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Abstract

One of the major problems faced by our environment is crop residue burning, also known as stubble burning. Due to wide
availability of modern tools and technologies for harvesting, a vast amount of residue is generated in the fields. The common
practice to get the fields free from such residue is stubble burning. Such practices pose a wide variety of environmental
problems. Residue burning emits carbon sinks in air causing pollution which is harmful for human-beings as well as flora and
fauna. This problem of stubble burning is not restricted to a single state or country but has been spread all around our world. So,
there is an immediate need to monitor such stubble burns so that effective measures could be taken to protect our environment
from such a global menace. Manual detection is not enough to monitor such widely spread problem. In this paper, an efficient
approach to detect stubble burned areas in various parts of Punjab using remotely sensed images is presented which could be
utilized to prevent the large scale environmental degradation. The paper is divided into three parts; first part containing
introduction of problem of stubble burning, digital processing of remote images, second part contains the literature survey of
previous work done in this context, third part contains the present work done and the results obtained.
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I. INTRODUCTION

Agriculture is the primary activity of production which acts as a supporting service for both secondary and tertiary activities. A
lot of crops are grown every year in Punjab with rice and wheat as the major crops. In Punjab, rice is generally sown in May-
August and harvested during the period of September-November. Wheat is sown in October-November and harvested in April-
May. On harvesting, along with the desired crop so produced, a lot of residue is also generated which may be termed as stubble.
And as very little time is available between harvesting of rice and sowing season of wheat and vice-versa, so farmers often
choose the easy way out to get rid off the residue generated along with harvested crop is burning it in the fields itself. Hence, this
practice is termed as stubble burning. Earlier when the harvesting was done manually, stubble so generated was less in amount
and could be managed by the farmers. But now with the advent of mechanized harvesting, a large amount of stubble is generated
which is difficult to handle.

A. Causes of Burning Stubble in the Field as Explained by Farmers

According to the farmers, management of crop residue or stubble is really a complex and time consuming task for them as they
did not have enough time to make the fields ready for next crop and also there is no single solution available which could be
effectively employed by all farmers so they prefer the cheap and easy way out that is burning the stubble.

Farmers also mentioned that due to poor storage facilities for straw and lack of market utilities of residue forces them to burn
the stubble in the fields to get rid of it. Another reason is high labor cost as workers as hired for harvesting the crops.
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B. Harmful Effects of Stubble Burning

In spite of many warnings by agricultural scientists and environmental experts, still the practice of stubble burn is ever-on
increasing and its negative impact is rising in the environment. The practice of burning stubble in the field releases 70% carbon
dioxide, 0.66% methane and 2.09% nitrous oxide in the air. The impact of first two gases remains for 100 years and impact of
third gas remains for 170 years in the ecosystem. Due to increase in the concentration of these gases in the environment, the
preventive measures taken to prevent ozone depletion are being hampered.

According to health experts, due to mixing of harmful gases in the air, human beings as well as birds and animals are also
being affected by breathing problems. Growth of vegetation and plants is also disturbed. Smoke and harmful gases when inhaled
leads to many respiratory ailments and heart diseases. Smoke causes irritation in eyes and thus causes eye-problems. Skin experts
also mention the problem of stubble burning as the major cause of skin problems.

Not only this, but also many road accidents and other mishaps occur due to smoke all around. According to agricultural
experts, due to fire the top layer of soil becomes red hot and loses its moisture; fertility of soil is reduced and thus hampers the
growth rate of crops. Farmer's friends' pests and micro-organisms like bacteria, earthworm etc dies due to fire. Reptiles like
snakes, frogs, earthworms, lizards die in the holes. Leaves of trees burn and greenery all around are lost. Nests of birds are also
destroyed due to this. Sparrows, eagles, vultures are becoming extinct- one of the main cause of this is stubble burning.

Fig. 2: Iackened field after stubble burn

C. Digital Image Processing

This type of image processing makes use of digital computers to process an image. In DIP we require either the full image or the
part of image which is to be processed from the user’s point of view like the radius of object etc. As digital system is in widely
applied in various areas, producing digital images of good contrast and detail is strong in demand especially in areas like vision,
remote sensing, model identification and fault detection. There are various advantages of using DIP like preservation of original
data accuracy, flexibility and repeatability.

