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Introduction
Remote sensing is the acquisition of information about an object or any phenomenon without
making any physical contact with the object. It is a phenomenon that has numerous
applications, including photography, surveying, geology, forestry, and many more. But it is in
the field of agriculture that remote sensing has found significant use. There are very many
applications of remote sensing in the agricultural sector. The technology can be applied to
monitor insect pest and disease surveillance, along with field observations. Remote sensing
inputs combine with crop growth simulation models are very useful tools in crop yield
forecasting. Below is the summary of the applications in agriculture
1. Identification, Area Estimation and Field Monitoring
2. Crop Nutrient Deficiency Detection
3. Crop Yield Modelling and Production Forecasting

Spectral Imaging
Spectral Imaging is one of the Remote sensing technique that uses multiple bands across
the entire electromagnetic spectrum. The human eye is sensitive only to the visible spectrum;
changes in the non-visible spectrum is not captured by the human eye. Spectral imaging uses
a wide variety of techniques that go beyond measuring RGB bands. Remote sensing technology
uses the visible, infrared and microwave regions of radiation to collect information about the
earth’s surface. The responses are used to distinguish objects such as vegetation, water, bare
soil, concrete and other similar features.
Classification of spectral imaging is done primarily on the number of bands
1. 3-10 Bands of the spectrum - Multispectral imaging
2. > 10 (usually 100) Bands of the spectrum – Hyperspectral imaging

Figure 1: Electromagnetic spectrum Source: Wikipedia
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Multispectral Data
Multispectral remote sensing involves the acquisition of visible, near-infrared, and short-wave
infrared images in several broad wavelength bands. Different materials reflect and absorb
differently at different wavelengths. As such, it is possible to differentiate among materials by
their spectral reflectance signatures as observed in these remotely sensed images, whereas
direct identification by the Human Eye is usually not possible.
An example of a multispectral sensor is Landsat-8.

Band Name

Spectrum Range

Coastal aerosol in band 1

(0.43-0.45 um)

Blue in band 2

(0.45-0.51 um)

Green in band 3

(0.53-0.59 um)

Red in band 4

(0.64-0.67 um)

Near infrared NIR in band 5

(0.85-0.88 um)

Short-wave Infrared SWIR 1 in band 6

(1.57-1.65 um)

Short-wave Infrared SWIR 2 in band 7

(2.11-2.29 um)

Panchromatic in band 8

(0.50-0.68 um)

Cirrus in band 9

(1.36-1.38 um)

Thermal Infrared TIRS 1 in band 10

(10.60-11.19 um)

Thermal Infrared TIRS 2 in band 11

(11.50-12.51 um)

Vegetative Indices (VI) enable the acquisition of ecological information from satellite and
drone data through the analysis of multi or hyperspectral imagery bands. Although
hyperspectral imaging provides more information compared to the multispectral imaging, the
availability of Sentinel 2 and Landsat -8 open-source data enables computing some of the key
Indices using Multispectral bands
1. Normalized Difference Vegetation Index (NDVI)
2. Enhanced Vegetation Index (EVI)
3. Soil Adjusted Vegetation Index (SAVI)
4. Normalized Difference Water Index (NDWI)
5. Normalized Pigment Chlorophyll Ratio Index (NPCRI)
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All the above indices can be derived from spectral bands captured by the Sentinel-2 and
Landsat -8 satellites.

Normalized Difference Vegetation Index (NDVI)
The Normalized Difference Vegetation Index (NDVI) is an index of plant greenness” or
photosynthetic activity and is one of the most commonly used vegetation indices. NDVI values
range between 0 and 1. Very low values of NDVI (<00.1) correspond to barren areas of rock,
sand or snow. Freestanding water tends to be in the very low positive to negative values. Soils
tend to generate rather small NDVI values (0.1–0.2). Sparse vegetation such as shrubs and
grasslands may result in moderate NDVI values (0.2–0.5).
The Enhanced Vegetation Index (EVI) is the most common alternative vegetation index which
addresses some of the issues with NDVI (soil and atmosphere limitations).
𝑁𝐷𝑉𝐼 =

(𝑁𝐼𝑅 − 𝑅𝐸𝐷)
(𝑁𝐼𝑅 + 𝑅𝐸𝐷)

Sample NDVI maps of the fields we are working on field monitoring and yield modelling.

Figure 2 : NDVI map of one of our FPO fields

Enhanced Vegetation Index (EVI)
The Enhanced Vegetation Index was developed as an alternative vegetation index to address
some of the limitations of the NDVI and developed to
1. More sensitive to changes in areas having high biomass (a serious shortcoming of
NDVI).
2. Reduce the influence of atmospheric conditions on vegetation index values.
3. Correct for canopy background signals
𝐸𝑉𝐼 = 𝐺 ×

(𝑁𝐼𝑅 − 𝑅𝐸𝐷)
(𝑁𝐼𝑅 + 𝐶1 × 𝑅𝐸𝐷 − 𝐶2 × 𝐵𝑙𝑢𝑒 + 𝐿)
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Sample EVI maps of the fields we are working on field monitoring and yield modelling

