDMs) are developed 
from this flat path by computing the difference between every 
adjacent pixel in the vertical columns and horizontal rows. 
Now the path in front is captured and the Vertical–PDM and 
Horizontal–PDM are developed from it.If the path is not flat, 
the gradual increase in distance (i.e. the gradual decrease in 
pixel value) from bottom to top of the image will not happen. 
By our pixel difference analysis method any deviations ofpixel 
difference in the Vertical-PDM or Horizontal-PDM of the new 
image from the Standard Vertical-PDM or Standard Horizontal-
PDM can be studied and the path in front can beinferred as a 
traversable path such as a slope or stairs or as a non-traversable 
path with obstacles in it. Both static and moving obstacles are 
recognised by this method.  The appropriate warning can be 
conveyed to the user via vibrations or audio outputs in real 
time. Assisted-GPS with voice recognition helps to navigate 
from one place to another. Combined together, PDIPR proves 
to be a first of its kind, handheld and affordable solution for 
safe navigation of blind individuals in the open world.
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I. Introduction
A person deprived of vision faces two challenges:accessing the 
world of information and navigating through space. While the 
world of information is more readily accessible, we have only 
now begun to address the severe navigational limitations that 
confront the blind traveller. To interact with the surroundings, the 
sighted individual uses a viewpoint-dependent representation 
of the world. Blind individuals do not have an instantaneous 
viewpoint-dependent representation of the world. They must 
build mental maps of layouts and of routes, and make future 
projections along the route based on non-visual memories.
Our device aims at bridging the gap between sighted and non-
sighted individuals by providing an instantaneous feedback 
about the path immediately in front of the person and also 
byguidinghim via an accurate GPS fix. While the former helps 
him to navigate through space by having an idea about the path 
in front and thereby avoid obstacles, the latter eases his need to 
remember complex paths mentally. All this in an affordableand 

compact mobile phone, unlike existing navigational aids which 
are bulky and expensive, makes it easy to carry around and 
also enhances his multitasking abilities such as making phone 
calls or messaging using text-to-speech convertors.

II. Design Considerations
The standard mobile phone is modified as follows: The mobile 
display is done away with and so are its related processors. This 
is both a cost cutting factor and a functional load reduction 
step. The camera consists of a CMOS Sensor of resolution 18x9 
and a LED bulb emitting light in a particular frequency in the 
near infra-red region. Primary mobile functions such as voice 
calling and text messagingalone are retained. The keypad is 
much larger in sizeand is marked in Braille. It also contains 
two distinct buttons: one for activating the Instantaneous Path 
Recognizer and another for GPS assisted navigation. A Highly 
sensitive Magnetometer and an Accelerometer are placed inside 
the device. The GPS antenna is extended externally for more 
accuracy. Battery size is also increased to compensate for the 
increased use of power due to light emission and continuous 
GPS tracking. A processor with a minimum processing speed 
of 400 MHz forms the core.

III. Recording The Path
The mobile phone is handheld with the camera facing diagonally 
downwards. The axial movement of the phone is measured by 
the accelerometer. The pitch of the mobile phone should be 
within 28 and 32 degree and the roll of the mobile phone 
should be nil with an exception of 2 degrees. If the pitch or 
roll exceeds the above values the mobile throws a warning 
to the user. The angle in which the mobile is facing has been 
determined such that it covers an area on the ground ranging 
from 1 foot to 6 feet from the user. The distance of each point 
on the ground,from the camera, measured by a direct ray from 
the point of view of the camera to the point on the ground, 
ncreases steadily for a flat path (fig. 1).

