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CROPS SPECTRAL LIBRARY AND ITS UTILITY:  

Different surface types such as water, bare land and vegetation reflect 

radiation differently across different channels. The radiation reflected as a 

function of the wavelength is called the spectral signature of the surface. This 

distinguishes between vegetation areas and bare soil. The Crop Spectral Library 

(CSL) is a collection of spectral surface reflectance data from one of these 

ecosystem components, especially agricultural crops (leaves and 

canopy) measured by hyperspectral imaging spectrometers or field spectrometers 

under specific conditions. They are designed by assembling spectral data of crop 

canopy or leaves. Such spectral libraries shall include long-term, reliable and 

cumulative observations taking into account specific agroecological conditions 

for a given period, including essential auxiliary data. Standard factors such as 

period and year, stage of growth, crop type (inter- and intra-species variability, 

including cultivars) and soil should be considered.  

The CSL is essential for the identification and classification of various 

types of agricultural crops (even at the cultivar level). They also help in stress 

specific (abiotic and biotic) assessment of crop conditions (healthy and Stressed) 

under different agro-ecosystems. Moreover, the crop spectral library supports 

studies such as quantitative modelling of remote sensing for the estimation of 

plant parameters (biophysical and biochemical) and agro-ecosystem 

monitoring. The CSL generated from in-situ measurements in the field also 

provides the possibility of integration with space-borne hyperspectral remote 

sensing data. This helps with automatic identification, discrimination, intra-

species variability, and spatial mapping of areas under specific crop types and 

cultivars. 

In the subsequent sections, we have shown some of the basic steps (manual 

exercise) for generating a crop spectral library using the proximal hyperspectral 

remote sensing approach. For this we used a ground Spectroradiometer (ASD 

makes the Handheld2 model runs in the wavelength range of 350-1100 nm).  
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TOPIC 1: COLLECTION OF ON-FIELD CROP SPECTRA USING 

HANDHELD2 SPECTRORADIOMETER 

 

Step1 – Let us go to rice crop field with 

Instrument case. 

 

Step2 – Unpack the carrying case of 

HANDHELD2. 

 

 

Step 3 – Take out the handheld2 (ASD 

Spectroradiometer) instrument from 

the case. 

 

Step 4 – Install the batteries by opening 

battery Polarity or attached the power 

supply. 
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Step 5 – Hold the handheld2 instrument 

using the hand strap and click on the 

power button. 

 

 

Step 6 - To access the Main Menu 

screen, press the MENU button. 

 

 

Step 7 - Navigation to the Integration 

Time Menu icon and press the SEL 

button. 

 

 

 

 

 

 

 

 

Step 8 – Set the Integration time. 

Note: optimization function 

automatically selects the integration 

time. However, the integration time can 

be set manually. In some instances, this 

may improve the signal-to-noise ratio. 
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Step 9 - Navigate the Spectrum Counts 

Menu Icon and press the SEL button. 

 

 

 

 

 

 

 

 

Step 10 – Keep the count to default 

value (e.g.10) 

 

 

 

 

 

 

 

 

 

Step 11 - Navigate to the File Save 

Menu icon and press the SEL button. 

 

 

 

 

 

 
 

 

Step 12 – To create a new base name, 

select Base Name from the File Save 

submenu icon. 
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Step 13 - Navigate to “<NEW>” and 

press SEL button. 
 

 

Step 14 – A filename may be up to 

eight characters long and it should not 

contain spaces. Press the up or down 

arrow buttons to change the characters. 
 

 

 

 

 

 

 

Step 15 - Press the right arrow button to move to the next character position 

and repeat steps 14 and 15 until complete. 
 

Step 16 - Press the SEL button to set 

the new name as the filename for the 

spectral files. 
 

