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Abstract— Now a day’s Remote Sensing is widely used in many upcoming technology for scientific research ,medical field , 

field of agriculture etc . Hyperspectral remote sensing is the best utility for the crop diversity,crop monitoring and crop 

health assessment.  This paper   determine the  spectral data of    jowar leaves samples and to  calculate the spectral 

vegetation  indices. So that it can  identify the condition of crop is healthy or unhealthy by using reflectance spectra of the 

crop and also by finding the chlorophyll content of healthy and disease leaves. 

The biophysical and biochemical parameters is estimated by using vegetation indices like NDVI,PSSRa,PSSSrb,PSSrc, 

ARI,CRI,WI,XI. Spectral reflectance curve of jowar crop leaves  is measured using field spec 4 (Analytical Spectral 

Device) spectroradiometer and 30 leaves was taken to take the spectral curve of each leaves which includes  healthy, 

disease and dry leaves.  

 

IndexTerms— Field Spec 4, Jowar Leaf samples ,Spectral Reflectance, Spectral Indices Calculations. 

 

I. INTRODUCTION  

The development in the jowar crop growth study requires quantification and monitoring of biochemical and biophysical 

attributes. The Hyperspectral remote sensing data  is the best utility for diversity of crop monitoring applications.The 

reflectance and absorption features are related to specific crop characteristics such as physical structure, biochemical 

composition, plant ecophysical  status and physical structure.[3]. Hyperspectral remote sensing plays a very vital role in 

agriculture Field . Hyperspectral remote sensing  is today rising  technology that is  being used to identified by academicians, 

researchers, and scientists  with regards to identification of terrestrial mapping, crop discrimination, Land Use Land Cover,  

and many more applications.[2]As we know Food is the basic need for the survival of every human being. Sorghum(Sorghum 

bicolor L.)  is an important cereal crop in India popularly known as “Jowar” and large size among other grain millets is also 

called as a ‘Great millet’ which known as a king of millets. It is one of the important food crops in dry lands of tropical Africa, 

India and China. In India, sorghum is one of the staple food crops of many states, and is consumed by a large section 

particularly in the non-irrigated dry land areas with low rainfall. India is a major sorghum growing country in the world. 

Protein quality and essential amino acid profile of sorghum is better than many of the cereals and millets. Jowar crop is rich 

source of fiber and B-complex vitamins .Sorghum is rich in fiber and minerals, apart from having a sufficient quantity of 

carbohydrates (72%), proteins (11.6%) and fat (1.9%). Starch is the major constituent of the grain. The protein in sorghum 

contains albumin globulin (15%), prolamin (26%) and glutelin (44%).[4]Sorghum is important feed and food crop in the world 

and used as a fodder to feed millions of animals providing milk and meat for human beign.It is also used as industrial raw 

material in various industries. In India flour is used after grinding the grains for preparing ‘Bhakri’.Spectroradiometrical 

sensors are used  to measure absorption and reflectance in a specific wavelength. Using wavelengths, Bio-chemical 

characteristics such as reflectance and absorption features can be detected.[1].This bio-chemical variables help us to study 

chlorophyll content ,cartenoid pigments and other biophysical variables. 

This  paper reports on an experimental method to discriminate jowar crop leaf samples  types using hyperspectral bands ranges 

from 400nm to 2500 nm and also report on chemical extraction methods. 

II. EXPERIMENTAL SETUP 

This Section help us to understand and study about the instrument details by using the characteristics of Non-imaging Hyper-

spectral instrument. 

A. Study site and Experimental Setup 

 This experimental data is being selected for jowar crop leaf study area which has been obtained during growing season of 

summer 2018 at Aurangabad  region ( Lat19.91472 N  19 ̊ 54’53.01 and Long 75.33757 E 75 ̊20’15.258)Maharashtra ,India. 

Maximum temperature is 25 ̊-32 c̊ and Minimum Temperature is 15 ̊c annual rainfall 40cm Jowar Crop requires Sandy loam soil 
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and Ph of 6 to 7.5 for better growth . Total  30 jowar crop  leaf samples  were taken of  each healthy and unhealthy and was  

measured by using ASD Field Spectrometer. 

 

B. Measurements and Instruments: 

A spectroradiometer is an instrument that measures the radiation over a specific bands of electromagnetic spectrum from gamma 

rays into th far infrared.In this study ,a hyperspectral instrument ASD Field Spec 4 spectroradiometer (Analytical Spectral  Device 

) was used to measure the spectral signature of jowar crop leaf samples .The spectral range starting from 350nm to 2500nm 

(Visble,Near-infrared and short wave infrared)were as Visible and near-infrared  range is (VNIR, 400–1200 nm) and shortwave 

infrared  range is  from (SWIR, 1200–2500 nm). 

