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Abstract: Precision agriculture is a way to manage the crop yield resources like
water, fertilizers, soil, seeds in order to increase production, quality, gain and
reduce squander products so that the existing system become eco-friendly.
The main target of precision agriculture is to match resources andexecution
according to the crop and climate to ameliorate the effects of praxis. Global
Positioning System, Geographic Information System, Remote sensing
technologies and various sensors are used in precision farming for identifying
the variability in field and using different methods to deal with them. Satellite
based remote sensing is used to study the variability in crop andground but
suffer from various disadvantages such as prohibited use, high price, less
revisiting time, poor resolution due to great height, Unmanned Aerial Vehicle
(UAV) is other alternative option for application in precision farming. UAV
overcomes the drawback of the ground based system, i.e. inaccessibility to
remote and very dense regions. Hovering at a peak of 500 meter - 1000 meter
is good enough to offer various advantages in image acquisition such as high
spatial and temporal resolution, full flexibility, low cost. Recent studies of
application of UAV in precision farming indicate advanced designing of UAYV,
enhancement in georeferencing andt he mosaicking of image, analysis and
extraction of information required for supplying a true end product to farmers.
This paper also discusses the various platforms of UAV used in farming
applications, its technical constraints, reliability, privacy rights and safety.

Keywords: Hyperspectral Image, Precision farming, Remote Sensing, UAV,
Vegetation Indices.

Introduction
Sustainability is the key source of future enhancement. It's the duty of today’s

generation to protect and nourish the environment for the betterment of today and
tomorrow generation. Agriculture outputs have adverse impact on circumambient
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environment, particularly in conditions of water quality. One distinctive feature
of this field is that it provides biological products which are sensitive to both
environmental and managerial practices (Swain et al., 2007). So it is really vital for
the farmer to identify where variations exist in their arena so as to establish their
practices accordingly. As a result any technique which can promote sustainability or
increase the agricultural output while minimizing its impact on the environment will
be beneficial to society. Variable rate technologies, grain yield scanner in combination
with Global Positioning System are made to dispense with this matter (Stafford,
2000; Price 2004; Robertson et al., 2007). Such techniques fall under the term called
precision agriculture.

Precision farming in simple words can be explained as the linkup of technology
with traditional agriculture practices. This term suggest that agricultural practices
can be carried out with a right amount of input at the right place at the right time in
the right quantity. Precision agriculture is the means of attaining sustainability along
with food security. Pre cision farming is a manner to optimize the probable harmful
impact of patterns in order to furnish a safer environment to humans. According to
the projection done by united nation Department of economic and social affairs, the
world population is estimated to be 9.7 billion in 2050. It requires a huge amount
of food to feed such a large number of mouths and precision farming is the only
way to achieve this target. Precision farming or satellite farming or site-specific crop
management uses technologies like high precision positioning system called global
positioning system, geographical information system, wireless sensor network,
variable rate technology and integrated electronic communication. Precision
agriculture is the way to manage the crop yield resources like water, fertilizers, soil,
seeds in order to increase production, quality, gain and reduce squander products
so that the existing system become eco-friendly. The main target of the precision
agriculture is to match resources and execution according to the crop and climate to
ameliorate the effects of praxis.

The progress in remote sensing technologies and its increasing role in precision
farming has led to growth of many agricultural equipment. Right now variable rate
technology is the most practiced and advanced technology of precision farming. The
working success of variable rate technology requires precise knowledge of map of
nutrients, weeds, fertilizers, crop deficiency and quality of soil (Moran et al., 1997).
Farmers use this data to compare with the nutrient requirement of crop with spatial
variations of playing area (Cookand Bramley, 1998; Robertson et al., 2007). But
this takes a continuous visit of field in order to have prompt actions against crop
deficiency. To acquire variability datasets for large farmlands is very unmanageable
and pricey (Quilter, 1997). Today the advancement in sensing technologies i.e. ground
based and remotely based has made the acquisition of subject level data very cheap.
Therefore, the map defining the crop and soil variations through image acquired by

Journal of Agriculture and Environment for International Development - JAEID - 2017, 111 (2)



B. Bansod et al. A comparision between satellite based and drone based remote sensing ..sustainable development: a review 385

sensors employed on satellite, airborne and ground based equipment become the all-
important portion of variable rate technology. The pictures acquired by satellite and
aerial platforms were used for soil monitoring, crop classification, insects and weed
identification, crop and water stress and prediction of crop production (Stafford,
2000; Warren and Metternicht, 2005), but their role has been limited due to poor
revisiting time and spatial solution(Moran et al., 1997; Stafford, 2000). Furthermore
the role of manned aerial platform was limited because of its functional complexity
and high cost (Moran et al., 1997; Zhang et al., 2006; Berni et al., 2009a; Rango et
al., 2009), but the low altitude remote sensing system paid a new path to acquiring
earth images at from a low elevation. Unmanned Aerial Vehicle (UAV) is a new
concept in precision agriculture, which is being encouraged for this determination.
The purpose of this review paper is to provide an insight of UAV andits application
in precision agriculture by exploring their limitations, current practices andfurther
advancements.

