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Abstract-Poverty is a huge issue in India and one of the
major factors contributing to this is the inaccessibility of
a region. Lack of connectivity of remote places gives
rise to issues like high poverty levels, limited
opportunities of employment, lack of medical and
transport facilities, poor education and infrastructure,
inaccessibility to resources during an emergency, slow
response from nearby cities, and ill-equipped
infrastructure to face an issue. Moreover, there is slow
movement of goods and services from the village/town
leading to slow economic development. By conducting
research on the connectivity, infrastructure, and poverty
levels of a region and the correlation between them, the
paper aims to help solve this issue by creating a model
and estimation of a coefficient for the target area. To
solve the problem, the algorithm takes into account
factors like highway density, internal road density, and
the night light data of a region to predict an estimation
of the economic quotient of that regionln addition to
this, using the night light data, a confiectivity, model is
built which gives the optimum connecCtions,of every
village/town in the region to its nearest city. This has
been done using machine learning, data analysis, and
image processing on satellite images of that region with
the help of computer vision. This data can then be used
by the government or other private organizations to
improve the welfare of the area.

Index Terms- Image Processing, Artificial Intelligence,
Connectivity Model, Economic Quotient

I. INTRODUCTION

Poverty due to the inaccessibility of a region is a

prevalent issue in India. The aim of this study is to help
improve the connectivity of a region by coding an
algorithm that analyzes satellite images of the target
area, extracts data from them, and analyzes this data.
With this, the algorithm then predicts an economic
quotient for that area and builds a connectivity model
for the region.

This pandemic has had a negative impact, especially on
remote villages and towns, where there was limited
health infrastructure and delays in doctors and
appropriate equipment in arriving. Approximately 75
million people have been pushed into poverty because
of this. Better connectivity could have helped reduce the
impact of the pandemic on these regions and helped in
their faster recovery. [1]

Research proved that the growth of highway lengths has
only doubled between 1990 and 2013. This slow growth
and ‘poor_infrastructure is the basis of many of the
problems,we face today.

Despite all the grand road construction schemes ranging from National Highways
Development Programme to Pradhan Mantri Gram Sadak yojana, total length of
roads in India has only doubled since 1990-91...
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Fig 1. Length of highways between 1990 and 2013 [2]

Although the rural roads (roads within the rural regions)
have grown in length over the past few decades, the
total length of national highways has hardly changed
and this is the major concern as it is these highways that
connect places to each other and allow trade and
movement of goods to occur].
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Fig 2. Growth of road lengths over the years [2]
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Both of these figures are concerning as it indicates the
faults made in the development of these regions and
how inefficient decision-making can affect the
connectivity of an area. It also proves that progress is
slow due to dependence on surveys done manually by
labour which are time-consuming and costly. This made
me think of a more efficient solution that can help the
government make better decisions to improve the
welfare of these target regions.[3]

Il. RESEARCH

According to a survey conducted by the Government of
India in 2017 with evidence from 6 lakh villages -
Remoteness continues to be a major and persistent
predictor of low living standards. Each additional 10
kilometers from a town is associated with a 3.2%
reduction in mean earnings, a 5.2% reduction in non-
farm employment, and a 1.9 percentage points decrease
in the proportion of literate residents. Moreover, 75% of
healthcare infrastructure is concentrated in urban areas
which cater to just 27% of the population.[4] This
causes inefficiency and most of the time the people who
actually require the resources and services provided by
this health infrastructure are left helpless. This was
clearly seen during the pandemic when India became
the global hotspot for the virus and had the greatest
number of infections and deaths in the whole world.
Apart from healthcare, rural road connectivity is poor
well. In places like Ludhiana, children have to wa
to 12 km just to go to school every day. These
barriers are seen in all aspects of theirdive
from getting a clean water supply te go
facilities.[5]