 

 

 

 

 

 

 

 

Step 17 - Select newly created name 

(e.g. ABC) and navigate to the File 

Save Menu icon and press the SEL 

button. 
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Step 18 - Navigate to the Number to 

Save icon and press the SEL Button 

 

 

 

 

 

 

 

 

Step 19 – Set the value to 10 for better 

averaged spectral curve. 

 

 

 

 

 

 

 

 

 

Step 20 – After setting, press the SEL button, which will bring up the File 

Save submenu. 

 

Step 21 – Click on Exit button and the 

spectrum display mode will appear. 

 

 

 

 

 

 

 

 

 

 

Step 22 – Aim the HandHeld2at the 

White Reference Panel, Press the OPT 

button and Push trigger button to 

optimize. A clicking sound indicates 

that Optimization is done. Best time of 

reading: 11.0 am to 1.0 pm. 
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Step 23 - While the HandHeld 2 

instrument is viewing the white 

reference panel, press the DC/WR 

button. 

 

 

 

 

 

 

 

Step 24 - When prompted by the “Push 

trigger to collect white” message, 

point the HandHeld 2 at the white 

reference panel so that the field-of-

view is within the panel area and press 

the thumb trigger button 

 

 

 

 

[Note: Optimization should be updated when illumination changes 

significantly or when the instrument software gives a saturation alert. If the 

relative reflectance of the reference panel is greater than one, optimization is 

necessary] 

 

The “Performing Baseline” message 

indicates that the dark current and white 

reference is being measured and 

recorded. A clicking sound indicates 

that the internal shutter has closed to 

collect dark current. Another click 

indicates it is opening to collect the 

white reference measurement. Keep the 

HandHeld2 instrument steady and 

pointed at the white reference panel 

during the entire time that the 

“Performing Baseline” message is 

displayed. When processing is finished, 

the display will switch to reflectance. 

The White Reference Baseline 

spectrum on the display screen should 

be a straight line at a value of 1 across 

the wavelength range 
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Step 25 – Now, we are all set to collect 

crops spectra. Aim the HandHeld2 at 

nine inches to view a sample and ensure 

that it is close enough to fill the field-

of-view with the sample.  

The screen will now display a 

reflectance spectrum.  

[Note: While aiming at the sample, the 

spectrum is displayed, but not stored] 
 

 

Step 26 – While aiming at the sample, 

Press and Depress the red thumb button 

(to the right of the screen) to store a 

spectrum to the internal memory of the 

HandHeld2 instrument. The spectrum 

files are saved in.asd file format. (Right 

side- Sample spectrum).  

 

 

 

 

 

 

TOPIC2: IMPORTING COLLECTED SPECTRA DATA FILES FROM 

THE HANDHELD 2 INSTRUMENT TO COMPUTER USING HH2 SYNC 

APPLICATION SOFTWARE 

 

When performing operations with HH2 Sync, it is recommended that the 

instrument is plugged into an outlet and not running on battery power. 

 

Step 1 - Turn on the computer and connect the computer to the HandHeld 2 

with the USB cable. 

 

Step 2 - Turn on the HandHeld2. The 

Tethered Mode Display message will 

appear on the display. 
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Step 3 - Click on the HH2 Sync shortcut on 

the computer desktop. The HH2 Sync 

introductory screen will appear for a few 

seconds. After a few seconds, the Select 

Action screen will appear. 

 

 

 

 

 

 

 

Step 4 - Click on the Connect button to 

initiate communications with the 

HandHeld2 instrument. If the system is 

configured properly, a status window will 

appear for roughly 20 seconds while the 

connection is made. When the connection 

is made, the Connection Status will read 

“Connected”. 

 

 

 

 

Step 5 - Click on Import Spectrum Files 

from Instrument. 

 

 

 

 

 

 

 

 

 

 

 

 

Step 6 - When prompted, click on the 

Browse button to choose the folder where 

you want to import data files. 

[Note: Set the import checkboxes as 

desired] 
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Step 7 - Click on the Begin Import button. 