Remote Sensing and precision farming

Application of remote sensing in precision agriculture is dominated by platform
used for data gathering, multispectral or hypersectral sensor, i.e. counts and width of
spectral bands, spatial andtemporal resolutions of sensors, and number of bits used
by the sensor, variable mapping and decision making system. Remote sensing is used
in all this stage of precision agriculture.

The application of remote sensing in agriculture is based along the concept of
interaction of electromagnetic radiation with plants and crops material. It assesses
the quantity of light reflected from soil and crop; simply do not react to the amount
of transmitted and absorbed light. The role of remote sensing in agriculture has
been applied since 1950s (Colewell, 1956). Agricultural Adjustment Administration
of the United States has used aerial imagery for monitoring of crop field in 1930s
(Monmonier, 2002). The essential points of interest of remote detecting in exactness
cultivating are the early identification of contagious and weed contaminations before
they wind up plainly noticeable to the human eye (Lorenzen and Jensen, 1989;
Malthus and Maderia, 1993).

The basic remote sensing platforms are satellite, unmanned and manned
aircraft, and balloons. Optical sensors, near infrared sensors and Radio Detection
and Ranging (RADAR) are some of the examples of sensors employed on platforms
of remote sensing for application in precision agriculture. The images collected by
these platforms programs are applied in estimating the biomass leaf area index,
water stress, weed and insect identification, crop production and therefore helpful
in crop monitoring, protection and management. Till now remote sensing is used in
many precision farming applications like monitoring and mapping of soil (De Tar
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et al., 2008; Gomez et al., 2008), weed identification (FLan et al., 2009), water stress
management (Lelong et al., 1998; Erickson et al., 2004), pest management of crop(e.g.,
Lan et al., 2009). Many products like wheat, rice, cotton were examined with the guide
of remote detecting strategies (Seelan et al., 2003; Zhao et al., 2007). The images used
for the investigation of crops are basically airborne multispectral or hypersectral and
multispectral satellite images. Presently the role of synthetic aperture radar (SAR)
was applied in application of precision farming, but their applications are restricted
because of high cost, time and, operational complexity (McNairn and Brisco, 2004).

The satellite used for remote sensing application in agriculture was taken up in the
early 1970s (Bauer and Cipra, 1973; Doraiswamy et al., 2003; Jewel, 1989) with the
launching of LANDSAT 1(Table 1). Many trends were recognizable in improvement
in techniques of satellite remote sensing. Firstly, there has been an improvement
in spatial resolution from 80 meters with LANDSAT to sub meter in Worldview.
Secondly the revisiting time is decreased to one day with Wolrldview satellite. At
last count of spectral bands was increased from four of LANDSAT to eight bands
of Worldview which increase the role of satellite based remote sensing in precision
agriculture. For the most part the image taken by satellite was used for estimation
of biomass (Yang et al., 2000) and crop output (Doraiswamy et al., 2003) with the
help of Normalized Difference vegetation index (NDVI) (Rouse et al., 1973). There
were many limitations associated with satellite based remote sensing like weather
conditions, atmospheric corrections in the image, geo rectification of images with
reference to earth coordinates, converting digital images into a true reflectance
image (Moran et al., 1997; Yao et al., 2010).

The image provided by satellite is of low spatial and temporal resolutions as
compared to UAV image. High resolution images provided by UAV were used in many
studies for examination of crop health including Leaf Area Index. Leaf Area Index
(LAI) influences the two properties of crop, i.e. Evaporation and photosynthesis,
which are hooked on solar radiation (Warren and Metternicht, 2005). The studies of
various crop canopies require the estimations of LAI. LAI is the main parameter that
can connect remote remote sensing to crop health and environment conditions (Wu
et al., 2007; Lopez-Lozano et al., 2009). Other applications of remote sensing include
soil monitoring(Sullivan et al., 2005), water stress management (Zarco-Tejada et
al., 2012), weed infestation (Gomez-Casero et al., 2010), chlorophyll and nitrogen
content of leaf, crop height, species andgrowth (Donoghue et al., 2006; Enclona et
al., 2004; Pena-Barragan et al., 2008; Castillejo- Gonzalez et al., 2009). Many of the
above mentioned data were determined by estimating various vegetation indices like
Normalized Difference Vegetation Index (NDVI), Enhanced Normalized Difference
Vegetation Index, Modified Soil Adjusted Vegetation Index (MSAVI), and the
GNDVT (Green Normalized Difference Vegetation Index)(Hunt, 2005; Fang, 2016;
Swain et al., 2007; Lelong et al., 2008).
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Table 1 - Satellite based remote sensing platforms used for precision farming applications.

