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Schematic diagram of hyperspectral imaging system

Fig. 1
1: Charge coupled device; 2: Grating spectrometer; 3: Imaging lens;

4. Light source; 5: Mobile station; 6: Sample
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SR, BUEE Y 0°~360°, MLL (A JT 4f 45 30 i £ 7 1) o
B, LIty 00, SRty 1207, #2407, WA BE H
gt R AR IR XA Y R

2 HERSHE

2.1 DHEHRAERIEHEME

FH ENVI 3RS IBOREAS R 14 B3 387 $ (8F SRy LA A
G A . A AR I AN BEASZE 862, 9~1 704. 2 nm i [
PR S 300 o X SRR S i AT R T AL B, e A A 3
B 5] 4] 43R B2 5 HEBCHE . 3k 355 AMREAS, AL RE AR 1 - 0
AN 2 IR, RVARTHE & HEATE 900. 9~1 300. 3 nm fREF
BEmm g, Kbl 7 C—H 8 &M d, 761 170
nm 3T B BN ST R4 i FAE 1225 1 360 nm b4y
BIAETE C—H 0 — S R5 AU — A5 A i, 7€ 1 300 nm
BRI MR PR W . B T KA O—H 8 7E 1 450 nm [} 3T A 58
W, T BORCHEAEAE 1 300.3~1 452.3 nm A T B, 7E
1 450 nm B35 45 B 8 19 D B A HE
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Fig. 2 Reflectance spectra of potato leaves

2.2 SHREMAEKESIT

SR 355 MREA, Sk EAE 11,76 % ~92. 66 % X a] , -
PR 74.49% , ARuEZE Ny 16, 18% ., #LIE SPXY & i Xt kEA
R R R IE 52 240 DREA Jp R AIHE, 115 MREA R
IHUESE . RIEERNEE 1 PR, Hoh A M A KR IR
HYEE R 11.76~92. 66 %, #3% T W IFLE M F & K R4H,
Ui SPXY 9k 4] 43 19 2 i BEAR 4 A0 IE 45 2 A HL Y, ]
DU T S e e,

®1 BEESWIEENSSIT(%)

Table 1 Statistical results of calibration set
and validation set( %)
Bk HAR IoN: He/ME -2 {E T e 22
JER =N 355 92. 66 11.76 74.49 16. 18
AR A 240 92. 66 11.76 70.47 18. 00
K F4E 115 90. 24 59.62 82. 88 5. 24

2.3 HERKHE
RAE LR E N RO v [ O 862. 9~1 704. 2 nm, [
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1410.12, 1 403.62, 1 413.32, 1 416.62, 1 419.82,
1400.32, 1 423.12, 1 426.32, 1 429.62, 1 432.82,
1436.12, 1439.32, 1 442.52 F1 1 445.8 nm, {215 5
15 ANFHIEPCRIIFE 1 400. 3~1 450. 0 nm JELH P, HB BN
FAAE O H SRR O I, AR T 7K 20 W Wi WA A 1 D16 %
Rk
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0.2 4
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Fig. 3 Correlation between spectral reflectance

and leaf water content
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PLSR 5 7Y v 4 A A5 8 1) 1] U5 28 550 4 %o {E I /NE R 4 Rk AR
R R RO R B E R R . R E . ET AR
I I LA AN (] 9 3 B T R PR HEAT R AE B K I 4R B, B8
JEAE R E 4, BEAAR RV K, A AR R B B R, MR
RFMBERK TR EEENIRE, MRBERY KRR ME
R

BEE 0.3 FE R R 2 7K S8 0 18 5 11E 0 < 368 6 1) B 1A
AT 15 AN RRAE B, e TR 26 PR AR R0 N R E] )
HEZ, 4y % 1 071.62, 1 041.12, 1 222.52, 1 465.22,
1397.02, 1 449.02, 1 034.32, 1 523.22, 976.42,
1172.52, 979.82, 1 165.82, 1 037.72, 1 426.32 1 869.8
nm, X HE 4 5 3, SR F RF $#& B K A F 860~
1550 nm {EREZ N, f$5 CA ik ) 1 400. 3~1 450.0 nm
R P Y 1 426. 32 F1 1 449. 02 nm; b, RF 25095 7 2% 09 3
KB ALFE T HABE A A 56 M R e A RRAE . 976. 42,
979. 82 nm 11 165.82, 1 172. 52 nm, 1, 976. 42, 979. 82
nm {7 F 970 nm FfHiE, AT O—H B0 EEAE; 1 165. 82
F11172.52 nm i T 1 150~1 180 nm i [, 4& O—H #Hn
C—H R YRR AE P K. &5 LMl fn, 5 CA LM &,
RF 510 68 05 B M0 4 1A 1t 412 BP0 R B 7 S 366 AT 19 R ALE

u.h ALl
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Fig. 4 Results of selection variables using RF

