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CROPS SPECTRAL LIBRARY AND ITSUTILITY:

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

Stepl - Let us go to rice crop field with
Instrument case.

Step2 — Unpack the carrying case of
HANDHELD?2.

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.

Laser

iandHeld

Step 17 - Select newly created name JEENsh
(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 [unber to Save
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 L5 LT

CrE I i e = B )

HandHeld2 instrument steady and [ ] [oewr]  [owane] [ e ]
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 g
appear on the display. ‘ ASDME

Tethered Mode
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Step 3 - Click on the HH2 SynC shortcut on q HH2 Sync Select Action screen F
the computer desktop. The HH2 Sync Select Acton:

introductory screen will appear for a few 1 _[a

seconds. After a few seconds, the Select

Action screen will appear.

Import Spetsum Files fom insyrurers

Manage Presets sod Base Flerames

| — Expott Caltraton Fies 10 Insrument

Step 4 - Click on the Connect button to "= ' MR
initiate  communications  with  the Setect Action:
HandHeld2 instrument. If the system is __[a e
configured properly, a status window will
appear for roughly 20 seconds while the 2e | .
connection is made. When the connection gy | T
iIs made, the Connection Status will read
“Connected”. B" FeertHm e —
o | I
Step 5 - Click on Import Spectrum Files M= akile
from Instrument. el

“':. | Import Spectumn Fles from Insyument

N

Manage Presets and Base Flenames

| — Export Calbration Files o Instument

Connection Status  Connecled

| | s |
Step 6 - When prompted, click on the i
Browse button to choose the folder where =~ = | %
you want to import data files. A
[Note: Set the import checkboxes as bt et o ot

desired] B g
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Step 7 - Click on the Begin Import button. EEEm——— iy

[Note: As the files are being imported, a s | :F
screen will display the filenames and the F ottt e

total number of files that have been oo AN
imported] Bagh g

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.

ViewSrecPro

Step 2 — Select the input directory for the
spectra files. The input directory is the
location where your spectra data files

ViewSpec Pro  Version 5.6
Fie Process View BEOWE Hep
Tnput Directory - ¢:1QCdata

; Qutput Direchory - ¢|QCdata
reside. CACIABNITSTZ o et N
. . _ CAQCaaE 1512100000 sd
For the input files, use: CAQCaNE 512100001 asd

AN Aaba\NE TR 100N 20d

» Setup->Input Directory... pull-down
menu item.
* Alt+S, I key combination

Step 3 - Select the output directory ViewSpec Pro. Version 5.6

For the output files, use: Fie Process Ve |ERIY Heb

« Setup->Output Directory... pull-down e
: CNICAARMITSNZN iy A0

menu item. o CAQCAANE 21000002

« Alt+S, O key combination. ARG ALANE BT oo

Step 4 = Select File'>open on the maln ViewSpec Pra  Version 5.6

menu bar and then choose the files for & Setup Hep
post-processing. -
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[ Goo010.asd

s Local Disk (G) -
| | GODO11.asd
v o<

The following dialog box will be [*= | -
i 1 H “ v L« Data > 20201202 13.. v o Search 20201202_133507
displayed, automatically taking you t0 @ cow e —
the directory selected in step 2. e
[ Desktop |_] 600001 .asd n
[2] Documents | ] Goooo2.asd 7
oo E
sre- || Do ’
{8 videos [ Gonoo7.asd N
iy Local Disk (C:) || 600008 asd A
- Local Disk (F:) | | 600009 asd A

e

File name: | "G0DD08.asd" "GO000D.asd" "GOOOC ~ | | All Files (%%

<

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'.

M ViewSpec Pro Version 6.2 - [m] x
View Setup Help
Graph Data
Header Info

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

3M2/2021 33215PM | & InputPath: F\Data 20ec2hz0201202 1335070 4 Output Path: Y

3% ViewSpec Pro Graph — [m] x

Format  Print  Export Title SubTitle
Spectral Data

/""“"Mwméiﬂ

BE3E5EEERBRERS

a
w
o

0.0000

Fig —A — Spectral curve
Step 8 — Click on Export > Select — & seres - o

Format  Print  Expert Title SubTitle

Text/Data > Select File > Click on I N e T —

Browse to select the location for exported 2 .
data file Exporting Spectral Data X

Export
OEMF OwWME - OBMP (OQJPG (DPNG (®) Test / Data

7 Export Destination
7 (O ClipBoard

@ File Browse [

]