LAUNCHING SPECTRAL SPATIAL REVISITING SWATH
SATELLITE PARTICIPANTS QUANTIZATION
YEAR RESOLUTION ~ RESOLUTION  TIME WIDTH
LANDSAT 1 23, July * NASA Fourbands 56 x79 m 18 days 6 bit 185 km
1972 « Department of the Interior (Green, Red,
(DOI) U.S. Geological 2 Infrared)
Survey (USGS)

* Manufacturer: General
Electric's (GE's) Space
Division in Valley Forge,

Pennsylvania
AVHRR 19, October ¢ NOAA's Polar Orbiting Four bands 1090 m 1 days 10 bit 2900 km
1978 Environmental Satellites (Red, NIR, 2

thermal

infrared)
LANDSAT 5 1, March * NASA 7 bands 30 meter 16 days 8 bit 185 km
Thematic 1984 * National Oceanic and (Blue,
mapper Atmospheric Green, Red,

Administration (NOAA) NIR, 2
* Earth Observation Satellite  SWIR,
Company (EOSAT) Thermal )
* Department of the Interior
(DOI) U.S. Geological

Survey (USGS)
SPOT 1 22, February e« Centre National d'é¢tudes 3 Bands 20 meter 26 days 6 bits 60 km
1986 spatiales (Green, Red,
* Belgian scientific, NIR)
technical and cultural
services(SSTC)
* Swedish National Space
Board (SNSB).
IRS1A 17, March * Indian Space Research 4 Bands ( 72 meter 22 days 7 bits 148 km
1988 Organization Blue, Green,
Red, NIR )
ERS 1 17, June * European Space Agency 2bands (Ku 20 meter 35 days 10 bits 102.5 km
1991 band
altimeter, IR
)
JERS 1 11, February ~ * NASDA (National Space L band radar 18 meter 44 days 3 bits 75 km
1992 Development Agency)
* Ministry of International
Trade and Industry
Science and Technology
Agency
LiDAR 1995 .- VIS (Vertical 10 cm N/A - -
RMSE)
RADARSAT 4, * Canadian Synthetic Cband radar 30 cm 3-6 days 4 bit 500 km
November Aperture Radar Earth
1995 Observation satellites
IKONOS 24, * Digital Globe Panchromati 1-4m 3 days 11 bits 11.3 km
September ¢, B,G,R,
1999 NIR
SRTM 11-22, * The National Aeronautics X band 30m N/A - 225 km
February and Space Administration ~ Radar
2000 (NASA)
* National Geospatial-
Intelligence Agency
(NGA)
Terr EOS 18, * NASA G, R, Near 15-19 m 16 days 8 bits 60 km
Aster December-r o Japan's Ministry of Infrared and
1999 Economy 6 Mid
* Trade and Industry Infrared, 5
(METI) Thermal
* Japan Space Systems infrared
bands

Source: David J. Mulla, “Twenty Five Years Of Remote Sensing In Precision Agriculture: Key Advances
and Remaining Knowledge Gaps”, Biosystems Engineering, 114, 2013, 358-371.
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Table 1- continued

EO-1 21, * NASA 400-2500 30m 16 days 12 bit 7.5km
Hyperion November nanometre,
2000 10
nanometre
bandwidth
Quick Bird 18, October  « Digital Globe Panchromati  0.61-2.4km  1-4 days 11 bits 16.8 km
2001 ¢, B,GR,
NIR
EOS MODIS 4, * NASA 36 bands 250-1000 m 1-2 days 12 bits 2330 km
November
2002
CBERS-2 21, October * Brazil 5 Bands 20 meter 26 days 8 bits 120 km
2003 ¢ China (Blue, Green
Red. NIR,
Panchromati
[9)
Rapideye 29, August * MacDonald Dettwiler, 5 Bands 6.5 meter 5.5 days 12 bit 77 km
2008 Ltd. (MDA) (Blue, Green
Red. NIR,
edge Red
)
Geoeye-1 6, * Digital Globe 6 bands 1.6 meter 2-8 days 11 bits 15.2 km
September (Blue, Green
2008 Red. NIR1,

NIR2
Panchromati

9

There is no doubt that satellite remote sensing is proved to be profitable and
beneficial for agriculture application (Godwin et al., 2003; Seelan et al., 2003,
Tenkorang and DeBoer, 2007) but nevertheless its use is limited. The restrictions
identified for remote sensing cover low spectral and temporal resolution, large
revisiting time, difficulty in data extraction and elucidation from image and in
cooperating this data in agronomic system for fieldmanagement (Jackson, 1984;
Du et al., 2008). Climate condition is in like manner an imperative issue for picture
obtaining from satellite remote detecting particularly the rainstorm.