All of these problems can be solved simply by
improving the connectivity of that place and that is what
this research paper aims to do. Improving the
connectivity of a region can tremendously help improve
the welfare of the towns/villages. They can receive aid
from nearby cities more quickly during disasters, there
is greater movement of goods and, materials in and out
of that place, there are more opportunities of
employment for the people living there as they can
easily travel to the nearby cities to get a job and
eventually this leads to lower poverty levels for that
region too. With lower poverty levels, better
infrastructure can be built within the target area which
will eventually make them better equipped to face any
challenge and give them greater financial independence
in the long term. [6]

The 2 diagrams below further help to prove that this
problem exists and that there is a direct correlation
between the welfare of a region and its connectivity. Fig
3. and 4. indicate that in places with low highway
density (East/ North-East of the country) the poverty
levels are the greatest. Places with high highway
densities have lower poverty levels (Northern and

Western regions of the country). Thus, this correlation
is a valid assertion, and the research to improve the
connectivity by giving an economic quotient will help
solve the problems that arise because of it.
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Fig 4. Highway density in Indian states [8]

There have been previous attempts to solve this issue
using computer vision and satellite imagery as well.
However, this research is unique due to the fact that it
focuses on road infrastructure and connectivity to give
the economic quotient. Moreover, it builds a
connectivity model as well which can potentially help in
government decision making, improve the allocation of
resources and reduce costs.

© 2021, iJournals All Rights Reserved

www.ijournals.in

Page 19




iJournals: International Journal of Software & Hardware Research in Engineering (IJSHRE)

ISSN-2347-4890
Volume 9 Issue 7 July 2021

METHODOLOGY

Primarily, | needed to find a reliable source from where
I could get satellite images of the different locations
with up-to-date data. After a lot of research, the website
https://www.lightpollutionmap.info/ proved to have the
most useful and latest data. This website used VIIRS
2020 data of satellite images and the night-light data
and road and connectivity data could be found in one
place by altering the transparency levels. Below are the
2 images taken of the same map at different
transparency levels.
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Fig 6. Roadways data of satellite images

After this, | needed to determine which factors to take
into account while making the prediction and whether it
is possible to extract the data from a satellite image of
an area. Taking into account the impact the factor has
on the connectivity (and thus poverty levels) and
whether it could be extracted from a satellite image of
the region, the 3 main factors chosen were the highway
density of the region (in length of highway in kilometers
per 1000 sq. kilometers of are), internal roads density
(in length of highway in kilometers per 1000 sg.
kilometers of area), and the night light data of the map
which gives the areas with most and least activity
(further in helping decide whether it is a major or minor
region and how it can aid in the connectivity of the
target area). These factors allow us to approach the
problem holistically and make a well-balanced
prediction that would give reliable results.

Now that a reliable data source was there and the factors
to take into account were finalized, the actual coding
began. Different parts of the algorithm were coded
separately and compiled together at the end. | divided
the algorithm into the following sections:

e Capturing and saving screenshots
Building a connectivity model
Calculating highway and midway densities
Converting data extracted into a CSV file
Use of artificial intelligence to calculate the
economic quotient
Once each of these sections was coded individually,
they were compiled together to produce a final
algorithm that gives the relative economic quotient of
the target area and a connectivity model for the target
location. Below are the specifics of how each of these
sections was coded and the role they play in the final
algorithm.

Capturing and saving screenshots

| The aim of this code was that when an input location is

given, it would automatically go to the website
(https://www.lightpollutionmap.info/), enter the location
name, al;:r the zoom and transparency levels to take 2

screens one for the night-light data (Fig 5) and one
or.th ways data (Fig 6). On taking this
s%\ t using the snip screen feature, it would save it

“Jocationl.jpg” and “location2.jpg”. This was coded
sing pyautogui, a module in python where the

omputer automatically performs actions based on what
you code it for.

Enter place name: proddaturl
Fig 7. Input location to initiate algorithm

Building a connectivity model

This section essentially analyzes the night-light data
image and extracts data from it using image processing.
The following indicates the step-by-step procedure of
how this works:

1. Using the night-light data satellite image, it
converts the image into an HSV image, isolates
the warmer colours (indicating human activity)
using the threshold feature, and creates a black
and white image of the areas with human
activity and without human activity.