Cancel
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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.

o Save As

Savein: | || Raddsh

<l @d e E-

* Name
[ raddich.dat

Quick access

Desktop

Libraries

2
¢

Network

Date modified
2/18/2021 1:35 PM

Type
DATF

File name: Test

Save as type:

ata Files (" dat:" bt} v

Exporting Spectral Data

Export

OEMF - OWMF OBMP

Export Destination
() ClipBoard
(®) File

Printer

Browse

Ouwa  OPNG (®) Text / Data

F:\Data since Sept20204Sir House _06_02_21"Raddish"

Export..
Carfeel
Export.. Spectral Data x
Select Subsets and Paints Export What
@ AlData O Data
) Selected Data (@ Data and Labels
Subsets to Export: Data to Expart
X Axis Valae, ¥ Axis Value
A
Export Style
() List ®) Table
v Delimited Row vs Column

Paints to Export: Tab () Subssts/Points

% 4 Comma (®) Points/Subsets

3

4

5 Numeric Precision

8 (®) Cument Precision Ec

8 () Maximum Precision cel

9 v
A ViewSpecPro Version 6.2 - O X

File Process View Setup Help
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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

it
3
E

view | Data | Plot Column orksheet Farmat Analysis Statistics Image Toc

Import From File
42 Connect to File
Connect to Web...
] Bog From Database

Clone Impart...

Re-Import Directly

5
Wt ed

Re-Import...

3 impMDF: <Last used>

1impMSExcel: <Last used>
2 imppClamp: <Last used=>

4 impFamos: <last used>

» Import Wizard... Ctri=3
3 Single ASCI...

Multiple ASCIL.,
13

Comma Delimited (C5V)...
I Excel (XLS, XLSX, XLSM]... I

Ctri=4
' Image to Matrix...

Therma (SPC, CGM]...
DCLAMP (ABF, DAT,ABT)...
Princeton Instruments (SPE)...

sound [(WAV)...

o|w|o|~|m

]

iE
[T\ Sheet1 / —| 1I TDM (TDM, TDMS]...

NetCDF [NC)...
CDF (CDF)...
HDFS [(H5, HES, HDFS)...

NI DlAdem (DAT)...

Famos [DAT, RAW...

@ Excel

Lookin: | | | Datfile

Y] @@ o m-

* Mame
33 combined

Quick access

[l
Desktop

Libraries

9

Date modified Type
2/10/2021 1:47 PM Micre

Show Options Dialog:

File name: ~ I Add File(s) II oK I

Files of type: Excel Workbook(*xlsx; *xlsn ~ | | Remove File(s) Cancel

File Name Size Modified
combined.xlsx 365KE 02710721 13:47
< >
Excel (XLS, XLSX, XLSM): impMSExcel ? X
Dialog Theme »
Import Excel iles
Results Log Qutput F

File Name
File Info
& Import Options
1st File Import Mode
Multi-File (except 1st) Import Mode
Template Name
Column Designations
Add Sparklines

Import Cell Farmats

Exclude Empty Sheets
Apply Header to All Sheets
Rename Sheets and Books
Header Lines

Partial Import

Saripts

Output

Maximum Number of Empty Columns (1foran [0 |

F\Data since Sept202005ir House _06_02_21\Methi\Dat fil¢

Replace Existing Data ~

Start New Books ~

[ <defautt- | [
No v

(]

O

o
-

|\ [Book1]Sheet1 \

I 0K I Cancel
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Step 6 — Data will be imported to the

empty worksheet as below.

% combined] - combined.xlsx * EI@
AR B(Y) cory =la g} | ~
Long Name
Units
Comments
Fix)=
1 325 0.05 0.044 0.049
2 326 0.051 0.042 0.05
3 327 0.043 0.039 0.045
4 328 0.041 0.04 0.041
5 329 0.044 0.045 0.041
6 330 0.043 0.048 0.043
7 331 0.042 0.048 0.044
8 33z 0.042 0.043 0.042
9 333 0.043 0.042 0.04
10 334 0.043 0.045 0.04
11 335 0.044 0.046 0.048
12 336 0.039 0.042 0.046
13 337 0.032 0.034 0.035
14 338 0.034 0.034 0.036
15 339 0.035 0.034 0.037 W
L« [+ \Sheet1 {56 7 il >~

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.