It has levied that high price, lack of flexibility, operational complexity make the
function of satellite for remote sensing non practical (Stafford, 2000; Lamb et al.,
2008).

Unmanned Aerial Vehicle

The UAV is an aircraft without any human pilot on board. It can be operated
either remotely, i.e. controlled by a human operator or completely autonomously i.e.
by the help of on-board computer (Unmanned Aircraft System, 2016). It is basically
used in that area which is inaccessible and dangerous to human beings (Tice,
1991). In originally UAV is mainly used in military applications, but nowadays it
is expanding its wing in agriculture, scientific activities, andrecreation and in many
other applications like surveillance, delivering goods, photographs, etc. (Franke,
2015). UAV is used as a modish approach of farming for optimizing efficiency. By
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utilizing cloud computing UAV gives an extremely strengthfull information handling
and managing ability of data. It also provide aerial civil investigation and intelligence
collecting abilities with the help of various sensors, including multispectral, Near-
infrared and Light Detection and Ranging (LIDAR) (Rise Above, 2016).

Association for Unmanned Vehicle System International (AUVSI) estimated
that about 80% of the commercial market of UAV will be covered by agriculture
UAV andit will be able to generate around 100,000 jobs in the USA only (Chuchra,
2015).Nowadays geomatics is having a large application in precision agriculture
and field inspection because of its basic three-dimensional photography and data
interpretation skill (Santhosh et al., 2003; David, 2013).Inspection of crop field from
sky give a great opportunity of studying the crop from the different point of view,
perceiving few oddity of crop field which is difficult to find out from ground.

The important feature of precision agriculture is water stress management, crop
health monitoring, including insects, nutrients, biomass etc. (Lelong et al., 2008).
Conventionally satellite and manned aircraft were used for obtaining the distant
image of the earth but these images do not provide much information about the
spatial andtemporal response of crop (Nebiker et al., 2008). These problems were
overcome by the use of pliable unmanned aircraft like Unmanned Aircraft Vehicle
also known Remotely Piloted Aircraft Systems (RPAS) (Nexand Remondino, 2014;
Colomina and Molina, 2014). The various application of UAV in agriculture are:
crop patrolling, precision farming, weed controlling, soil properties monitoring, ice
alleviation and fertiliser utilisation (Everaerts, 2008; Sugiura et al., 2003; Sebastian
et al., 2015; BenDor E., 2002; Ehsani et al., 2014; Lucieer et al., 2014).

UAV conception on remote sensing provides a great opportunity for acquiring field
data in a very simple and fast way for accomplishing various application of precision
farming. Use of UAV is increasing day by day because of its enormous number of
benefits for managing resources of farml andespecially for studying health issues
of crops (Primicerio et al., 2012). UAV system incorporated with image, range,
position sensors are capable of capturing the multispectral image low level resolution
and provide a great opportunity in the field of precision farming (Lucieer et al., 2014;
Primicerio et al., 2012; Turner et al., 2011; Bendig et al., 2012). UAV gives us the
opportunity to perform various quantitative and enthralling opportunity to capture
image with good spatial and temporal resolution along with cost effectiveness as
compared to other remote sensing platforms (Primicerio et al., 2012). Table 2 present
a comparison between UAV with other Remote Sensing platforms.
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Table 2 - Comparison of Uav with other Remote sensing platforms.

SPATIAL FIELD OF COST OF DATA
PLATFORMS USABILITY PAYLOAD

RESOLUTION  VIEW ACQUISITION
UAV 0.5-10 cm 50-500 m Very good Limited Very low
Helicopters 5-50 cm 0.2-2 km Pilot mandatory  Limited Medium
Airborne 0.1-2m 0.5-5 km Pilot mandatory Unlimited High
Satellite 1-25m 10-50 km - - Very High

Source, Sebastian Candiago , Fabio Remondino , Michaela De Giglio , Marco Dubbini and Mario
Gattelli, 2015, “Evaluating Multispectral Images andVegetation Indices for Precision Farming
Applications from UAV Images”, Remote Sens. , 7(4), 4026-4047, d0i:10.3390/rs70404026.

Japan has been the first country to use UAV in agriculture for applications like
chemical spray in 1980 (Nonami, 2007), crop wiping in 1990. Around 1220 units
of unmanned helicopters manufactured by YAMAHA were sold and used in Japan
in the year 2001(Sato, 2003). About 40% of total lands used for rice paddies i.e.
2.5 million acres were spritz with the help of more than 2000 YAMAHA RMAX
pilotless helicopter.