[Note: As the files are being imported, a 

screen will display the filenames and the 

total number of files that have been 

imported] 

 

 

Step 8 - When “Import Complete” message will appear then close the HH2 

Sync program or click the Disconnect button before shutting off the instrument 

or disconnecting the USB cable. 

 

 

TOPIC 3: OPEN AND EXPORT COPIED DATA FILES TO .DAT FILE 

USING VIEWSPEC PRO POST-PROCESSING SOFTWARE 

 

Now use ViewSpec Pro to view and post-process the imported spectrum files. 

Step 1 - Click on the ViewSpec Pro icon 

from the desktop. 

 

 

 

 

 

 

Step 2 – Select the input directory for the 

spectra files. The input directory is the 

location where your spectra data files 

reside.  

For the input files, use:  

• Setup->Input Directory... pull-down 

menu item.  

• Alt+S, I key combination 

 

Step 3 - Select the output directory 

For the output files, use:  

• Setup->Output Directory... pull-down 

menu item. 

• Alt+S, O key combination. 

 

 

Step 4 - Select File->Open on the main 

menu bar and then choose the files for 

post-processing. 
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The following dialog box will be 

displayed, automatically taking you to 

the directory selected in step 2. 

 

 
Step 5 - Select the file(s) from the list available in the directory.  

 

Step 6 - When you have selected the files you desire, click 'Open'.  

 

Step 7 – Select all files > Click on View 

> Click on Graph Data. 

 

The spectral curve graph will appear as 

shown in right side Fig- A 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Fig –A – Spectral curve 

Step 8 – Click on Export > Select 

Text/Data > Select File > Click on 

Browse to select the location for exported 

data file 
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Step 9 – Specify the filename and then 

click on Save. 

 

 

 

 

 

 

 

  

Step 10 – Click on Export 

 

 

 

 

 

 

 

  

Step 11 – Select the export option as per 

you required and then click on Export. 

 

 

 

 

 

 

 

  
Step 12 - To close files in ViewSpec Pro 

select File->Close on the main menu bar. 
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TOPIC 4: IMPORT .DAT FILES TO ORIGIN PRO ANALYSIS 

SOFTWARE. 

 

Step 1 – Arrange the exported spectral data into excel sheet. 

 

Step 2 – Run the Origin pro Application. 

 

 

Step 3 – Click on Data > Import from 

File > Excel 

 

 

 

 

 

 

 

 

 

Step 4 – Browse your excel file > Add 

Files > Click on OK. 

 

 

 

 

 

 

 

 

 

 

 

 

Step 5 – Click Ok 
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Step 6 – Data will be imported to the 

empty worksheet as below. 

 

 

 

 

 

 

 

 
 

 

 

TOPIC 5: PERFORM THE SAVITZKY–GOLAY SMOOTHING FILTER 

ON THE DATA USING ORIGIN PRO SOFTWARE 

 

Step 1 – Select Wavelengths 

and raw data variable of rice 

crop to smooth. 

 

 
Step 2 – Click on Analysis > 

Signal Processing > Smooth 

> Open Dialog. 
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Step 3 – Select Method as 

Savitzky-Golay and set other 

parameters as required > 

Click on Preview > Click on 

OK. 

 

 
Step 4 – The smoothed data 

will appear at the last column 

of the sheet. 

 

 
Step 5 – Repeat Step 2 & 3 if you have multiple independent variables. 

 

Step 6 – Copy the smoothed 

data into a new blank sheet. 

 

 



 

17 

 

 

 

Md. Zafar, B.U. Choudhury, and S. Hazarika  

Step 7 – Select all smoothed 

data > Click on line symbol. 

 

 
 

 

SPECTRAL CURVE GENERATED AS BELOW 

Raw Spectral Curve of rice crop at 

different condition 

GM Smoothed Spectral curve of rice 

crop at different condition  
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TOPIC 6: PERFORM CORRELATION COEFFICIENT BETWEEN 

CALCULATED N, P, K AND SPECTRAL VALUES AT EACH 

WAVELENGTH. 