caERS BHE B w0

combined - combined.xlsx *

Long Name

f=fe ==

v | Fm | A
0.042 0.039
0.043 0.039
0.04 0.039
0.042 0.039
0.046 0.038
0.042 0.041
0.038 0.043
0.042 0.041
0.041 0.038
0.037 0.037
0.037 0.04
0.036 0.038
0.032 0.031
0.033 0.031
0.033 0.031
0.029 0.025

0.031 0027 2

| < >

View Data Plot Column Worksheet Fgrmat' Analysis Ijtat\st\:s Image Tools Preferences Connectivity Window Help

‘BEE FsEEHR £ -

£ combined - combine

‘Mathematics
Data Manipulation
Fitting

Signal Processing

Peaks and Baseline

1 5mooth: <Last useds...
25mooth: «<default>..,

3 Linear Fit: <Last used>...
4 Linear Fit: «<default>...

5 Multiple Linear Regression: < def:

§ Multiple Linear Regression: <Last used>..

1 Nonlingar Curve Fit: <Last used>

8 Nonlinear Curve Fit: <default>...

9 Fit Linear with X Error: < default>...

Nl T TP TR
KEEM-A-L B Lob

»
»
b
b
»

ault>...

004 0041 0038

004 0037 0.037
0048 0037 0.04
0.045 0.036 0.038
0.035 0.032 0.031
0.038 0.033 0.031
0.037 0.033 0.031
0032 0029 0.025
0.035 0031 0027
<

Smooth
FFT Filters..
IR Filter..
STFT..

FFT
Wavelet

Conyolution...

Coherence..

Correlation
Hilbert Transform..
Envelope...

Decimation...

b

1 <lastuseds

Igpsn Dizlog... I

|
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Step 3 — Select Method as R B

Savitzky-Golay and set Other | B
parameters as required > o - 3
Click on Preview > Click on  [om: [ A B

OK. el r— .

Boundary Condition | None v

Polynomial Order

Output |\ (<input>,<new>) %

200 400 B0 800 1000 1200
[ Auto Preview Preview I oK I Cancel 3 A

Step 4 — The smoothed data || ]
will appear at the last column _| 4B | Acon spco@ -
Smoothed
of the sheet.
20 pts SG
smooth of
B
F 0043 0026 004828
3 0.0325 0026 0.04671
3 0026 0.0z27F 0.04525
i 0. 0dq 0.0z8 0.0439
| 0.0432 0O.04 0.04266
¥ 0028 0. 041 004152
3 0036 0. 041 0. 04051
] 0038 O.0=7F 0032961
1 0. 042 0.0Z24 002881
L 0038 0.0z25 003812
r 0033 0.0=3 0037 TE
L 0.0z29 0,029 002784
L 0.03 0.0z=2 003721
] 0.03 0.0=2 003648
i 0.028 0024 0.03261
3 O.0z29 0.0Z26 0.0256
|5 0031 0031 003503 B
>|[
Step 5 — Repeat Step 2 & 3 if you have multiple independent variables.
Step 6 — Copy the SmOOthEd EH] combined - combined.xlsx * EI@
data into a new blank sheet. a0 | B | em [ om [~
Long Mame
Units
Comments
Flxl=
1 325 0.04731 0.04551 0.04675
2 326 0.04643 0.04487 0.04607
3 327 0.04558 0.04424 0.04541
4 328 0.04475 0.04362 0.04477
5 329 0.04395 0.04302 0.04414
5] 330 0.04317 0.04243 0.04353
T 331 0.04242 0.04186 0.04294
a 332 0.04169 0.0413 0.04236
] 333 0.04089 0.04075 0.0418
10 334 0.04032 0.04022 0.04126
11 3358 0.03967 0.0387 0.04074
12 336 0.03904 0.0382 0.04023
13 337 0.03844 0.03871 0.03974
14 338 0.03787 0.03824 0.03926
15 339 0.03732 003777 0.03881 B
AL 240 T s 1=t ] s i e P 1 —
[ r [} Sheetl @ < >
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Step 7 — Select all smoothed

data > Click on line symbol.

Raw Spectral Curve of rice crop at GM Smoothed Spectral curve of rice

(EY
EE
iR

B g ge) = )% el £

-

Long Name

4 [+ Sheet] ASG

combined - combined xlsx *

o [@=

=

et &

SPECTRAL CURVE GENERATED AS BELOW

different condition

1.04

0.8+

0.6

0.4+

Reflectance

0.2

71 |——Rice at Field Condition

—— Ambient CO2, Ambient Temp
Elevated CO2, Elevated Temp| /

00—

-0.2

crop at di

1.0

fferent condition

o
®

Ambient-C02, Ambient Temp
Elevatod-CO2 Elevated Temp | |
Rice at Field Condition |

Reflectance

o
'S

0.2

0.0

T T T T T T
400 500 600 700 800 900

Wavelength/nm

300

400 500 600 700 800
Wavelength /nm
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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.