Japan has outstripped USA in making commercial use of UAV in agriculture
(Rajvanshi, 2016). In spite of the fact that UAV have a vast embryonic in the field of
precision farming, it is still a neonate in many country. Opulence and reliability of
a country come from its and so it is necessary to make the agriculture sustainable,
high yielding and innovation by the use of advanced tillage technologies which
will bring food and vitality reliability in the nation leading to the promotion of new
era of green revolution (Rajvanshi, 2016).As it’s mentioned already that UAV have
huge application in the field of agriculture so next section of the paper describes
the various application of UAV in precision agriculture and challenges.

Application of UAV in precision agriculture

The use of UAV in precision farming is ascended from the last decennium
because of its low flight cost, good approachability and also it is a pragmatic
alternative to satellite and manned aircraft for obtaining high definition image by
remote sensing. There are many UAV manufactures available in the market (Table
3) who developed UAV with different specifications and based on dem andof
farmers. Some of UAV systems, which have developed till date are: Fixed wing
aircraft (Beard et al., 2005; Everaerts, 2008), chopper (Sebastian et al., 2015; BenDor,
2002), multi-copter (Ehsani, 2014; Bryant et al., 2013), motor parachute and glider
(Lelong et al., 2008; Sampaio et al., 2014; Bryant et al., 2013),
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UAV system with perpendicular take off and arrival ability (Primicerio et al.,
2012; Spanoudakis et al., 2003; Ugur Ozdemir et al., 2014), congregating ready made
parts (Huang et al., 2013) and commercialized UAV (Fornace et al., 2014; Perculija
et al., 2015) showing great capabilities in the field of farming and environment.
Together with the development of UAV platform, a variety of sensors have also
been developed that that can be used with a UAV for collecting data for tillage.
To capture image sensors like multispectral camera, thermal camera (Jose et al.,
2009), hyper-spectral camera (Caroline et al., 2015), digital camera (Jianwei Yue et
al., 2004) and low altitude/ large scale imaging units (Quilter and Anderson, 2001;
Tomlins and Lee, 1983) were used. The costs of all the types of sensors have been
declining with the improvement and development in manufacturing process and
technology. Compact camera is the cheapest method for sensing the near infrared
light by removing its infrared filter. Although these camera have no application
in sensing the long wavelength infrared light but still they are one of the cheapest
method for taking infrared images for Normalized Difference Vegetation Index
(NDVI). Normally the image taken by the camera installed on UAV is transmitted
wirelessly to the earth station

for image processing with the help of special software and programmes.
These images can also be stored in an on-board memory card and used when a
UAV is landed. An Inertial Navigation System or GPS and earth station with the
gliding planning scheme are essential for geo-referencing these images (Chao et
al., 2008; Grenzdorfter et al., 2008; Harwin and Lucieer, 2012; Nagai et al., 2009;
Xiang and Tian, 2011b). Laser scanners and synthetic aperture radar are some
other sensors used in farming applications (J. Lumme, 2008; Foody, 1998). Many
countries researcher have used UAV for monitoring and investigating many crop
species and fruit orchard. Other than the Normalized Difference Vegetation Index
(NDVI) there are many multib andspectral indices available for use in precision
agriculture. These various multib and spectral indices were tested by using (Table
4) UAV system.

In India KISAN project standing for Crop Insurance using Space technology
and Geoinformatics were launched by ministry of agriculture in 2015. This
project anticipates utilization of satellite and UAV-based image data along with
Geoinformatics technology for estimating reliable and accurate data on crop
production. This data were used by the government for improvement in crop
production and better planning Crop Cutting Experiments (CCEs) required for
the crop protection scheme. The government also launched an app prepared by
Indian Space Research Organizations to measure the real time data of damage
done to crops by hailstorm (Kisan Project, 2016).

UAV (Bulanon et al., 2014) in cooperating with multispectral camera and image
processing unit were used to develop a crop monitoring and evaluation scheme
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to assess the variation in water quantity in the field. This scheme was tested in
the Apple orchard situated at the Parma Research andExtension Centre of the
University of Idaho. The evaluation of results is based on Enhanced Normalized
Difference Vegetation Index (ENDVI) shows that tree having full drip and trickle
have a higher value of ENDVTI as compared to having less water input.

UAV were used for crop scouting to detect huanglongbing in Florida (Garcia-Ruiz
et al., 2013). This experiment was carried out by using a spectroscopy in the range
of 530-900nm and UAYV flew at height of 100 m to cover a field of 0.35 ha. The result
shows that data collected by UAV images give an accuracy of 67%-85% in detecting
huanglongbing proving its reliability in crop scouting.