Fig. 1 : Side View – Ground Coverage Of Cam

Our goal is to record this distance of various points on the 
ground. Based on the change in distance of the points on 
the path from the camera, we are going to determine its type 
and its danger level. The 162 pixel CMOS sensor serves this 
purpose extremely well. The low resolution makes processing 
much simpler and faster. The spatial value of each pixel varies 
from 3 square inches in the lower end of the frame to 4 square 
inches in the upper end. This spatial increase is because of 
the perspective in which the image is taken.
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The camera consists of multiple photo diodes arranged in a 
matrix of 18 rows and 9 columns. A Photon Mixing Device (PMD) 
sensor simultaneously acquires a distance value for each pixel 
in addition to the common intensity value.The sensor itself is still 
a standard CMOS sensor.The path is actively illuminated with 
an incoherent light signal. This signal is intensity modulated by 
a cosine-shaped signal of frequencyfmod. The emitted light is 
part of the non-visible area of the spectrum in the near infrared 
spectral range. Travelling with the constant speed of light in the 
surrounding medium, the light signal is reflected by the surface 
of the object.Due to the measurement principle, ToF cameras 
have a non-ambiguous range of dn. It simply defines a range, 
where distances can be computed uniquely. The range depends 
on the modulation frequency of the camera, as this frequency 
defines the wave length of the emitted signal. To compute 
distances, the camera evaluates the phase shift between a 
reference (emitted) signal and the received signal. 

Fig. 2 : Phase Relation between Emitted Signal and Reflected 
Signal

The relation between the phase shift and distance (fig. 2),can 
be seen in the following equation:

Where,
d [m] the distance from a light source to an object (non-• 
ambiguous range)
c [m/s] denotes the speed of light,• 
ƒ•	 mod[MHz] the modulation frequency,
ϕ• d [rad] the phase shift.

We adapt a modulation frequency of 30 MHz with an upper 
limit of 5.6 m. The camera captures two images per second 
contrary to its maximum capacity of 100 images per second. 
Once an image has been taken, the distance values are directly 
recorded onto the pixel as an 8 bit grey scale value. It has 
been calibrated in such a way that the shorter the distance, 
the higher will be the grey scale value. The range of the scale 
is 0 – 399cms. All ‘intelligence’ of the sensor is included on 
the chip, i.e. the distance is computed per pixel.

Pixel Value = 255 – (Distance in cm x 0.64)
The pixel values are recorded onto the image as whole numbers. 
We call this image with the encoded data as Pixel Map. It is 
sent to the processor for path recognition.

IV. Path  Recognition

Fig. 3 : Top View – Ground Coverage of Cam

where
cr – Central Ray to 1x5
Cam Point – Point where cam is held, right above 18x5
lr1 and rr1 – Left and right rays from cam to 18x1 and 18x9 
respectively
lr2 and rr2 – Left and right rays from cam to 1x1 and 1x9 
respectively

The image that is received by the processor is 162 pixels with 
each pixel having a specific 8 bit grey scale value. The 5th 

column of pixels is the Central Reference Meridian (CRM). The 
pixel (18x5) is the closest to the camera for a flatpath.It is right 
below the cam point (Fig. 3)

The computer recognises the path by the following method.For 
a flat path, the distance of every point in the Central Reference 
Meridian (CRM) from the camera gradually increases. (18x5) 
has the highest pixel value and (1x5) has the lowest pixel value 
in the CRM. The decrease of the pixel value from (18x5) to 
(1x5) is gradual. This is found by subtracting the pixel values 
of corresponding pixels in the CRM from bottom to top. i.e. 
(18x5) – (17x5), (17x5)-(16x5), (16x5)-(15x5),...,(2x5)-(1x5). 
The difference in every pair is found to be a positive value 
within a specific range. This gradual decrease in pixel value (i.e. 
increase of distance from camera) occursin all the 9 meridians 
of the image.

In the 18th row, (18x1) and (18x9) are farthest away from the 
camera and the distance decreases as they come closer to 
the CRM. So the horizontal processingis done from the CRM 
towards both the left and right extremities, i.e. (18x5)-(18x4), 
(18x4)-(18x3), (18x3)-(18x2), (18x2)-(18x1) and (18x5)-(18x6), 
(18x6)-(18x7), (18x7)-(18x8), (18x8)-(18x9).In both cases the 
difference is small but positive. This gradual decrease in pixel 
value (i.e. increase in distance from the camera) on either sides 
of the CRM is true for all the rows in a flat path.