@ OriginPro 2016 6d-bit - C:\Users\zafar\ Docurnents\ OriginL ab\2016\User Files\UNTITLED * - /Folder!/

File Edit View Pot Column Worksheet Analysis | Statistics | Image Tools Format Window Help
Y 3 Descriptive Statistics Bl Statistics on Columns..,
:::::::: B@HE%
§ By -S; T Dfauk il v 9 ‘BRI Hypothesis Testing Statistics on Rows
}
7 A0 Cross Tabulgtion. .
% ﬂBooH* Nonparametric Tests r
% @\ Suival Analyis b Discrete Frequendy..
3 Q\ 0 il o Multivariate Analysis p| |
] LongName | P(kgha) 350 1 0 CoutsBinn
% '*' Units Power and Sample Size b AT I
z Comments .
. i - ROC Curve.. Distribution Fit..
: | m o o L
o | ™ 2] T2 oodm g EEETVTEOEE e
0 { 3 68 012546 010223 00983 01497 0.115
ﬁ_— 4 621 010883 009902 009474 00938 0089 Partial Correlation Coefficient..
% [ 5 665 014820 015077 0136839 014977 0198
T f g2 021062 021089 018791 019941 0213 Grubbs Test..
P 1 780 010827 01678 010002 009208 0091 Dixon's Qitest.
L /‘ 8 72120 012177 010828 010601 010055 0.094b |
Reszsults Log Dutput :I °
Recalculate tanual e
Input ||[Book1]5heet1 |
E Correlation Types
Spearman [}
Kendall (|
Plots
Exclude Missing Yalues (®) Painmise
() Listwize
E Output
Plat Data |<u:||:|tiu:|nal> »
Plots |<0pti0nal> »
Reszult Table ||[<input>]<new> |=|'; »
Pearzon Sheet ||[<input>]<new> |=|; [ 3
Spearman Sheet |<0pti0nal> »
F.endall 5heet |<0ptional> »
Show Significance in Result Table -
| ok J| cancel
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-

3 Book2 * E=H SR
Step 3 — Arrange 200 - ) o) =
the calculated : : . .
. Long Mame | Wavelengt | Ambient-C  Elevated-C Rice at Fiel
correlation value Units
with respective Comments
Fix)=
Wavelengths' 1 356 0.94414 0.94994 0.89723
2 375 0.94507 0.94768 (.89657
3 417 0.94598 0.94051 089312
4 450 0.9454 0.83372 (.88819
5 457 0.94501 0.931485 0.88672
i} 462 0.94467 0.9306 0.88556
T 485 0.94222 0.9233 0.87888
3 495 0.940649 0.91855 0.87523
9 505 0.93893 0.91552 087113
10 538 0.933149 0.90246 0.85681
11 h45 0.83203 0.89991 (.85366
12 550 0.93114 0.89805 0.85125 W
40 EOT NO40504 NoFE4AT Nnodn7E —
4[> ]\ Sheet1 / || < >|r
Step 4 — Select STE =
Data >Click on sy | cv | om A
Line. B =] Graph1* ERERTT
Comm 1 —— AmbientCOZ, Ambient - Temp

—— Elevated L 02, E levated - Temp|
— Rice at Figld Condition
0

=

06

04

Comelation Coeficient

024

02 ————————————T——
00 40 50 600 70D 80 500 100 100

Wavelength

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.Eq. 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: COz and temperature Rice is grown under CTGC
gradient chamber (CO2: 550 ppm,
temperature: +3° C from ambient condition).

Spectral curve generated as below
Raw Spectral Curve of rice crop at GM Smoothed Spectral curve of rice
different condition crop at different condition

1.0 1
1.0

0.8 4 ambient CO2, Ambient Temp

—— Elevated CO2, Elevated Temp|
7 —— Rice at Field Condition

0.6+

o
b

o
-]

—— Ambient-CO2, Ambient Temp
|—— Elevated-CO2 Elevated Temp
— Rice at Field Condition

o
o

0.4+ N
Iy

Reflectance
4
|
Reflectance

[=]
-~

0.2

1

i

J

— /
/AN
I .;:::::7_/ \\Ik Vi

(=4
N

0.0

=4
(=}

-0.2

T T T T T T T T
400 500 600 700 800 800 1000 1100

300 400 500 600 700 800 900 1000 1100
Wavelength/nm

Wavelength
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Steps to perform PCA in OriginPro:

Stepl- Make sure that you already have installed OriginPro software in your
system.