  ASD Field Spec 4 instrument is collaborated with 64 bit laptop to support View Spec pro, Indico Pro and RS3 software packages 

for database collection and basic pre-processing operations.[8] .The  ASD Software Rs3 Spectral Acquisition Software was used 

to process and analyze recorded spectral curves.To evaluate Mean,Median and standard deviation Standard statistical functions 

were applied from the selected files. Instrument sampling intervals of ASD are (1.4nm and 2 nm) with the 1nm linear spacing 

interval. The spectral responses were collected under the 45 degree and Field of View (FOV) lamp angle. Each leaf sample 

reflectance curve was measured as an average of 10 spectral measurements.The 8-degree FOV along with fiber optic cable is used 

for spectra collection using RS3 which is in-built software tool calibrated with the instrument. The following Figure shows  the 

leaf samples and generated spectral response curve ranging from 350nm-2500nm using spectroradiometer. The spectra were 

collected in of jowar  crop leaf growth stages including healthy leaves, diseased leaves and dry leaves.The x-axis represents 

wavelength spectrum and the Y axis represents reflectance of observed samples as shown in below figure. 

 

.  

Figure 2.1  Healthy leaves of Jowar crop 

 
Figure 2.2  Disease leaves of Jowar crop 

 
Figure 2.3  Dry leaves of Jowar crop 
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Figure 2.4:Spectral signature 

 

III. PROPOSED METHODOLOGY  

There are total 30 jowar crop leaf  samples  taken  and each  leaf samples spectral curve is measured by using  Field Spec 

4(Analytical Spectral Device).By using the spectroradiometer the spectral signature is generated for each leaf . The x-axis 

represents wavelength spectrum and the Y axis represents reflectance of leaf samples.The  preprocessing methods are applied to 

establish good result . The filtering technique is used to remove unwanted noise present in the raw data of spectra signature of leaf 

samples.The importance of filtering technique is used to remove noise error present in it while taking the spectral curve of jowar 

crop leaf and it try to give appropriate and accurate error free data.The two filtering process is used is Medium Filter and Savitkzy 

Golay Filtering (SGF).Below is the process methodology of data. 

 

 

 
Figure 3.1  :Process Methodology 

 

 

 

 

A  Pre-processing Technique: 

 

i) Medium Filter: 

The purpose of smoothing technique is to reduce the level of noise keeping spectrum details. It is non –linear digital filtering 

technique. Used to remove noise. It helps to  preserve edges .It replaces a pixel by the median ,instead of the average of all 

pixel in a neighbourhood w. Where w represent neighbourhood  defined by the user, around central location [m,n] 

 

𝑦[𝑚, 𝑛] = 𝑚𝑒𝑑𝑖𝑎𝑛{𝑥[𝑖, 𝑗], (𝑖, 𝑗) ∈ 𝑤}        (1) 

 

ii) Savitkzy Golay Filtering (SGF): 

It is designed to analyze the absorption peaks in noisy spectra.It help to preservethe area of spectrum and width of spectral 

peaks which may be useful for some statistical analysis. 
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𝑆𝑎𝑣𝑖𝑡𝑘𝑧𝑦𝐺𝑜𝑙𝑎𝑦𝐹𝑖𝑙𝑡𝑒𝑟 = ∑ 𝐶1
𝑛 𝑛𝑆𝑖 + 𝑛          (2) 

 

Where, Cn are weight coefficients computed in a moving window, Si is finite impulse response filter used for a linear 

combination of neighbor values of spec-tral bands and n is the number of spectral sample points.where as equation 1 and 2 is used 

for filtering process. 

 

B  Spectral Indices Calculation  

Spectral Vegetation index measurement derived from remotely sensed observation shows great promise as a means to improve 

knowledge of vegetation  pattern. 

Table 1 Spectral Indices . 

 

Sr.no Name Abbre

viation 

Formulae Indicator 

1.) Simple 

Ratio 800/680 

PigmentSpecificSimpleRatio(Chloro

phyll a) 

PSSRa

  

PSSRa=R8

00/R680n

m 

Chlorophyll a 

2.) Simple Ratio 800/635 

Pigment Specific Simple 

Ratio(Chlorophyll b) 

PSSRb

  

PSSRb=R8

00/R635n

m 

Chlorophyll b 

3.) Simple Ratio 800/470 

Pigment Specific Simple 

Ratio(Carotenoid) 

PSSRc PSSRc=R8

00/R470n

m 

Carotenoid 

4.) Normalized Difference Vegetation 

Index 

NDVI

  

NDVI=R7

50-

R550/R75

0+R550 

Biomass content 

5.) Anthocyanin Reflectance Index ARI ARI=1/R5

50-1/R700 

Anthocyanin 

6.) Carotenoid Reflectance Index CRI CRI1 = 

1/R510 –     

1/R700 

Cartenoid 

7.) Xanthophyll Index  XI

  

XI=(R528-

R567)/(R5

28+R567)

  

Xanthophylls 

8.) Water Index  Wi

  

Wi=R900/

R970  

Water Content 

 

 

Spectral Vegetation index measurement derived from remotely sensed observation shows great promise as a means to improve 

knowledge of vegetation  pattern. 

  A green healthy leaf has typical Spectral features, which is different from functioning of 3  main spectral wavelength range .In 

visible bands(400-700nm),absorption  light absorption by pigments dominates the reflectance spectraum of the leaf by fifteen 

percent and thus lead to lower reflectance .The other 2 important main absorption band is blue(450nm) and red (670nm),due to 

absorption of the two main leaf pigment the chlorophyll a and b ,which account sixty-five of the total leaf pigment of the crop. 