This unique pattern of a flat pathconsisting of the differences 
between every vertical and horizontal pair of pixels is the 
Standard Vertical-PDM and the Standard Horizontal-PDM 
respectively. These are stored as twounique images in the 
memory with the pixel values given in Table I and Table II. 
When the device is used for the first time, it is calibrated by 
capturing a flat path and the Standard - PDMs are computed 
from it. The height where the user holds the device needn’t be 
constant because, though the pixel values in the pixel map of 
the flat path may vary, the pixel differences in the Standard - 
PDMs will be the same. 
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Table 1 : Standard Vertical Pixel Difference Map
4 4 5 4 4 4 5 4 4
4 4 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4 4
4 4 3 3 3 3 3 4 4
4 3 3 3 3 3 3 3 4
3 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3
2 2 2 2 2 2 2 2 2
2 2 2 2 2 2 2 2 2
2 2 1 1 1 1 1 2 2
2 1 1 1 1 1 1 1 2
1 1 1 1 1 1 1 1 1
- - - - - - - - -

For every image taken, the various vertical and horizontal 
pixel differences are calculated and the Vertical-PDM and 
Horizontal-PDM are developed. These images are compared 
with the Standard Vertical-PDM and Standard Horizontal-PDM.
The values of the new image’s PDMs should be +/- 5 of the 
corresponding value in the Standard-PDMs for recognising it 
as a flat path. If the camera captures anything other than a 
flat path, there will be greater deviationsin certain pixelsfrom 
the difference values stored in the Standard – PDMs and it is 
considered as an anomaly.

Table 2 : Standard Horizontal Pixel Difference Map 
3 3 1 1 - 1 1 3 3
3 3 1 1 - 1 1 3 3
3 3 1 1 - 1 1 3 3
3 3 1 1 - 1 1 3 3
3 3 1 1 - 1 1 3 3
3 3 1 1 - 1 1 3 3
3 3 1 1 - 1 1 3 3
3 2 1 1 - 1 1 2 3
2 2 1 1 - 1 1 2 2
2 2 1 1 - 1 1 2 2
2 2 1 1 - 1 1 2 2
2 2 1 1 - 1 1 2 2
2 2 1 1 - 1 1 2 2
2 2 1 1 - 1 1 2 2
2 2 1 1 - 1 1 2 2
2 1 1 1 - 1 1 1 2
1 1 1 1 - 1 1 1 1
1 1 1 1 - 1 1 1 1

If the vertical pixel difference in the CRMof the new image’s 
Vertical-PDM is very small compared to the difference in the 

Standard Vertical-PDM, the gradual increase in distance has 
not taken place.I.e. the points are much closer to the camera 
than they should be. The path is no longer flat but has sloped 
upwards.If the vertical pixel difference is large compared to 
the difference in the Standard Vertical-PDM,the points are 
much farther than its actual place. I.e. the path has sloped 
downwards. A large negative value in any pair of vertical pixels 
indicates a predominant projection from the ground and a very 
large positive value indicates a steep drop in the path. The 
horizontal tilt of the path is recognised by the variations in the 
horizontal pixel differences in the Horizontal-PDM compared to 
the Standard Horizontal-PDM. If on one side thepixel difference 
is negative and on the other side if the pixel difference is large 
compared to the Standard Horizontal-PDM, then the path is tilted 
on one side. Thus based on the comparisons of the difference 
values in the new image’s Vertical-PDM and Horizontal-PDM 
with the Standard Vertical-PDM and Standard Horizontal-
PDMrespectively, the occurrence pattern and magnitude of the 
anomalies are identified and the device is made to recognise 
the exact 3 dimensional terrain in front of the camera. The pixel 
map analysis of specific paths and obstacles are as follows:

A. Case 1 (Static Obstacles)
Real time readings have been taken manually and the computer 
vision is simulated for the following case.Random obstacles may 
be found in the path. These obstacles throw different vertical 
and horizontal pixel differences in certain pixels compared 
to the Standard-PDMs. The number ofcolumns that will show 
anomalies depends on the width of the obstacle. The value of 
the difference depends on how tall or how deep the obstacle 
is. When such obstacles yielding high negative difference or 
high positive difference are encountered, the device warns the 
user about it. It can also redirect the user to move left or right 
based on which side of the CRM the anomalies occur