UAV system for identification of Silybum marianum (L.) Gaertn weed were used
(Tamouridou et al., 2017). The fixed wing UAV installed with the high-resolution
camera used for taking the image of a pixel size of 0.1m. Maximum Likelihood
Classifier identifies Silybum marianum (L.) Gaertn weed among with A. sterilis and
other weed present in the crop field.

An unmanned copter based on low height remote sensing were used to acquire
high resolution images over a height of 20m on a rice field (Swain et al, 2010). From
the acquired data it was found that rice yield and biomass for five different regions
were remarkably different at 0.5 and 0.1 level of significance and their value of
NDVI is highly correlated to yield and biomass at the regression coefficient of 0.728
and0.760 respectively. This method is also applicable in determining the chlorophyll
content of leaf in respect of NDVT and evaluates the area which requires additional
nutrient to increase the yield of a crop.

An experiment was conducted to evaluate the cotton field response towards water
stress andcrop remnant management by attaching thermal infrared sensor on UAV
(Sullivan et al, 2007). The image of the sample location situated at the Tennessee
Valley Research and Extension Centre located in Belle Mina, Alabama took from
a height of 90m with a spatial resolution of 0.5 m. The results proved the TIR
emittance or UAV inspection is much accurate in differentiating the canopy response
to water stress andcrop remnant management as compared to stomatal conductance
measured on the ground which also time-consuming and labour intensive. UAV were
used for acquiring thermal and narrowb andmultispectral image to evaluate natural
properties of the sunflower crop like leaf area index, water stress, nitrogen content,
the yield of grains, and biomass in terms of NDVI during growing season (Vega et
al., 2015). Positive and high correlation confidence of crop indicates increased crop
production and biomass with increase in NDVI. The result also indicates that the
image taken at the appropriate time enables the farmer to use precision farming
techniques by recognising certain problems of crops which lead to enhancement of
profit, yield andenvironments benefits.
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Table 4 - Various multib andspectral indices used in precision farming and tested by UAV.

INDEX FORMULA FIRST TIME USE BANDS USES REFERENCES
NDVI (NIR - R) / (NIR + R) J.W. Rouse., Jr., R. H. NIR, VIS  Leaf Area Index Lelong, 2008; Calderén,
Haas, J. A. Well and D. Estimation 2013; Zarco-Tejada, 2012;
W. Deering, in 1973 Berni, 2009; Nebiker, 2008;
(Rouse et al., 1973) Sugiura, 2005; Stefanakis,
2013; Arnold, 2013.
Soil Adjusted (1+L)(NIR-R)/(NIR+R+L) A. R. Huete ( Huete et NIR, VIS  Leaf Area Index Lelong, 2008; Calderon,
Vegetation Indices al., 1988) Estimation 2013; Baluja, 2012.
Crop Water Stress (Dt - MIN) / (MAX - MIN) B. R. Gardner, TIR Water stress estimation  Calder6n, 2013; Baluja,
Index D. C. Nielsen, 2012; Gago, 2013.
C. C. Shock in 1922
(Gardner, Nielsen and
Shock et al., 1992)
Photochemical (Rs31- Rs70) / ( (Rss1 + Rszp) A.J. Richardson C. L. VIS Water stress estimation Calderon, 2013; Zarco-
Reflectance Indices Wigand in 1977 Tejada, 2012; Berni, 2009;
(Richardson , Wiegand Baluja, 2012.
etal., 1977)
Greenness Index (R-V)/(R+V) R.J. Kauth and VIS Amount of Chlorophyll ~ Lelong, 2008; Calderén,
G.S.Thomas in 1976 2013; Zarco-Tejada, 2012;
(Kauth , Thomas et al., Baluja, 2012.
1976)
TCARI/OSAVI 3[(Ry00 - Re70) - 0.2(Rz00 -Rss0)* (R7o0/ Rezo)] F. Bayrat, G.Guyotin  NIR, VIS Water stress and Calderén, 2013; Zarco-
/(1 +0.16) * ( Rsoo - Rez0) / (Rsoo - Rezo+ 1969 (Bayrat, Guyot et Chlorophyll detection Tejada, 2012; Berni, 2009;
0.16) al,, 1969) Baluja, 2012.
Green Normalised (NIR - G) / (NIR + G) Anatoly A.Gitelson, NIR, VIS Water stress, Nitrogen Lelong, 2008.