2. The contours feature in OpenCV is used to
detect the contours and using the minimum
enclosing circle function, the radius and x and
y coordinates for each of the regions s
obtained.

3. Using this, they are divided into major, minor,
and tiny/insignificant regions.
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4. Each of the regions is labelled with numbers
and sorted in ascending order. The argsort
feature is used here to sort the x and y
coordinates with respect to the radius values.

5. A function called connecting_areas (which I
coded) is applied in which with the input of the
image, X, y, and radius values of the major and
minor regions respectively, a connectivity
model is build in which every minor region is
connected to its nearest and largest major
region. [This is done by calculating the
distances between each region, finding the
minimum distance and drawing a line between
the 2 regions]

-----

Fig 8. Connectivitymodel for Akol -

Calculating highway and midway densities

This

and
midwayl/internal roads densities by doing the folloWing
1. The roadways satellite image isctaken,“pixels
with the colours wanted (purple fer highways

and white for midways) are isglatediusing the
threshold function, and

section  calculates the  highway

Fi 9. Road data extracted from satellite image

2. The number of white pixels in this black and
white image is counted for each of these
respectively.

3. Using the scale of the map in pixels (105 pixels
is 1 km) and the constant area of the picture

(2028 x 1085 pixels), the area of the map in sq.
kilometers is calculated.

4. Using the ratio of the length of the highway in
the area, the highway length per 1000 sq
kilometers is calculated so that a standard
threshold can be used while calculating the
economic quotient

5. The same is done for midways and both values
are stored in the variables midway_density and
highway_density respectively.

Highway= 30.
Midway= 346.2 K

M
Fig 10. Highway and midway length output

Converting data extracted into a CSV file

Now all of this data extracted from the images needs to
be converted and stored in a CSV file. The following
parameters are stored:

e Location name

e Highway density

e  Midway density

e (_Number of major regions

o\, Average radius of major regions

®_ Number of minor regions

o/ Average radius of minor regions
This data is stored by using the CSV module in Python.
Each of these parameters is stored in columns and every
time a new location is targeted, the data is stored in a
new row in the location_data file. Each row represents
the data for an individual location. This helps the
machine learning model learn as new locations are
targeted and new data is obtained.
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Fig 11. Stored data in the CSV file
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Use of artificial intelligence to calculate the economic
quotient

The CSV file is passed through a machine learning and
data analysis model to calculate the economic quotient
of the target area. The correlations are found using
linear regression models and heatmaps. With the help of
these correlations graphs are plotted and the
relationships are used to estimate the quotient.
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Fig 12. Heatmap for the correlations
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Fig 13. Highway density VS Economic quatient jointplot

The graph in Fig 13. shows a positive correlation
between highway density and the economic quotient
further reinforcing the assumption that they are directly
related. The highway density with highest frequencies
lie in around 50km per 1000 sg. km and the economic
quotient with highest frequency is about 0.025. This is
because most of the locations selected were relatively
isolated from major cities to prove the effectiveness of
the model.
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Fig 14. Graphs for recognizing the ifhpdrtance of ea.lch.
factor

By analyzing these graphs (Fig. 11 and Fig. 12), I could
determine which factors contribute the most to the
quotient and then create a formula to estimate it. | used
Fig. 13 to understand the importance of each factor and
it's the difference between the magnitude of the
numerical values of the factors. This would help in
creating the formula to estimate the quotient.

The aim was to estimate the quotient for the twenty
locations for which | had collected the data by creating a
formula which makes use of all the factors. This would
help train the machine learning model to give an
estimation of the quotient. The formula wasn’t used to
give an estimation directly for any locations in the
future as the use of machine learning is essential in
giving a quotient which can be used to compare the data
between locations reliably. The formula was just used to
give the model some data which would then keep on
using data given to it in the future to train itself. The
formula used is below:

Economic Quotient = Highway density + Midway
density.+ Area of all minor regions + Area of all
major regions

Arearof all minor and major regions was calculated by
using the below formula:

Area of all major/minor regions = Number of
major/minor regions * 1 * (Average radius of
major/minor regions)?