D. Remote Sensing

Table—1
District wise distribution of area burnt in Punjab in 2014 and 2015
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Burnt Area Burnt Area Change in Burnt % Change in Burnt

District 2014 2015 Area from 2014 to Area with respect to
(000 ha) (000 ha) 2015 (000 ha) 2014
AMRITSAR 100.95 78.92 -22.03 -21.82
BARNALA 98.92 89.82 -9.10 -9.20
BATHINDA 98.31 77.49 -20.82 22117
FARIDKOT £7.09 75.35 -11.74 -13.48
FATEHGARH SAHIB 58.01 57.26 -0.75 -1.29
FAZILKA 74.21 58.11 -16.10 -21.70
FIROZPUR 165.74 144.99 -20.75 -12.52
GURDASPUR 78.59 61.26 -17.33 -22.05
HOSHIARPUR 46.13 22.23 -23.90 -51.81
JALANDHAR §2.01 67.16 -14.85 -18.11
KAPURTHALA £1.27 78.69 -2.58 =317
LUDHIANA 180.52 170.18 -10.34 573
MANSA 59.79 41.88 -17.91 -29.96
MOGA 155.83 141.21 -14.62 -9.38
MUKTSAR 105.6 85.18 -20.42 -19.34
PATHANKOT 12.62 9.99 -2.63 -20.82
PATIALA 165.29 138.55 -26.74 -16.18
RUPNAGAR 14.87 13.59 -1.28 -8.58
SANGRUR 227.21 202.83 -24.38 -10.73
SAS NAGAR 23.12 14.45 -8.67 -37.52
SBS NAGAR 32.08 28.75 -3.33 -10.38
TARN TARAN 147.79 134.61 -13.18 -8.92
STATE 2095.95 1792.51 -303.44 -14.48

In current era of technology, remote sensing is one of the eminent fields in which a vast amount of research work is being carried
out. It serves as a local step to solve a global issue, thus being used in various areas of studies. Remote sensing helps to collect
information and knowledge about any entity on the earth without being physically present near the entity. Both qualitative and
quantitative information could be acquired about the entity.

One of the major benefits of remote sensing technology is that images of earth taken by various sensors could be sent to earth
in the form of digital signals, where they can again be transformed into digital images. Remote sensing images thus obtained
could be analyzed and processed using digital image processing to extract out useful information. Two main features of remote
images are:

E. Spatial Resolution

It describes the level of detail presented in a photographic image. It is usually expressed in meters. For example,
MODIS(Moderate Resolution Imaging Spectroradiometer) has spectral resolution of ‘250 m’ which means two objects 250 m
wide or long, sitting side by side can be resolved on a MODIS image.

F. Spectral Resolution

Electromagnetic radiations emitted by different targets are recorded by sensors with separated spectral bands which provide the
knowledge base for information extraction. For e.g. Panchromatic image is composed of single band (B&W), Color image is
composed of 3 bands (RGB) and hyperspectral image is composed of hundreds of bands.

In this paper, an efficient approach to detect stubble burned areas in Punjab by processing and analyzing the remote imagery
provided by the sensors of satellites orbiting around the earth. Satellite captured images can be subjected to advanced image
processing techniques basically using each single pixel in order to determine if the pixel has features for a fire burning or after
burn case mostly these fire red pixels are surrounded by white/gray pixels (basically smoke) which can be considered as
neighbor pixel feature which can then be used to classify the pixel as fire (or burn region) or reddish spot other than fire (reddish
brown land etc).

Il. LITERATURE SURVEY

In this section, the previous work done for burned area estimation is reviewed. Earlier work done in the context of monitoring
crop residue burning using the remotely sensed information is presented.

Sahu et. al [1](2015) presented the results based on the analysis of fire counts detected by Along-Track Scanning
Radiometer(ATSR) sensors. The area of study included various parts of India. The study is based on the data collected of the
range 1998-2009. The maximum and minimum number of fire counts is recorded during the months of March-May and July-
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September respectively. Out of total fire counts detected, 25-45% is from Maharashtra and Madhya Pradesh. Apart from spatial
and temporal variations, yearly variations are also detected during the study of fire counts. The annual mean normalized anomaly
of fire count for the range 1998-2009 of different states of India is calculated in the study.

Thumaty et.al [2] (2015) presented spatial and temporal characteristics of burning crop residue in Punjab and Haryana. Active
fire data of MODIS and Suomi NPP VIIRS for the range September-November 2014 is used for study. It is revealed that during
the kharif season of 2014 fire-counts detected by MODIS are 15,222 and by VIIRS are 15,568. On analyzing comparatively,
VIIRS is more capable for accurate detection of fires. On 5*5 km analysis of total fire detections, total fire intensity, frequency
of occurrences of fire for the period 2004-2014, MODIS active fire suggested that central and southern districts of Punjab are
involved in severe burning activities. It is concluded that during October fire occurrences decreases and increases in November.

