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= Columns: The number of columns in the image

= Rows: The number of rows in the image

= Bands: The number of bands in the image

= [nterleave: The data interleave (BSQ, BIL, or BIP)

= Data Type: The IDL data type of the image:

= Byte: 8-bit unsigned integer

= Long Integer: 32-bit signed integer

= Float: 32-bit single-precision

= Double: 64-bit double-precision floating-point

= Complex: Real-imaginary pair of single-precision floating-point

= Double-precision Complex: Real-imaginary pair of double precision floating-point

= Unsigned Integer (default): 16-bit

= Unsigned Long Integer: 32-bit

= 64-bit Long Integer

= 64-bit Unsigned Long Integer

= File Type: The file format of the image

= Header Offset: The number of bytes of embedded header information present in the file. ENVI skips
these bytes when reading the file.

Module Hyperspectral of PlantCV iZHHyperspectral Image
SXEAREEE —ETENER:

= BMP File: ¥ E1EHEAIRGBE 12
= HDR File: ENVI Header File, i #ENVIS B AR
= RAW File : EBREXERE
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EEIBMP File
‘ S5E/HDR File

FHETRAW File
BHEEENVI HeaderiRZE

BERAW FileFy 25827 Spectral_datats =,

HDR File Content

ENVI

samples = 1392
lines = 1541
bands = 256

header offset = 0

file type = ENVI Standard

data type = 12

interleave = bil

sensor type = Unknown

wavelength units = om

binning = {1,1}

wavelength = {381.50,383.70,386.00,388.30,390.50,392.80,395.10,397.30,399.60,401.90,404.10,406.40,408,70,411.00,413.30,415.50,417.80,420.10,
422.40,424.70,427.00,429.30,431.60,433.90,436.20,438.50,440.80,443.10,445.40,447.70,450.00,452., 30,454, 60,456.90,459. 30,461 .60, 463. 90,466 20,
46%.50,470.90,473.20,475.50,477.90,480.20,482.50,484.90,487.20,489.50,491.90,494.20,496.60,498, 90,501 . 30, 503,60, 506. 00, 508. 30, 510.70,513.00,
515.40,517.80,520.10,522.50,524.90,527.20,529.60,532.00,534.30,536.70,539.10,341. 50, 543,90, 546,20, 548,60, 551 .00, 553. 40, 555. 80, 558. 20, 560. 60,
563.00,565.40,567.80,570.20,572.60,575.00,577.40,579.80,582.20,584.60,537.00,589.40,591.80,594.30,596.70,599. 10,601 . 50,604.00,606.40,608 . 80,
611.20,613.70,616.10,618.50,621.00,623.40,625.90,628.30,630.80,633.20,635.60,638.10,640.60,643.00,645.50,647.90,650.40,652.80,655.30,657 .80,
660.20,662.70,665.20,667.60,670.10,672.60,675.10,677.50,680.00,682.50,685.00,687.50,660.00,492.50,694.90,697.40,699.90,702.40,704.90,707 .40,
708.80,712.40,714.5%0,717.40,720.00,722.50,725.00,727.50,730.00,732.50,735.00,737.60,740.10,742.60,745.10,747.70,750.20,752.70,755.30,757 .80,
760.30,762.90,765.40,768.00,770.50,773.10,775.60,778.20,780.70,783.30,785.80, 788.40,790.%0,793.50,796.10, 798. 60,801 . 20,803.80,806.30,808. 50,
811.50,814.00,816.60,819.20,821.80,824.40,826.90,829.50,832.10,834.70,837.30,839.90,842.50,845.10,847.70,850.30,852.90,855.50,858.10,860. 70,
863.30,865.90,868.50,871.10,873.80,876.40,879.00,881 .60,884.20,886.90,389.50,892.10,894.70,897.40,%00.00,902.60,905.30,907.50,910.60,913.20,
915.80,918.50,921.10,923.80,926.40,929.10,931.70,934.40,937.10,939.70,942.40,945.00,947.70,950.40,953.00,955.70,958. 40,961 . 10,963.70,966. 40,
969.10,971.80,974.50,977.20,979.80,932.50,985.20,987.90,990.60,993,30,996,00,998.70,100L . 40,1004, 10,1006.80,1009.50,1012.20,1014.90}

interleavel& ™, A BIP

See an example of a BIP file

Band sequential format stores information for the imagefslyl=}sElyls IEIaER 1 X9 (W) gt o Ty s EY =1 fo] =1 R { g T s (= - fe T o T o o

is stored first, then data for all pixels for band 2. and so on.
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Raw File To S :E (&

raw_data = np.fromfile('newrawfile20191207155328.raw', dtype=np.uintl6, -1)

array_data = raw_data.reshape(int(header_dict["lines"]),
int(header_dict["bands"]),
int(header_dict["samples"])).transpose((0, 2, 1))

spectral_array = Spectral_data(array_data=array_data,
max_wavelength=float(str(header_dict["wavelength"]