Figure 3 : EVI map of one of our FPO fields

Soil Adjusted Vegetation Index (SAVI)
In areas where vegetative cover is low (i.e., < 40%) and the soil surface is exposed, the
reflectance of light in the red and near-infrared spectra can influence vegetation index values.
This is especially problematic when comparisons are being made across different soil types that
may reflect different amounts of light in the red and near-infrared wavelengths (i.e., soils with
different brightness values). The soil-adjusted vegetation index was developed as a
modification of the Normalized Difference Vegetation Index to correct for the influence of soil
brightness when the vegetative cover is low.
𝑆𝐴𝑉𝐼 =

(𝑁𝐼𝑅 − 𝑅𝐸𝐷)
∗ (1 + 𝐿)
(𝑁𝐼𝑅 + 𝑅𝐸𝐷 + 𝐿)

L is the soil brightness correction factor. The value of L varies by the amount of cover of green
vegetation: in very high vegetation regions, L=0; and in areas with no green vegetation, L=1.
Sample SAVI maps of the fields we are working on building yield modelling.

Figure 4 : : SAVI map of one of our FPO fields
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Normalized Difference Water Index (NDWI)
The Normalized Difference Water Index (NDWI) measures the change in the water content
of leaves by using the NIR and SWIR bands. Because NDWI is sensitive to the water content
of plants as well as bodies of water, it is often used for drought monitoring, recording yield
reductions, reservoir discharge, lowering of groundwater levels, etc.
𝑁𝐷𝑊𝐼 =

(𝑁𝐼𝑅 − 𝑆𝑊𝐼𝑅)
(𝑁𝐼𝑅 + 𝑆𝑊𝐼𝑅)

Multispectral imaging only helps in commuting the vegetation indexes, but more
advancements can be done using Hyperspectral imaging and using crop signatures.
Sample NDWI maps of the fields we are working on building yield modelling.

Figure 5 : NDWI map of one of our FPO fields

Normalized Pigment Chlorophyll Ratio Index (NPCRI)
Crop/vegetation chlorophyll content is one of the parameters that is needed to determine
several physiological parameters of plants. For example, crops with low Nitrogen content
usually have a high carotenoid to chlorophyll ratio. Changes in s
uch parameters can alter the spectral response of plants, thus making it possible to quantify
them using spectral indexes. The Normalized Pigment Chlorophyll Ratio Index (NPCRI) is a
numerical indicator that is associated with the chlorophyll content and can find applications
in precession agriculture.
𝑁𝑃𝐶𝑅𝐼 =

(𝑅𝐸𝐷 − 𝐵𝐿𝑈𝐸)
(𝑅𝐸𝐷 + 𝐵𝐿𝑈𝐸)
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Sample NDWI maps of the fields we are working on field monitoring and building yield
modelling

Figure 6 : : NPCRI map of one of our FPO fields

Hyperspectral Imaging
Hyperspectral imaging systems acquire images in over one hundred contiguous spectral
bands. Hyperspectral imagery is typically collected (and represented) as a data cube with
spatial information collected in the X-Y plane, and spectral information represented in the
Z-direction. NASA AVIRIS (Airborne Visible/Infrared Imaging Spectrometer) measures
the spectral responses in 224 contiguous spectral bands with a spectral range of 360-2500 nm.

Figure 7 : Hyperspectral Cube
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Machine Learning & Hyperspectral Imaging
Hyperspectral Images provide a continuous spectrum that makes Machine Learning systems
learn signatures in both spatial and spectral domains, thus exhibiting correlations in space and
spectral domains. Training Deep Learning models on RGB images only extracts information
based on a spatial dimension; in the contrary, working on Hyperspectral data extracts features
jointly across the spatial and spectral dimension for better classification accuracy.

Figure 8 : CNN Network

Applications of Hyperspectral data
1. Detection of Stress-related Spectral Variations
2. Drought Stress
3. Plant Pathogens
4. Nutrient Stress
5. Analysis of Soil Properties
6. Helps in early detection of diseases
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Agrometrics Products
In one of our products AgConnect we have integrated the Multispectral Imaging using the
open -source Satellite scenes by Landsat -8 and Sentinel-2 Satellites. We have a monitoring
package that provides vegetation maps to get the overall summary of the field. We developed
analytics solutions using this raw information to identify anomalies within the field and across
the two-time instances using vegetation maps. We use time series analysis to recommend
Planting data and harvest data based on historical data.
We are also working on augmenting Hyperspectral Imaging data collected from the drone’s
data to get the high spectral and high-frequency data for the betterment of Disease and Pest
detection.
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About Agrometrics
AGROMETRICS is a Global AgTech company, providing state-of-the-art technological
products & services to the agriculture sector. We leverage the effective use of technology in
combination with advanced analytical techniques to deliver insights to the stakeholders in
the agribusiness sector in a way that would reduce costs, improve productivity, increase
quality, and efficiency. We develop various products using advanced technologies such as
Artificial Intelligence (AI), Machine Learning (ML), IoT, among others to bring solutions in
increasing the yield per acre without putting burden on the already limited natural
resources. AGROMETRICS has its headquarters in Madison, Wisconsin, USA with branch
office in Hyderabad, India.
For more information, visit our website and blog, follow us on LinkedIn and like us on
Facebook.
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