.
Fig. 4. Static Obstacle

Consider a 2 feet tall 1 foot wide bucket in the path of the user 
towards the left (Fig. 4).The scene is captured and the Vertical 
PDM (Table IV) and Horizontal PDM (Table V) are generated 
from the Pixel Map (Table III) of Fig. 4. Table IV and Table V are 
compared with Table I and Table II respectively.The comparison 
will show anomalies in 8pixels to the left of the CRM in the 
Vertical-PDM. 6 pixels show anomaly in the Horizontal-PDM. 
The device recognises it as a prominent danger to the user. 
So it directs the user to turn slightly right and navigate around 
the obstacle.



72  InternatIonal Journal of Computer SCIenCe & teChnology

IJCST Vol. 2, SP 1, DeCember 2011 ISSN : 0976-8491(Online)  |  ISSN : 2229-4333(Print)

w w w . i j c s t . c o m

Table 3 : Computer Vision of fig. 4
122 125 127 129 130 129 127 125 122
126 129 132 133 134 133 132 129 126
130 133 136 137 138 137 136 133 130
134 137 140 141 142 141 140 137 134
138 141 144 145 146 145 144 141 138
142 145 148 149 150 149 148 145 142
146 149 152 153 154 153 152 149 146
151 153 155 156 157 156 155 153 151
154 156 158 159 160 159 158 156 154
157 159 161 162 163 162 161 159 157
160 162 164 165 166 165 164 162 160
182 183 184 168 169 168 167 165 163
184 181 185 171 172 171 170 168 166
185 170 186 173 174 173 172 170 168
186 187 187 175 176 175 174 172 170
172 174 175 176 177 176 175 174 172
174 175 176 177 178 177 176 175 174
175 176 177 178 179 178 177 176 175

Table 4 : Vertical Pixel Difference Map of fig. 4
4 4 5 4 4 4 5 4 4
4 4 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4 4
4 4 3 3 3 3 3 4 4
4 3 3 3 3 3 3 3 4
3 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3
22 21 20 3 3 3 3 3 3
2 -2 1 3 3 3 3 3 3
1 -11 1 2 2 2 2 2 2
1 17 1 2 2 2 2 2 2
-14 -13 -12 1 1 1 1 2 2
2 1 1 1 1 1 1 1 2
1 1 1 1 1 1 1 1 1
- - - - - - - - -

Table 5 : Horizontal Pixel Difference Map of fig. 4
3 3 1 1 - 1 1 3 3
3 3 1 1 - 1 1 3 3
3 3 1 1 - 1 1 3 3
3 3 1 1 - 1 1 3 3
3 3 1 1 - 1 1 3 3
3 3 1 1 - 1 1 3 3
3 3 1 1 - 1 1 3 3
3 2 1 1 - 1 1 2 3

2 2 1 1 - 1 1 2 2
2 2 1 1 - 1 1 2 2
2 2 1 1 - 1 1 2 2
1 1 -16 1 - 1 1 2 2
-3 4 -14 1 - 1 1 2 2
-15 16 -13 1 - 1 1 2 2
1 0 -12 1 - 1 1 2 2
2 1 1 1 - 1 1 1 2
1 1 1 1 - 1 1 1 1
1 1 1 1 - 1 1 1 1

Steep drops in the path are also recognised by the device. 
Consider an open manhole 2 feet in diameter in the path of the 
user. Once the manhole comes in the view of the camera the 
vertical pixel difference will be alarmingly high positive values. 
The device immediately recognises that there is a steep drop 
in front and cautions the user and directs him to turn and go 
around the obstacle.
Wheneverthe user turns, the camera has an instantaneous 
viewpoint of the path in front and continuously scans it in real 
time at the rate of 2 frames per second, processes it and 
determines if it is traversable or not.