Step 1 – Click on 

Stattistics > 

Descriptive 

Statistics > 

Correlation 

Coefficient. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Step 2 – Check 

Pearson box and 

click on OK. 
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Step 3 – Arrange 

the calculated 

correlation value 

with respective 

wavelengths. 

 

 

 

 

 

 

 

 

 

 

 

 

Step 4 – Select 

Data >Click on 

Line. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TOPIC 7: PERFORM MULTIVARIATE ANALYSIS LIKE PCA, MLR, 

PLS-LDA TO DEVELOP CLASSIFICATION MODEL USING ORIGIN 

PRO SOFTWARE 

PCA ANALYSIS: 

Large datasets are increasingly widespread in many disciplines. To interpret such 

datasets, methods are required to drastically reduce their dimensionality in an 

interpretable way, such that most of the information in the data is preserved. 
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Many techniques have been developed for this purpose, but principal 

component analysis (PCA) is one of the oldest and most widely used. Its idea is 

simple—reduces the dimensionality of a dataset, while preserving as much 

‘variability’ (i.e., statistical information) as possible. 

A. Eg. Spectral Library within same crop grown under different environments  

Rice Spectra taken at different conditions as below: 

 Ambient-CO2 Ambient Temp- (Controlled condition- CTGC) 

 Elevated-CO2 Elevated Temp- (Controlled condition- CTGC) 

 Rice at Field Condition- (Open field) 

*CTGC: Carbon dioxide and temperature gradient chamber used for climate change studies. 

  

CTGC Chamber: CO2 and temperature 

gradient chamber (CO2: 550 ppm, 

temperature: +3º C from ambient condition).  

Rice is grown under CTGC 

 

Spectral curve generated as below 

Raw Spectral Curve of rice crop at 

different condition 

GM Smoothed Spectral curve of rice 

crop at different condition 
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Steps to perform PCA in OriginPro: 

 

Step1- Make sure that you already have installed OriginPro software in your 

system. 

 

 
 

Step2- Once you will double click on the Origin icon, it will give you the 

screen as below. Let us double click on the blank workbook. 
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Step3- The new blank workbook window will appear as below: 

 
 

Step4- Copy and paste the data from excel or any other source to the empty 

workbook and click on Principal Component Analysis for Spectroscopy icon 

in the Apps Gallery window. 

 

Step5- In the dialog’s Input tab, select the (first) X column in Sheet1 

as Frequency/Wavelength. Select the other Y columns as Spectra Data. 

Set Long Name for Spectra Names and use Comments as Group Info. 
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Step6- In the Settings tab, choose the Covariance 

Matrix for Analyze option. 
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Step7- In the Plots tab, choose Sample 6 for the Reference 

Spectrum in Loading with Reference Spectrum Plot, and check the Loading 

Plot and Score Plot options. 

 
 

Step8- Click the OK button and a report sheet, a result sheet and a plot data 

sheet are created. 

RESULTS:- 

1. Looking at the Report Sheet, the Eigenvalues table shows that the first 

two principal components explained 100% of total variance. 

 

 

2. In the Loading with Reference Spectrum Plot (note that you can 

double-click on the plot to pop up the embedded graph), the first layer shows 

the Ambient CO2, Ambient Temperature sample’s spectrum; the second layer 

illustrates loading for the first component; and the third layer for the second 

component. The graph below shows that Wavelength 768, 913 and 
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1057 are important variables in PC1, while wavelength 709 have more 

influence in PC2.  

 

Fig 1 - Loading with Reference Spectrum Plot for Ambient CO2, Ambient temperature. 

3. The Loading Plot shows coefficients of each variable (Wavelength) in 

PC1 and PC2. You can use the Data Reader (Tool’s toolbar) in Origin to find 

variables of larger coefficients (important Wavelength) in PC1 and PC2. Note 

that the sign in loading of a principal component does not matter and can be 

multiplied by -1. 