The strong absorption bands include a reflectance peak in the yellow-green(550nm)band.For this reason,chlorophyll is called the 

green pigment. The Xanthophyll has a strong absorption band in the range from 300-550 nm range and it is responsible for the 

leaf color fall . The  chlorophyll band  like PSSR-a, PSSR-b, PSSR-c indices provide spectral features for crop health assessment 

and  CRI and ARI index gives spectral information of crop disease severity. X1 spectrum informs about crop capacity to make 

wood and for other uses. WI provides availability of water contents . 

The normalized difference vegetation index ( NDVI)representative of the various spectral indices and it divides the difference 

between reflectance values in the visible red to near infrared wavelengths by the overall reflectance in the wavelength to give an 

estimation of green vegetation .  
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IV. RESULT AND  DISCUSSION 

The reflectance spectra of jowar leaf samples in shown below figure 4 in order  to calculate  spectral indices by using visible 

and near-infrared band(300-2500nm).By using various band  ranging from 300nm to 1700nm is used to find out the healthy 

and unhealthy condition of crop  . 

 
Figure 4.1 Spectra of leaf samples. 

 

 

Below Table shows the result for healthy and Disease leaf of Jowar crop 

 
Healthy leaf Spectral indices calculation Result 

Indices Leaf1 Leaf2 Leaf3 Leaf4 Leaf5 Leaf6 

PSSRa 2.848214 

 

3.330097 

 

7.403846 

 

2.693023 

 

4.632075 3.197183 

 

PSSRb 2.593496 

 

2.956897 

 

5.746269 

 

2.090253 

 

3.340136 2.639535 

 

PSSRc 3.222222 

 

3.572917 

 

8.369565 4.320896 

 

5.010204 3.519380 

NDVI 0.352941 0.382845 0.516260 0.268889 

 

0.368571 

 

0.332317 

ARI 0.022827 

 

0.106673 

 

1.212023 

 

0.400991 0.401221 0.001000 

CRI -0.579414 

 

-0.022827 

 

-0.106673 

 

-1.212023 -0.400991 

 

-0.401221 

 

X1 -0.014354 

 

-0.086093 -0.050251 -0.034314 -0.031359 

 

-0.025641 

 

Wi 1.020964 1.004357 

 

1.022523 

 

1.028329 1.017391 

 

1.021930 

 

Table 2 : Healthy leaf spectral Indices Calculation 

 

 

 

Diseases leaf Spectral indices calculation Result 

Indices Leaf1 Leaf2 Leaf3 Leaf4 Leaf5 Leaf6 

PSSRa 0.981132 

 

1.023810 1.000000 

 

1.066667 

 

0.045851 

 

0.969565 

 

PSSRb 2.056604 

 

1.977273 

 

1.780488 

 

1.878788 

 

1.967742 

 

0.902834 

 

PSSRc 1.058252 

 

1.208333 

 

1.377358 

 

2.137931 

 

3.588235 

 

0.874510 

NDVI -0.129252 

 

-0.162393 

 

-0.145455 

 

-0.130435 

 

-0.186047 

 

-0.047619 

 

ARI -7.182576 

 

-8.549932 

 

-9.126984 

 

-11.072261 -13.725490 

 

-0.376435 
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CRI -7.182576 -8.549932 

 

-9.126984 

 

-11.085661 

 

-1.724230 

 

-0.376435 

 

X1 0.035714 

 

0.020000 -0.037037 

 

-0.064516 

 

-0.142857 

 

0.003953 

Wi 0.981481 1.000000 

 

1.000000 

 

1.068966 

 

1.080000 

 

1.022936 

Table 3 :Diseases  leaf spectral Indices Calculation 

 

 

Validate  Result 

 

Vegetation 

Indices 

Healthy leaf  Disease leaf 

Max  Min Max  Min 

PSSRa 7.403846 

 

2.693023 

 

1.000000 

 

0.045851 

 

PSSRb 5.746269 

 

2.090253 

 

2.056604 

 

0.902834 

 

PSSRc 8.369565 3.222222 

 

3.588235 

 

0.878049 

NDVI 0.516260 0.268889 

 

-0.036166 

 

-0.022774 

 

ARI 1.212023 

 

0.001000 -13.725490 

 

-0.206736 

CRI -0.579414 

 

-0.106673 

 

-11.085661 

 

-0.278561 

 

X1 -0.086093 0.031359 -0.064935 

 

-0.037037 

 

Wi 1.028329 1.017391 

 

1.080000 

 

0.981481 

Table 4: Result 

V. CONCLUSION 

In this study ,a comprehensive search on jowar health assessment is been done by using Field Spec4 hyper spectral instrument 

to gather the spectral curve of each jowar crop  leaf samples . And by using the spectral wavelength generated while 

experimentation work and on the basis of reflectance of the spectral data  using visible and near-infrared bands(300-2500nm) 

we have validated  the results. This study is being trying to solve farmers issues related to crop health ad to make proper 

decision for farmers as well as for government for further agriculture management. 
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