Difference
Vegetation Indices

Yoram J.Kaufman in
1988 (Gitelson,

Concentration and Leaf
Area Index Estimation

_ Kaufman et al., 1988)

Source: Esther Salami , Cristina Barrado and Enric Pastor,2014 , UAV Flight Experiments Applied to
the Remote Sensing of Vegetated Areas, Remote Sensing, 6, 11051-11081; doi:10.3390/rs61111051

An Unmanned Aerial Vehicle (UAV) for path detection developed by NASA were
used to monitor 1500 ha of Kavai Coffee field. This UAS is powered by solar having
both colour and multispectral camera (Hurwitz et al., 2004). LAN working with
unlicensed radio frequency was used for controlling the camera and downloading
of the image at a rate more than 5 Mbps-1 along with WAN used for up linking the
control comm andfrom ground station to UAV during the mission. Images from
the colour camera were used for evaluating irrigation and fertilizers peculiarities
whereas image from the multispectral camera was used successfully for estimating
fruit maturity. In spite of cloudy cover, this system was able to record cloud-free
images because of its good manoeuvrability

Implementation of cheap customer grade camera for colour infrared on 2 m wide
fixed wing UAV having weight 5.8 kg and 63 km/hr speed with respect to ground
integrated GPS to measure canopy height (Tajeda et al., 2014). Total 750 and 679
high-resolution images of both study area was taken to generate Geo-referenced
and digital surface model with the help of Pix4UAV plotting software. The study was
conducted on olive orchard. This system is a replacement of expensive and complex
LIDAR system used in farming applications.
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Challenges

Use of UAV in farming will have a huge influence on both tillage industry and
customers as it is expected to exp andits market to 21.23 billion dollars by 2022 with
the compound annual growth rate of 19.99% between 2016 to 2022 (Markets and
Markets, 2013), howbeit its implementation in agriculture field faces many challenges
than just ministerial issues. This section of the paper discusses challenges and issues
of using UAV in farming.

Technology contraints

There is no worldwide acceptable solution for each crop because each crop has
different properties so they need to be analysed in a different manner to produce
operation-able data. Traditionally garner does not want to learn and adopt advanced
farming technologies like UAV so the ultimately specialist is required to operate the
advanced technology to generate a solution for garner. These issues lead to increase
in technical complexity and running cost. To avoid this problem, it is necessary to
make a UAV fully autonomous, i.e. they are able to do the entire task by their own;
have the statistical andgraphical representation of data when they are landed and for
this garner just need to press the start button from their cell phone. The UAV will
automatically do the entire task, including imaging, data transfer, result generation
etc.

As it is very clear from the above discussion that aerial image is very capable
of telling the health status of the crop, locating the problems in the fields and with
further amendments it will be able to tell which class of affliction is affecting the crop.
The imaging system suffers from the problem of test- retest reliability of data that need
to be vanquished for developing a reliable and authentic system. Nowadays various
image sensor for NDVI, GNDVI, LAI is present to give the insight of crop fields, but
to know what exactly is going on at the biological stage in the crop field it is necessary
to do a comparison study of present data with previous data. This comparison of data
will give positive or negative trend followed by crop, as this data is being compared
to produce the trend so they need to be collected in a repeatable way. The collection
of data is very much affected by weather, cloud, the amount of sun energy reaching
to crop and angle of the sun. Due to this reason, entire data gathering must be done
in a reiterate manner under same environment. The different season will produce a
different reflectance value so the future system must be designed in such a manner
that the data can be calibrated based on old data in a systematic manner to generate
calibrated value for further iterations of data.

Another technical constraint of the UAV is its payload andgliding time. Li-ion
batteryis used to power UAV because ofits light weight, but it does not st andanywhere
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in front of gasoline power. In multi-copter, as payload increase its gliding time reduces
due to its disk loading and requirement of a generation of impelling equal to its mass.
However, reduced gliding time can be overcome by the use of fixed wing UAV, but it
cannot hang at a place and also faces difficulty in landing.

Safety, privacy and security issues

In today’s world anyone can buy UAV for picture making, leisure, package dispatch,
mapping, patrolling, etc. Although customized UAV is much more in dem and than
that of commercial UAV, they are much more dangerous as they do not follow the
norms of electrical power system. This lack of regard can prompt the failure of UAV,
hazard to humans and destruction of material. To avoid such type of incident, it is
necessary to develop guidelines for flying UAV. Another concern with UAV is privacy
and security. If a UAV fall in wrong hand, then it will become a very dangerous threat
to security and privacy of citizens.

At the present time, there is no set of rules and regulations which can be followed
by UAV during their operation habit. Federal Aviation Agency (FAA) and other
organizations are working towards it due to the high uplifting of technology in this
field.

Controlling bodies and regulations

The UAV has been used in military applications from many decennium but this
is yet to be universally accepted for profit making applications due to the ban placed
because of its safety and rules constraints (Clarke, 2014). In every country there is
National Aviation Authority that overlooks the rules and regulation of domestic
aeronautics.

In a country like India Directorate General of Civil Aviation (DGCA) under
the supervision of the Ministry of Aviation implements the rules and regulations
for better utilization of UAV in both military and civil environment. In the past
year there were lots of deputation and commission for setting right regulation and
substructure for the safe operation of the UAV. To ensure proper operation of UAV
DGCA is planning to do registration of all civilian drones and issuing permission
letter for operating them. The association bought an 8 pages draft regulation in May
2016 inviting various stakeholders to provide their valuable suggestion before the
release of the final edition of rules and regulation.