[-1]).rstrip()),
min_wavelength=float(str(header_dict["wavelength"]

[0]).rstrip()),

d_type=header_dict["data type"],

wavelength_dict=wavelength_dict,
samples=int(header_dict["samples"]),

lines=int(header_dict["lines"]),
interleave=header_dict["interleave"],

wavelength_units=header_dict["wavelength units"],
array_type="datacube",

pseudo_rgb=None, filename=filename,
default_bands=default_bands)

# Make pseudo-rgb image and replace it inside the class instance object
pseudo_rgb = _make_pseudo_rgb(spectral_array)

spectral_array &RPlantCVHXREHEFIZIEIE

Pseudo = YL =2
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{381.5: 0.0, 383.7: 1.0, 386.0: 2.0, 388.3: 3.0, 390.3: 4.0, 392.8: 5.0, 395.1: 6.0, 397.3: 7.0, 399.6: 8.0, 401.9: 9.0, 404.1: 10.0, 406.4:
11.0, 408.7: 12.0, 411.0: 13.0, 413.3: 14.0, 415.5: 15.0, 417.8: 16.0, 420.1: 17.0, 422.4: 18.0, 424.7: 19.0, 427.0: 20.0, 429.3: 21.0, 431.
6: 22.0, 433.9:

56.9: 33.0, 459.

0, 482.5: 44.0,

54.0, 508.3: 55.

0: 65.0, 534.3:

58.2: 76.0, 560,

0, 334.6: 87.0,

97.0, 611.2: 98.
635.6:
660.2:
685.0:
709.9:
735.0:
760.3:
785.8:
811.5:
837.3:
863.3:
889.5:
015.8:
942.4:
969.1:
996.0:

7
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108.
118.
123.
138.
143.
158.
168,
173.
188,
193.
208.
218.
228.
233.
248,

587.0:
613.
638.1:

662
637

712.4:

737

762.9:

738
814
839

865.9:
892,

218

945.
971,

998
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108.
o 119,
o 129,
139.
o 149,
159.
o 169,
o 179,
o 189,
199,
o 208,
0 219,
o 229
0 239,
o 249,

640.6:
665.2:

690

714.9:

740

T65.
750,
816.

342

B6B.
394,

921

947.
974.5:
1001.4: 250.0, 100

. 210.0, 897,
0 220.0, 923
: 230.0, 950.
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150.0, 742
160.0, 768.
170.0, 793.
180.0, 319
190.0, 843
200.0, 871

240.0, 977

o N e R VA =N

111.
121.
151.

645.5:
670.1:
694,
T20.

745

T70.
T96.
321.

347

873,
900.
926.
953.0:
D242,
(81 252

979

.1: 251.0, 10

[ O e e B e T M e = =

=]

112.
122,
132.

982.5:
0, 1009.5:

g
]
4
5
7
1
:
a:
3
4
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: 113
: 123
: 133

243,
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650.4:
675.1:
699.9:
725.0:
750.2:
775.6:
801.2:
826.9:
852.9:
379.0:
905.3:
031.7:
958.4:
985.2:
3.0, 1012.2: 254.0,

114.
124,
134.

244,

£52.8:
877.5:
T02.4:
727.5:

752

TIR.

803
829

B35.
831.

207
934

961.1:
087,

e NP T

115.0,
125.0,
135.0,
145.0,

: 245.0,
1014.9:

655.3:
630.0:

704

730.

755

730.

306
332
858

334.2:

910

, 937
963.7:
990.6:

253.0}

B e L) S L) S S

116.0,
126.0,

657.8:
682.5:
T07.4:
732.5:
757.8:
T83.3:
308.9:
334.7:
360.7:
386.9:
913.2:
, 939.7:
966, 4:
993.3:

23.0, 436.2: 24.0, 438.5: 25.0, 440.8: 26.0, 443.1: 27.0, 445.4: 28.0, 447.7: 29.0, 450.0: 30.0, 452.3: 31.0, 454.6: 32.0, 4
3: 34.0, 461.6: 35.0, 463.9: 36.0, 466.2: 37.0, 468.5: 38.0, 470.9: 39.0, 473.2: 40.0, 475.5: 41.0, 477.9: 42.0, 480.2: 43.