P D FRy | Apps Documents  Web More « a

Best match

&3
/Oal'iqin 2019b 64Bit

i ¢ Origin 2019b Sample Data > App
% Repair or Uninstall Origin 2019b >
WEE T = open
L origin - See web results > ~
J £ origin download > Recent
e £ original > Far o)
,O origin login > Rice_Group1_PCA_Normal
Rice_Group1
== _© origin download for windows 10 >
- Rice_Group3
p SR S Rice_Group2
% £ origin web > —
‘9 £ origin meaning in telugu >

Folders (5+)

= |/Oorigin|2019b648it IO H @ +w B = 3 b

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.

@ OriginPro 2019b 64-bit - UNTITLED - X

i File View Tools Prefersnces Connectivity Window Help

3 = A ARBEFe AL HBLN s dikh TRELM xyZ i ke HiDYBEEG ]
CPBEN M Al WRE M XY Z hew (64N
dlta o 5 % S G U < aB A S S ALiB @ gk | R % T

Construct Worksheet

(1) Jalomdx3 108l01d

Add Apps

fio safiessap

Graph Maker

i

Principal
Componen...

]

Send Graphs
to PowerP..

A0

Send Graphs
to Word

EEEEIESTT

607 JUlH Dews

E v W N

Loan Calculator

2 2 0o

)

F gl & fie

Sequential Fit

=

[ set as Default Template Show on startup and new project | OK | | Close

Simple Fit

t\

Stats Advisor

= T T =

B E BB LB
@« Start menu (F1)
116 PM

S8 P Typehere tosearch o o e " i ﬁ u ke “' (2 ~O B % % ‘
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Step3- The new blank workbook window will appear as below:

@o riginPro 2019b 64-bit - UNTITLED - X

Long Name:
Units
Comments
Flo=

(1) Jauodx3 10afo.

fo7safessam

1

! v
L \Sheets /|« =

[c o ol e

607 1UIH Vews

({3

Sal @l EY M

@ TR e | e
P - - 118 PM
B O Type here to search O H @ = B 0 & @ & I neapw N g

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.

J 1 ‘ BA
e
g [R]
o A AX) B(Y) o) D(Y) "
% 9\ Long Name | Wavelengt Ambient-C Elevated-C Rice at Fiel
ERE S Units
-
b 325 001987 001867  0.01628
= |ig 326 0.0197. 183 1567
2 . 327 191 1806 0.01507
g | 328 9 777 1449
8| 320 001932 74 1382
CT 330 1918 721 001336
2 331 1904 693 0.01282
=) 332 001889 667 1229
A 333 1875 641 1177
o . 0 334 001861 001615 001126
E 1 335 001845 001581 001077
=L 12 336 00183 001567 001029 g,
Bl 13 337 001815 001544 000982 Zul
e [ 338 0018 001521 000936 Add Apps  Graph Maker
Y 15 330 001785 001489 000892
2 - 16 340 001760 001477 000840
af 7 341 001753 001456  0.00807 2
8 342 001737 001436 000767 2 o =
9 19 343 001721 001416 000727 ncipal 5";,“5'5;'“
B 20 344 001705 001397  0.00680 ponen... to Powerl
21 345 001588 001379 000853
2 346 001572 001347 000580 .EE'
Z 347] 0.01655| 001334| 000542 S:nd Graphs Sequential Fit
24 348 001538 001311 000516
25 340 001521 001281 000478
2 350, 001604 001264 000423 i! \
27 351 001605 001244 000384
28 352 001604 001235 000365 Simple Fit  Stats Advisor
29 353 00159 001225 000344
30 354 001554 001218 000331
31 355 0015 001216 000327
32 3561 001463 001188 0.0027

Step5 In the dialog’s Input tab, select the (first) X column in Sheetl
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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Apps: pca_spec !
Dialog Theme .| ast ysed> * ﬂ

Perform Principal Component Analysis for Spectroscopy.

x

Recalculate Manual v

Input  Settings Cuantities to Compute  Plots  Output

Spectra Data zet]!2, [Book1]5heet1!3, [Book]]Sheet1!4)

II-Fu
-

Frequency/Wavelength |[Eun-H]Sheeﬂ!A"Wavelength" = | p

e s

QK Cancel

Step6- In the Settings tab, choose the Covariance
Matrix for Analyze option.