This formula is a reliable estimation as, keeping in mind
the relative importance of each factor and their
correlations using the graphs plotted earlier, all of them
are directly proportional to the economic prosperity of
any location. If the highway and midway density is
greater, there is greater movement of goods in and out
of the location. Better transport allows the residents to
have better education and employment opportunities.

=~ The location is quick to receive aid from nearby cities

and will have greater access to healthcare facilities as
well. If the regions around the target location consist of
a large number of villages/towns, there is greater
connectivity and again, greater movement of goods and
more opportunities.

As most of the values were in the order of magnitude of
10° or lower, they were all multiplied by 107 so that
they can be compared on a scale out of 1.
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Fig 15. Final data for machine learning algorithm

This data could now be used in the machine learning
algorithm to build a reliable model.

I used the Pytorch library of python for machine
learning. The concepts used Gradient Descent and
Linear Regression. The following were carried out in
the algorithm:

1. Extract data from the csv file as a data frame

2. Divide the data into inputs and target tensors.
The target tensor is the ‘Usable Economic
Quotient” column, whereas the inputs tensor
consists of the 6 columns for highway density,
midway density, number of major regions,
average radius of major regions, number of
minor regions and average radius of minor
regions.

3. Use a data loader to randomly shuffle the data
set in batches of 5 so that the model predicts
values as accurately as possible.

4. Use the nn.Linear() action to generate random
matrices for the weights and biases which can
easily be used with the data set.

5. Create a loss function and optimizer for the
data set using torch.nn.functionalxmse_loss()
and torch.optim.SGD() actions respectively

6. Define a function which automatically trains
itself and uses gradient descent input data of
the number of epochs, model, loss function,
optimizer, and data loader are given to it.

To further elaborate on how exactly this model works, it
uses the formula below to calculate the economic
quotient:

Economic quotient = W, *l; + Wy*I, + ... W, *I,, + Bias

I ... I, are the 6 inputs used here. Each input is
multiplied with a weight and a bias is added at the end
to make the final answer. The algorithm randomly
creates a matrix for weights and biases of shape that can
be multiplied by the inputs. The answers initially are not
even close to the real value, but as the number of epochs
(iterations) increase, the model uses gradient descent o
move up and down the loss graph to minimize it by
using the fact that if the gradient is positive, it should
move to the left and if the gradient is negative, it should
move to the right to minimize the loss.
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As the data | had was limited (data for 20 locations), the
predicted values after training the model were showing
low accuracy as shown below.
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Fig 16. Difference between the predicted and actual

values for the 20 locations

However, this deviation is expected and as data for
more locations is collected in the future, the model will
predict the quotient and use that value to further train
itself.

I1l.  CONCLUSION

It ¢an be concluded that there is a direct relationship
between the connectivity of a region and its economic
welfare and poverty levels. The output of this algorithm
produces reliable output. The connectivity model can be
used by the government to make quicker and less costly
decisions to develop road infrastructure for remote
locations. The economic quotient can be used as well to

determine which places

require developments in

infrastructure to improve their welfare. This will give
the following benefits in the short run:

e A correlation matrix of economic coefficients
can be used by the government to make
resource allocation decisions.

e Government doesn’t have labour costs to
conduct surveys (which are very time-
consuming) as the whole process is
autonomous. Thus, time and costs are saved

e Efficient fund allocation by the government in
targeted areas.

e Better disaster management abilities as the
areas will become well connected to major
cities if they need aid in case of emergencies.

e Greater financial independence as there is
movement of goods in and out of the region,
there are greater employment opportunities.

e City-wise cost-benefit analysis can be done
using the economic quotients.

e Easier access to basic necessities like education
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and clean water.

e In the future, there can be monitoring of how
the welfare levels of the targeted region change
with time and improve due to the greater
connectivity.

e Improvements in the standard of living for
locals and reduction in poverty levels.

e This can help the government do nation-wide
development by providing resources to regions
on a need-basis.

This solution can be implemented in other countries
where such problems exist and a more efficient system
for allocating resources to develop infrastructure is
required. [9]
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