484.9: 45.0, 487.2: 46.0, 489.5: 47.0, 491.9: 48.0, 494.2: 49.0, 496.6: 50.0, 498.9: 51.0,
0, 510.7: 56.0, 513.0: 57.0, 515.4: 58.0, 517.8: 59.0, 520.1: 60.0, 5212.3: 61.0, 524.9: 2.0, 527.2: 63.0, 329.6: 64.0, 532.
66.0, 536.7: 67.0, 53%.1: 68.0, 541.3: 69.0, 543.9: 70.0, 546.2: 71.0, 548.6: 72.0, 531.0:
6: 77.0, 563.0: 78.0, 565.4: 79.0, 367.8: 80.0, 570.2: 81.0, 572.6: 82.0, 575.0: 83.0, 577.4: 84.0, 579.8: 83.0, 582.1: 86.
83.0, 389.4: 89.0, 391.8: 90.0, 3%4.3: 91.0, 396.7: 92.0, 399.1: 93.0, 601.3: 94.0,
: 99.0, 616.1: 100.0, 618.5: 101.0, 621.0: 102.0, 623.4: 103.0, 625.9: 104.0, 628.3: 105.0, 630.8: 106.0, 633.2: 10
110.0, 643.0:
120.0, 667.6:
1 130.0, 692.5:
140.0, 717.4:

501.3: 52.0, 503.6: 53.0, 506.0:
73.0, 333.4: 74.0, 335.8: 75.0, %

604.0: 95.0, 606.4: 96.0, 608.8:

11
12
13
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F7— 1615 #7520 ( Normalized Difference Vegetation Index ,
NDVI )
NDVIEE ZHRBEERHEHE  MFEESRABEMNERNADT -

SRR AN A CEAAININRET - BEBREEYER - £ERZANWENHEEENSEN - BE
RARNEYMERDZ - AZWH ¢

NDVI = (1+L)x(pn1r—PrED)

PNIRTPRED+L

NIRBFALINEE ; REDBALYERET - NDVIZENR-121 28 - ERED=0FF - B&REAE] | &
27 - @NIR=0FF - BE/J\VE-1 -

T IEHARE TS 2 (Soil-adjusted vegetation index; SAVI)
AN

SAVI = PNIR —PRED

PnirtPRED

HPLEHBEERHERF - BIRRFZEBPHWLERS - JRABEMRED LIEREL(EMER
WARTIBETRIMEENTE - WRZESLTHR 7 LIRS ENERIEEEL

REZ E1E# 752! (Green Difference Vegetation Index; GDVI)

ZiEERYEARMUEBBEANEgERISYNGESE oM EFRMTEREEERESIR
e

NS (1N

GDVI = PNIR *PRd >

PNIR *HPRea

# Extract the Green Difference Vegetation Index from the datacube

# Inputs:

# array - Hyperspectral data instance

#  index - Index of interest

# distance - How lenient to be if the required wavelengths
# for a specific index are not available

index_array_gdvi = pcv.hyperspectral.extract_index(array=spectral_array,
index="GDVI",
distance=20)

Pseudo RGB Image GDVI Image
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HHGDVIRBET _EICES

# Threshold the grayscale image

# Inputs:

# gray_img - Grayscale image data

#  threshold - Threshold value (between 0-255)

# max_value - Value to apply above threshold (255 = white)

# object_type - 'light' (default) or 'dark'. If the object is lighter than the
# background then standard threshold is done. If the object is

# darker than the background then inverse thresholding is done.

gdvi_thresh = pcv.threshold.binary(gray_img=index_array_gdvi.array_data,
threshold=150, max_value=255)
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# Find Objects

# Inputs:

# img - RGB or grayscale image data for plotting

# mask - Binary mask used for detecting contours

id_objects, obj_hierarchy = pcv.find_objects(img=index_array_gdvi.array_data,
mask=gdvi_thresh)

HEGDVIF{BEITROIZESE


af://n102

# Define ROI

Inputs:
img - RGB or grayscale image to plot the ROI on
- The x-coordinate of the upper left corner of the rectangle
The y-coordinate of the upper left corner of the rectangle
- The height of the rectangle
- The width of the rectangle
roi, roi_hierarchy= pcv.roi.rectangle(img=gdvi_thresh, x=500, y=500, h=300, w=300)