Apps: pca_spec

Dialog Theme | a5t yseds *

Perform Principal Component Analysis for Spectroscopy.

Recalculate Manual "t

Input  Settings Quantities to Compute Plots Output

I:::I Correlation Matrix
IE':I Covariance Matrix

Mumber of Components to Extract | 2

Standardize Scores

Cancel
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Step7- In the Plotstab, choose Sample 6 for the Reference
Spectrum in Loading with Reference Spectrum Plot, and check the Loading
Plot and Score Plot options.

Apps: pca_spec I4 >

Dialog Theme | «| a5t useds> = [ |
Perform Principal Component Analysis for Spectroscopy.

Recalculate Manual -

Input  Settings Quantities to Compute Plots Cutput

Scree Plot
EH Component Plot

Mumber of Components to Plot 2 e

Select Components to Plot

1st Component | 1 |

2nd Component | 2 |

Loading with Reference Spectrum Plot

Show
—
Reference Spectrum Ambient-CO2 e I

Loading Plot

4]

Score Plot
Biplot 1
Settings for Score Plot and Biplot
Show Confidence Ellipse
Only Label Outliers
Cancel

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.

Principal Component Mumber | Eigenvalue = Percentage of Variance (%)  Cumulative (%)
1 6.97592 91.36111 91.36111
2 0.65963 B.638849 100
3 1.2506E-30 1.63787TE-29 100

Type: Covariance

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

Md. Zafar, B.U. Choudhury, and S. Hazarika 24



1057 are important variables in PC1, while wavelength 709 have more

influence in PC2.
200

200 400 600 709 76 913 1000 1057 1200

0.088

§0.04S

Q 0.000
o

-0.048

=
=)
ke

Ambient-CO2
8

200 400 500 200 1000 1200
Wavelength

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.

=)
=]
=]

| - Loadings
0.10
i -

0.05 i ‘\
g .." Kﬁ
© .
© "
¢y 0.00 k :
a

-0.05

-0.02 0.00 0.02 0.04 0.06 0.08

PC1 (91.4%)
Fig 1 — Loading Plot
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4. The Score Plot illustrates scores of 3 rice samples in PC1 and PC2.

+ Scores

20 —— 95% Confidence Ellipse|

30 \

20
— 10
o~
o
@’ 0 ondaiton
(e}
@)
a -10

-20

-30

-40

-40 -30 -20 -10 0 10 20 30 40
PC1 (91.4%)
Fig 1- Score Plot
5. Biplot
56 PC1 (91.4%) o Contemce ERp
008 006 -004 -002 000 002 004 006 008

40 0.10

30

20 0.05
—~ 10 —_
2 2
© ©
S 0.00 &
N o
Q O
ad -10 a

-20 -0.05

-30

-40 -0.10

40 30 20 -10 0 10 20 30 40
PC1(91.4%)

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: PCL1 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
R?=0.8194

With constant =0

y = 0.0009x
R?=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=10.7655

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
R? =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

Raw Spectral Curves

Potato

Tomato

Radish

GM Smoothed Spectral Curves

1.0 4

1.04
f‘“ﬁ“‘ R /ﬁ‘ T —
" ‘ )
0.8 M 0.8+ / N
| o | I
- A i R P
| oo "V\J\}‘h " vd’% | f = 7“*%/
@ 4 i ‘/ ‘”W\'ﬂ'\fi‘:«a“ml.‘ﬂ\! L 064 o \,HZ:
o 08 i il 3 I
& i G f/ |
5 5 i
8 ; % i f Turmeric
?—, 0.4 —— Turmeric| o 044 J{ | Potato
r Potato [1d | ”I 77 . .
—— Tomato /\ /I i oma_ (]
—— Raddish 0 ey \]’ /}‘{ Raddish
£ ] [ b
0.2 // Y
,; A \\ /‘ /
LN
0.0
0.0+
T T T T T T T T T T T T T T T T
300 400 500 600 700 800 900 1000 1100

T T T T T T T T T T T T T T T T T
300 400 500 600 700 800 900 1000 1100
Wavelength/nm

Wavelength/nm
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