2.4 PLSR [E 58RI & 57

30K CA R RE 557k $2 OB 19 5 AE 35 4 X 1y 1 D% 3% )
WRBAE R X B, HEREN S KRMEENY B
. B BB S KEL W PLSR B,

T IEBROGREF B IU A M 2 3k 2 ) A ALK 1 Y
W, T R Y X R B — 38 B B8 JiE 7% (leave-one-out cross
validation, LOOCV) A7 N #38 B 40 UE . %5 k. CA-PLSR
KERIAE 840 B0 10 B, RMSECV g%/ Jy 3.14% ., RF-
PLSR 7£ % &4 %0k 10 B, EMSECV f%/hJy 2.53% , CA-
PLSR il RF-PLSR 4 e L F-AiF A8 & 50 CoptLV) ¥ 10, 445
W Z T optLV I 523 AR U4 5 BUR e RS B2 FRAIR

MR B 3 o> A 7 SR M R A K K2 W CA-
PLSR # RF-PLSR B, 15 3 g 54 Yo 7 80 (R 43 31 A
0.975 5 F1 0. 983 2, RMSEC 435 2. 81% #1 2. 32% , $k)5
A 0 E AR R RRAE D R B R G I B AE O X AR EACA
) P A5 TR o 45 3 6 90F 2 T A R BCCRY) 43 51 Ry 0,933 2 Al
0.947 1, RMSEV 4351124 2. 31% #1 2. 15%, 0% 2 iR .

F2 FAHMERSINFERKHMHF&KE PLSR &3
Table 2 Results of water content by PLSR model
pom B AR B dE
iR R  RMSEC/%  R% RMSEV
CA-PLSR 10 0.975 5 2. 81 0.933 2 2.31
RF-PLSR 10 0.983 2 2.32 0.947 1 2.15

It # CA-PLSR #l RF-PLSR # % 7] 41, RF-PLSR %!
BRI TR B . T R NG, B CA
PRI SR 15 K AE 1 406. 8~1 445. 8 nm i [H 3 &
LT EMZMMAMEELZR, AMHLREH S T
0.995 6, YLEHMATZ (A1 M- E 1) 2 B LM M RF 5k 48
RS 15 ASREAE I Eh B o i, BT WA 5 & KR
M A 9 D% T 869. 8 T 979. 8 nm (| | <C0. 62) FIAH 3 B
WE KN 426.3, 1 465.2 Ff1 1 523.2 nm(|r|>0.95),
MIETE A B, CA Tk 13 B M R IR P 2 e 7 O—H 42
TE 1410, 1 440 F1 1 450 nm B (9 FRAE OBCBE 4 s 1 RF &
IEG MR RO EMEERE 2, W 976.42 1
979.8 nm & B T 970 nm ff 3T A 7K 4> F B9 WK UK HE AR
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%39 &

1165. 8281 1 172. 52 nm {3 FAEY K /0 8B K 1 150 nm A1
C—H P 1 170 nm Z 8], PL K 1 426.32 F1 1 449. 02
nm PR T AEP) K 73 SO B 1 450 nm [T A4 IR CHRAE .
1 REF B39 0 8 5 300 59 4R AE 38 1< X0 7K 0 f4 m joz DXC 1) 58 Sy 42
T B R R R AR .
2.5 DREMHASKESHHE
2.5.1 vt A AKES A TR

M AT RE-PLSR #8031 5t J 4% A5 3 8 0k 5 K
R, R A FMET A, i R SOk R A 5 TR .
Bl BERERS KRR, ZBRFEEKER 1007, NBE
UL A ARG KRB ETF . WAL R, S B
TR, RO ERR GBI, SOBREAE
Wi Z s GRMAENT v 2 BB R R A B 20
B, GRS KRBT R

Bs5 DREMRAAKESHITALE

Fig. 5 Water content visualization distribution

map of potato leaves

AN, LS de] DL B, M B2 4T 9 160 min
FKRT R R AR, o AR A 0 B S f B W . kK
Z . MEEGER R ZE: i e, B 6
BRI BT IRAS AL . WNAEHE T % 120 min B, H
J B i 2R JK A B € R PR AT T 4 R 2 B N ER A B
ZAFREEE, RGBT LB N EM.