#
#
#
#
#
#

= oK< X
1

img - img to display kept objects

roi_contour - contour of roi, output from any ROI function
roi_hierarchy - contour of roi, output from any ROI function

obj_hierarchy - hierarchy of objects, output from pcv.find_objects function

#

#

#

#

# object_contour - contours of objects, output from pcv.find_objects function
#

# roi_type - 'partial' (default, for partially inside), 'cutto', or

#

'largest' (keep only largest contour)
roi_objects, hierarchy, kept_mask, obj_area =
pcv.roi_objects(img=index_array_gdvi.array_data, roi_contour=roi,

roi_hierarchy=roi_hierarchy,

object_contour=id_objects,

obj_hierarchy=obj_hierarchy,
roi_type='partial')
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# Extract statistics about an index for the leaf region

# Inputs:
- Hyperspectral index data instance

# array
#  mask - Binary mask image data
pcv.hyperspectral.analyze_index(array=index_array_gdvi, mask=kept_mask)

Refleckance

Wavelength (nm)
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PlantCV¥J Thermal Dataly sz &
( FLIRAH# )

FLIRAB #1455 % AU Thermal datafz 5 —1{Elcsv &3 -

# Read raw thermal data

# Inputs:

#  filename - Image file to be read (possibly including a path)

# mode - Return mode of image; either 'native' (default), 'rgb', 'gray', 'envi', or
‘csv!

thermal_data,path,filename = pcv.readimage(filename='FLIR2600.csv', mode="csv")

[RGB RES - 2B EEGE2HEFLIREGHBERN - ZBE&BERT 7 —(@.csvEEIEXXH -

KEBEGNEREBEST0-2552E  BEERRRBEBEMNERER/EMETIZE  HIEE&ERT
OJREBRERRE - U RAIVEEGDS  RAREARREE  NARHEERWKERE - B
B% (B Suint8S NI MATIRER ) BLE - ZEGEEBARNEEEL - ERE ZEfloat64s)
Double-precision;Z 18 - TR TR NRE R “4EE " #Iupyter Notebook F 88 T 1ERIZRTF - Blm
BERBBENES  UEREE - EMGENREEEREHR —BEBESG HEXRESETIEENR
NMERIEENSEAE  UHEBENERAEAMIHRENXEEGNPantCV R ERSNEIESE

7 .

# Rescale the thermal data to a colorspace with range 0-255

# Inputs:
# gray_img - Grayscale image data
# min_value - New minimum value for range of interest. default

1]
()

# max_value - New maximum value for range of interest. default = 255
scaled_thermal_img = pcv.transform.rescale(gray_img=thermal_data)
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# Threshold the thermal data to make a binary mask

# Inputs:

# gray_img - Grayscale image data

#  threshold- Threshold value (between ©-255)

# max_value - Value to apply above threshold (255 = white)

# object_type - 'light' (default) or 'dark'. If the object is lighter than the

background then standard

#

threshold is done. If the object is darker than the background then

inverse thresholding is done.
bin_mask = pcv.threshold.binary(gray_img=thermal_data, threshold=35, max_value=255,
object_type='dark")




H#itH#H# Analysis

# Analyze thermal data

# Inputs:

# img - Array of thermal values

# mask - Binary mask made from selected contours

# histplot - If True plots histogram of intensity values (default histplot = False)
analysis_img = pcv.analyze_thermal_values(thermal_array=thermal_data, mask=kept_mask,
histplot=True)

i
=]
i

wn

Proportion of pixels (%)

0 10 20 30
Temparature C

PlantCV H BB K EIEAR R B ICF
& (PSR SZ 1E
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PlantCVIR R EHRKENBUNEF ZENIE, F,/F, = (Fn — F,)/Fn
FEIEMHFHE@A

1.EAR1:FO0 ( XBAFdark /null ) B F -
2.BR2 : FminEB R -
3.BhR3 : FmaxBH -

LR TEABE : FO ( ZE®& - T8 AFdark ) ; FminE%& ; FmaxE% -




(18E0 ) ®BFv/ FmEREENER - (K& ) REFV/ FmENESE -

FwiFm of JFLUC TV



PlantCVEI YT 4TINS 58218 ( NIR
Image ) BN~z 1%

®LEET . BEERBERYEBNHEER (RANABRER  SBER) ;| EREBEG LITHR
EYMEREY | EREEENESE -
1
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PlantCV#JMachine LearningHJs7 &

R HEE AT $E88(Naive Bayes Classifier)

R . AREESENTE R
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