Yadav et.al [3] (2014) described the methodology and results to detect the progress of rice stubble burning in 10 major
districts of Haryana. As the large amount of stubble is produced due to mechanized harvesting of rice, stubble burnt produces
pollution and also causes soil degradation. In order to estimate rice stubble burning areas, Multidate AWIFS data of 16 October
2013 to 26 November 2013 is used. Field photographs and handheld GPS is used to identify rice residue burning areas as ground
truth. For data analysis, Complete Enumeration approach and Iterative Self Organizing Data Analysis technique is used. It is
concluded that for acreage estimation of burnt stubble, LISS-I11 data is useful. Also it is suggested that if stubble burning areas
are regularly monitored using satellite images, could help to control the serious environmental problems.

Yadav et.al [4] (2013) discussed that advanced harvest technologies used in Rice-Wheat system produces a large amount of
residue. Such residue and straw when burnt poses serious environmental problems. As no written reports are available depicting
the areas affected by such stubble-burn practices So, Yadav et.al considered three major districts of Haryana namely
Kurukshetra, Kaithal and Karnal for year 2010 to study the effect of wheat and rice residue burning. Multidate IRS-P6 AWIFS
and LISS-11l remote data is used. In order to collect the ground truth, hand held GPS system is used. Normal Difference
Vegetation Index (NDVI) of each digital image is used for classification. Agricultural area is masked out of non-agricultural
areas. It is observed that Kaithal produced the highest wheat residue and Kurukshetra produced highest rice residue.

Vadrevu et.al [5] (2013) measured the quantity of vegetation fire activities in India. MODIS active fire datasets are used to
evaluate fire attributes such as frequency of fire, intensity and seasonality of different fires. MODIS data for the range 2002-2010
is taken into account for study and it is revealed that in 2009 maximum number of fire-counts is observed and near about 63696
fire counts occurred per year from 2002-2010. In order to detect areas with high fire counts, K-means algorithm is used. Fire
Radiative Power is used to distinguish the different types of fires. The result of the analysis revealed that close broadleaved
evergreen forests produce high intensity fires. The obtained results of fire radiation power and hotspot regions could be
effectively used to reduce the impact of fires on environment.

Hussain et.al [6] (2013) described the emergence of change detection techniques based on satellite images from pixel based to
object oriented approaches. Also data mining techniques for remotely sensed images is also discussed. It has been discussed that
the remote sensing satellites provide enough data to acquire information about earth at different resolutions which could be
utilized for change detection studies. Pixel based change detection techniques are mostly based on statistics taking into
consideration the spectral values and ignoring the spatial context. The advantages and drawbacks of different techniques are
compared. The importance of the widely available satellite image data, multiple sensors and associated challenges for the
development of change detection techniques are highlighted.

I1l1. DATA AND METHODOLOGY OF PROPOSED WORK

The area used for study is Punjab, one of the northern states of India having an area of 50,362 square kilometers which extends
from the latitudes 29.30° North to 32.32° North and longitudes 73.55° East to 76.50° East. The remote images of Punjab are
obtained from sensors of Resourcesat-1; LISS-IIl (24m resolution) and AWIFS (56m resolution) which are available at
http://bhuvan.nrsc.gov.in/data/download/index.php.The data used for verification of the obtained results is available at
https://firms.modaps.eosdis.nasa.gov/firemap.

The flowchart of proposed work is:
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Fig. 3: Flowchart of the system

The remote images of various dates are obtained. Each image is composed of multiple bands which are concatenated to form a
single mosaic. As the remote images are of very large size and hence constitute a huge number of pixels. After analyzing and
processing the images, the following results are obtained. The pixels pink in color indicates the presence of fire. The obtained
results are further verified and overall results are found to be 85.5814% accurate.
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Fig. 4: Pink colored pixels indicate fire on 2
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Fig. 6: Pink colored pixels indicate fire detected on 07 Nov 08 Fig. 7: Actual fire spots on 07 Nov 08 detected by FIRMS

IV. CONCLUSION

Stubble burning definitely affects environment, air quality and general well being either straightly or discursively. Fires have
always been the issue of concern whether the fire is forest fire or agricultural fire. It is one of the significant normal dangers that
can bring about remarkable property harm and danger to human health. In this paper, the various attempts made to detect the
presence of fire in specific areas using remote images are mentioned and remotely sensed images of Liss-11l and AWIFS for
Punjab region are analysed and processed using matlab to obtain per pixel information. Further neural network is trained with the
desired features to accurately detect the presence of fire pixels. The obtained results are 85.5814% accurate. Thus effectively
analyzing the remote images could help to some extent for controlling global menance of stubble burn.
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