According to this draft, each UAV sold in India must have their distinctive
recognition number and each person flying UAV must have permission letter. For
flying UAV beneath a stature of 200 ft. authorization from the local authority is
required and if stature is over 200 ft. at that point consent from DGCA has required
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likewise a dem and letter for getting the authorization need to submit before 3
months of the flying date. Only citizen of India or company governed by citizen of
India can register their drones or UAV under this rule. Presently DGCA is in the
process of auditing the response to its advocacy from its stockholders (Government

of India Office of The Director General of Civil Aviation, 2016).

Table 5 - Controlling bodies for aeronautics in different countries.

COUNTRY AUTHORITY NAME WEBSITE
Afghanistan Ministry of Transport and Civil Aviation www.motca.gov.af
Argentina National Civil Aviation Administration www.anac.gov.ar
Armenia General Department of Civil Aviation of Armenia www.aviation.am
Australia Civil Aviation Safety Authority WWWw.casa.gov.au
Austria Federal Ministry for Transport, Innovation and wiw.bmvit.gv.at
Technology
Belgium Federal Public Service Mobility and Transport www.mobilit.fgov.be/fr/
Brazil National Civil Aviation Agency of Brazil www.anac.gov.br
China Civil Aviation Administration of China WWW.caac.gov.cn
Colombia Special Administrative Unit of Civil Aeronautics www.aerocivil.gov.co
France Directorate General for Civil Aviation www.dgac.fr
Germany Federal Office for Civil Aviation of Germany http://www.lba.de/EN/
Hong Kong Civil Aviation Department www.cad.gov.hk
Indonesia Directorate General of Civil Aviation hubud.dephub.go.id
Iran Civil Aviation Organisation of Iran WWW.Cao.ir
Iraq Directorate General of Civil Aviation of Iraq www.iragcaa.com
Ttaly National Agency for Civil Aviation www.enac-italia.it
Japan Japan Civil Aviation Bureau www.mlit.go.jp

South Korea

Korea Office of Civil Aviation

koca.go.kr

sct.gob.mx/transporte-y-medicina-

Mexico Directorate General of Civil Aviation of Mexico . . .
preventiva/aeronautica-civil/

Myanmar Department of Civil Aviation of Myanmar www.mot.gov.mm/dca/

Switzerland Federal Office for Civil Aviation www.bazl.admin.ch/index html?lang=en

Taiwan Civil Aeronautics Administration WWW.Caa.gov.tw

Thailand The Civil Aviation Authority of Thailand http://www.caat.or.th/
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Future scope of UAV

Use of UAV in precision farming is boosting day by day and in future, it will increase
its pace. Definitely, the coming year will bring more advanced UAV technologies
in the agriculture field. It is crystal clear that UAV applications in farming are still
neonate and it has lots of scope for improvement in terms of technology and other
farming application. Future scope of UAV includes improvement in its designing,
availability of cheaper and good quality hardware, relaxation in regulation, advanced
and easy image and data processing method and particle representation of result for
better utilization by a farmer.

The UAV can gather the aerial image, but it does not let the farmer to know
about the cause of non-uniformities present in the field, to overcome this, UAV
can collaborated with an unmanned ground vehicle and robots for better analysis
andmonitoring of crop fields. Today’s advanced information technologies like cloud
computing, big data analysis can also be integrated with a UAS for advanced data
gathering and evaluation.

Conclusion

In today’s world of completion, it is necessary for garner to meet the requirement
of the present population while maintaining sustainable development. Precision
farming is the key to initiate another green revolution in World. The emerging
technology in precision farming is based on Satellite based remote sensing and
airborne remote sensing. The use of Satellite based remote sensing proves to suffer
from various drawback such as- prohibited use, high price, less revisiting them, poor
resolution due to great height; Unmanned Aerial Vehicle (UAV) is other alternative
option for application in precision farming. UAV overcomes the drawback of the
ground based system, i.e. inaccessibility to remote and very dense regions. Use of
UAV in agriculture application like water stress management, biomass detection,
weed identification have already proved to be a success, but still, there are lots of
issues andchallenges associated with UAV implementation in farming, including the
high cost of operation and hardware, strict regulations, safety, security, a complex
method of data processing.

It is anticipated that the lower cost of hardware, advanced UAV technology,
relaxed policy, and modified and improved image analysis software will increase the
acceptance of UAV in agriculture. In summation, the government must consider
several steps towards making farmer aware about these technologies so that they
can strengthen their capabilities to satisfy the requirement of present and future
population.
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