DL B0l B 8 B A T BRARAS B, L ZE R ik
PR B8 W0 (0 S5 7K 38 o 3F — 20 FRAE K 433 4o - 25 A i ik ] 1%
i =AM R TEK I R B, RS 2 A 3R
S, X AR RN SR Rk aa, Hoet
A4 BB LI A KAy R R B S — K
2.5.2 A F HSV £ A stet § 4K FE 5 B 5 4

H TR SR A Z BK 3 S S K
SrAtE B, T HSV R 0 5 B AR 48 150 14 1 25 S X RR AT 40
#o TS EACRMTF 70008, mb R LA, TR
PR EE TRV T S i A A K R AE KT 902, 80% A1 70%
MR S A I E R LB, B EE R A 6 R, B
A 1) THD AR B B 4080 DL 3,

6 MAFEKEXT 0%, 80%F0 70% K &85 AT ML B
Fig. 6 Visualization map of water content more than
90% ., 80% and 70% in potato leaves

£3 AKBAT 0% EEAMH LLOIRLIHER
Table 3  Statistical results of the percentage by the

section with water content greater than 70%

T T T+ T

fig 40 min 80 min 120 min 160 min
>90% 24. 65 11. 35 1.02 0.15 0
80%~90%  69.38  75.51 77.10 47. 81 10. 43
>80% 94.03  86. 86 78.12 47. 96 10. 43
70% ~80% 4.33 7.63 14.79 35. 36 46. 94
>70% 98.36  94.49 92.91 83. 32 57.37

B & 6 AT A s I e K 3R B A LT I R S
T AR U ARG 3] a5 - v 5 7K 3R K 90 U6 119 38 4 Il 25 0t T
] (386 sz i e /b, H B HET 160 min J5 8 0, HAREURE 4n gk
3R,

fif I oA K R KT 90 Y M4 o 24. 65 %4, fif I o A
JKE KT 80 %6 B 43 KR T 70 %6 B3 23 B o5 B 49 AR Ak
F 1 43 B R 94. 03 % F1 98. 36 %, d B o & ok R KT
80 %0 Iy &R 43 i 4 K 22 8. M\ &f 0 3 4L T 80 min, &K R AE
8026 ~90 %0 B & A5 BRUT o Lb Il — 3 m, (H 2 MKET 80
min J5 FF IR D . EEIHF 160 min B2 #] 10. 43% 5 1 &
IKFAE 7090 ~80 %0 1R Z s BT it il . AL E i = AT 160
min — EL AL F 8 g

345

R TR R AR, RIRT B A R
BEdE . FIH CA F1 RF 3L &0k 17 15 MR K, #ar
T o k% PLSR 2 A, 2] T D45 ot | &
KA EGR, ETEIBWT .

CA i vE15 211 15 ANMFRAE B Eh 7E 1 406. 8~1 445.8
nm, FAMEKEREET 0.995 6, A EMW L EILLM; RF
TR EN 15 MR R K EERT . gamfFEER
% . P CA fil RF B 440k B 15 MRREM K, B
BB &K% PLSR 2 Wi f 1, CA-PLSR A 7 (i 2 45 4R
K5 REE (R 0.975 5. RMSEC 4 2. 81% , BaiF 45 EE (RN
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0.933 2, RMSEV 3 2.31%; RF-PLSR #5 % ff) 8 55 4 4 90 %, 80 %6 1 70 %o A [l B i & /K SR R AR AT 43 #1 . HHE B

(R 0.983 2, RMSEC Jy 2.32%, B iF &8 (RN TUE G, 45 R FWR A @ 61 sUIg vl LA S 0 5 28 2t iy

0.947 1, RMSEV g 2. 15% ., RF-PLSR K %I [ ks B A . FOK B S ATAAL Sl B M D0 D 4% B AR ROIR B A R R
I RE-PLSR AV 22 i T 44 S0 i K R AR KR i 44 HIR AR 4 .