B. Case 2 (Moving Obstacles)
The perspective of the camera covers only the immediate region 
in front of the person. Any pixel difference anomaly from the 
10th row to the 18th row of pixels is treated as a static obstacle 
by default owing to its close proximity to the user. Whereas 
pixel difference anomalies in the 1st to 9th row of pixels are 
considered only if they occur in two consecutive images. This 
is implemented by always having the previousVertical-PDM 
in memory and comparing it with the current Vertical-PDM. 
This makes the device not to warn the user if some obstacle 
quickly crosses his path without any possibility of collision with 
him. E.g. A dog running across the path of the user. Horizontal 
comparisons are not needed as the vertical pixel difference 
map is enough to identify the presence of obstacles.

C. Case 3 (Stairs)
When the upward stairs come in the field of view of the camera, 
it is found that till the point where the stairs start the vertical 
pixel difference is within range. But once the leading edge of 
a stair has been captured, it is found to be much closer to the 
camera than its previous point on the ground. This results 
in a negative pixel difference. Now the surface is flat till the 
next stair rises. Here the vertical pixel difference is found to 
be positive. Once the stair has risen it again yields a negative 
pixel difference. This alternating positive and negative vertical 
pixel difference goes on till the last leading edge of the stair 
within the camera’s field of view has been captured.Itmay 
occur recursively for every one, two or even three vertical 
pixels depending on the height and length of the step. If it is 
too high(i.e. a very large negative vertical pixel difference), it 
is considered as an obstacle. If it is below a certain value and 
as long as the standard vertical pixel difference resumes after 
the step has raised from the ground, the device can accurately 
relay to the user that it is upward stairs and safe to navigate.
In the case of downward stairs the vertical pixel differences 
are standard till the steps start. Once the first step descends, 
there will be a large drop in the pixel value. Hence, the vertical 
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pixel difference will be a large positive value. Till the downward 
edge of the next step starts, the vertical pixel difference will be 
normal. There will be a large positive difference again and then 
a small positive difference. This pattern continues as long as 
the steps descend. Due to the perspective in which the image 
has been taken, the inner edge of the step will not be seen by 
the camera.In general, if after the large vertical pixel difference, 
the gradual increase in pixel difference resumes, the device 
recognises that there it is a traversable descending step in the 
path and relays the information to the user.

V. GPS Assisted Navigation
GPS is used to help the blind individual navigate the streets. 
The Navigation Software works in the Pedestrian Mode thus 
giving highest possible accuracy and guiding the user along 
the sides of the road. The receivers use a method called 
Differential GPS (DGPS) to obtain much higher accuracy. DGPS 
requires an additional receiver fixed at a known location nearby. 
Observations made by the stationary receiver are used to correct 
positions recorded by the roving units, producing a pin point 
accuracy. Cellular towers provide this fixed receiver and such 
a system is called Assisted GPS (AGPS). The extended antenna 
plays a great role in improving the accuracy of the GPS fix 
especially in urban areas with tall buildings. Our device makes 
full use of this existing technology to aid in navigation.

VI. Conclusion
With the advancement in mobile computing, the future versions 
of PDIPR can be made fool proof by addressing the shortcomings 
of this initial version. Along with distance data, the intensity 
of the light ray received by the camera can also be measured, 
thus identifying the type of material it has bounced upon using 
intensity diffraction analysis. This helps in scenarios where 
identification of the surface material in front is crucial. E.g. A 
manhole filled with sludge will be considered as a traversable 
flat path even though the person might fall into the sludge. Also 
a secondary camera, facing straight can be used to identify 
obstacles hanging in front of the user. Throughout the human 
life span, blindness, and particularly the inability to freely 
navigate, disrupts independence. The Perspective Dependent 
Instantaneous Path Recogniser uses this unique image 
processing method, which is light on the processor, contrary 
to the complex image processing algorithms. It is a revolutionary 
technology and is highly accurate. PDIPR facilitates lower cost 
and smaller size and makes life easier for blind individuals by 
helping them to navigate freely.
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