 
Fig 1 – Loading Plot 
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4. The Score Plot illustrates scores of 3 rice samples in PC1 and PC2.  

 

 
                                     Fig 1- Score Plot 

5. Biplot 

 

 
 

Now that you know all that, reading a PCA biplot is a piece of cake. 
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PCA biplot = PCA score plot + loading plot 

You probably notice that a PCA biplot simply merge a usual PCA plot with a 

plot of loadings. The arrangement is like this: 

Bottom axis: PC1 score. 

Left axis: PC2 score. 

Top axis: loadings on PC1. 

Right axis: loadings on PC2. 

In other words, the left and bottom axes are of the PCA plot — use them to read 

PCA scores of the samples (dots). The top and right axes belong to the loading 

plot — use them to read how strongly each characteristic (vector) influence the 

principal components. 

 

6. EFFECTIVE WAVELENGTH SELECTION: The selection of the 

most relevant wavelengths has a wide variety of functions for discrimination 

purposes. The selection can avoid the curse of dimensionality, save the time 

for model development, and make the model more understandable. 

The PC1 accounted for 91.36% of the total spectral variation. Three 

wavelengths (768, 913 and 1057 nm) were selected from this component. The 

PC2 accounted for 8.63% of the total spectral variation. And only one 

wavelength (709 nm) was selected from loading 2. [From result’s point 2 fig -

1] 

Selected wavelength region – (700 – 850), Sensitive wavelength –   709, 768 

nm 

Selected wavelength region – (880 – 1072), Sensitive wavelength – 913, 1057 

nm 

7. LINEAR EQUATIONS  

 AMBIENT CO2, AMBIENT TEMPERATURE. 

wavelength region (700 – 850) 

y = 0.0035x - 2.0165 

R² = 0.8194 

With constant = 0 

y = 0.0009x 

R² = 0.9618 

Wavelength Region (880 – 1072) 

y = 0.0008x + 0.1166 

R² = 0.8486 

with constant = 0 

y = 0.001x 

R² = 0.9995 
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 ELEVATED CO2, ELEVATED TEMPERATURE  

Wavelength region (700 – 850) 

y = 0.0018x - 0.8109 

R² = 0.7655 

With constant = 0 

y = 0.0007x 

R² = 0.9883 

Wavelength Region (880 – 1072) 

y = 0.0003x + 0.4164 

R² = 0.7392 

With Constant = 0 

y = 0.0007x 

R² = 0.9987 

 RICE AT FIELD CONDITION  

Wavelength region (700 – 850) 

 y = 0.0041x - 2.5067 

R² = 0.6877 

With constant = 0 

y = 0.0009x 

R² = 0.9274 

Wavelength Region (880 – 1072) 

y = 5E-05x + 0.74 

R² = 0.0166 

With constant = 0 

y = 0.0008x 

R² = 0.9963 

 

Conclusion: A transmission spectrum system in the visible/near infrared 

(Vis/NIR) region of 700–850 nm & 880--1072 was developed to classify Rice 

at different conditions (Ambient and elevated). Principal component analysis 

(PCA) was used to select sensitive wavelengths and linear regression equation 

was used to develop classification models. Four optimal wavelengths (709, 768, 

913, 1057 nm) were identified from the full wavelength region (350-1100 nm) 

transmittance. These conclusions might be helpful to design real-time and 

portable systems for condition (healthy vs. poor) assessment and segregating 

rice crop from other field crops. 
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Similarly, we can generate the crop spectral signature for preparation of 

spectral library for other crops and perform pre-processing, correlation 

coefficient, multivariate analysis and various regression techniques to 

develop a predictive model.  

Examples as shown below: 

 

 

 

 

Turmeric Potato Tomato Radish 

Raw Spectral Curves GM Smoothed Spectral Curves 
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