R, SEHL A K R S A AL SR B HSV B o 458 R X
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Visualization of Water Content Distribution in Potato Leaves Based on
Hyperspectral Image
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Abstract In order to quickly detect the water content of potato leaves and explore the change of leaf water content under drought
stress, the hyperspectral imaging technology was utilized to detect and visualize the moisture content of potato leaves in this
paper. 71 leaves were collected and the water gradient of the leaves was controlled by a drying method. A total of 355 samples
were obtained. The hyperspectral sorting instrument was used to collect potato leaves spectral and image data of 862. 9~1 704. 2
nm (256 wavelengths). The water content was measured by weighing method. According to a certain proportion, Sample Set
Partitioning Based on Joint X-Y Distance (SPXY) algorithm was used to divide the sample into a model set and a validation set.
For the calibration set, the feature wavelengths were extracted by using Coefficient Analysis (CA) and Random Frog (RF)
algorithms respectively, and Partial Least Squares Regression (PLSR) models were established respectively. The calibration set
and validation set determines coefficient R* and the RMSE (Root Mean Square Error) were used as the evaluation index. The
gray image of the potato leaves water content was calculated using the results of the detection model. The visualization analysis
of potato leaves water content was realized based on the pseudo color image transformation and segmentation. The average reflec-

tance of each sample leaf was calculated by ENVI software, obtaining a total of 355 sample’s spectral data. According to the
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proportion of 2 # 1, the total samples were divided into calibration set (240 samples) and validation set (115 samples) by SPXY
algorithm. Spectral characteristics of the collected data were analyzed. Two algorithms, CA and RF, were used to select 15
characteristic wavelengths, respectively. Based on the CA, the selected 15 wavelengths with the correlation coefficient higher
than 0. 96 were 1 406.82, 1 410.12, 1 403.62, 1 413.32, 1 416.62, 1 419.82, 1 400.32, 1 423.12, 1 426.32, 1 429.62,
1432.82, and 1 441.12, 1 493.32, 1 442.52 and 1 445. 8 nm. Based on the RF algorithm, the 15 feature wavelengths that the
selected probability higher than 0.3 were 1 071.62, 1 041.12, 1 222.52, 1 465.22, 1 397.02, 1 449.02, 1 034.32, 1523.22,
976.42, 1 172.52, 979.82, 1 165.82, 1 037.72, 1 426. 32 and 869. 8 nm. The PLSR model was established using the charac-
teristic wavelengths filtered by the CA and RF algorithms, marked RF-PLLSR and RF-PLSR model respectively. The water con-
tent of potato leaves was analyzed visually using the more precise model. First, the each pixel water content of the potato leaf
image was calculated to obtain a gray image. Then, the gray image was pseudo-color transformed to draw a visual color image of
the leaf water content. In order to reflect the change of potato leaves water content in the drying process, HSV model was used
to segment the pseudo-color image of sample leaf. The segmentation image results, showing the proportion of leaf area in a cer-
tain water content interval, were obtained. The results showed that the 15 wavelengths selected by the CA algorithm were in the
range of 1 400. 3 to 1 450. 0. The calibration accuracy of CA-PLSR was 0. 975 5, and the RMSEC (Root Mean Square Error of
Calibration) was 2. 81% , and the validation accuracy was 0. 933 2, and the RMSEV (Root Mean Square Error of Validation)
was 2. 31%. The range of characteristic wavelengths selected by the RF algorithm, with local “peak valley” characteristic, was
wider than that of the CA algorithm. The calibration accuracy of RF-PLSR model was 0. 983 2, and the RMSEC was 2. 32% ,
and the validation accuracy was 0. 947 1, and the RMSEV was 2. 15%. The RF-PLS model is selected to calculate the water con-
tent of each pixel in the potato leaf images. According to the pseudo-color image, it could be seen intuitively that the water con-
tent gradually decreased with the drying time increasing. From the perspective of leaf tissue structure, with the strengthening of
water stress, the leaves began to lose water from the edge and gradually spread to the middle, in which the water content of leaf
stems and veins was higher than that of other parts. The pseudo-color image was segmented by HSV model based on the color
difference of the image. The proportion of pixels with water content greater than 90%, 80% , and 70% in the leaf pseudo-color
image to the entire leaf image. Using the hyperspectral imaging technology can realize the water content detection and distribu-
tion visualization of potato leaves, which provides a new theoretical basis for the potato growth analysis and potato leaf water

content analysis.
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