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Hyperspectral Estimation of Peach LLeal SPAD Value Based on PCA-BP
Neural Network Algorithm

WU Wen-qiang, CHANG Qing-rui” ,CHEN Tao,YU Jiao-yang
(College of Resources and Environment , Northwest A&F University ,Yangling 712100, Shaanxi,China)

Abstract: The monitoring of the vaue of soil and plant analyzer development (SPAD) of peach leaf were re-
alized by spectral technology. By using the BP neural network algorithm that was based on the principal
component analysis (PCA),the SPAD evaluation model for peach tree blade was established. Firstly, the
changes of SPAD values of peach tree blade and its correlation with blade spectrum at each growth period
were analyzed,and the correlation between five red edge parameters and SPAD value was analyzed. Finally,
three red edge parameters with high correlation were selected to conduct single-factor modeling with SPAD
value. Then, the red edge parameters and SPAD values were modeled using principal component analysis
and PCA-BP neural network algorithm,and the estimation model was verified. 1) From May to September,
SPAD value of peach tree blade showed the changing characteristics of first rising and then falling, and
reached the maximum value in August. 2) The three models established during the four growth periods all
passed the significance test at the level of 0. 01,among which the models that estimated SPAD value in June
had the highest accuracy in modeling and verification,and R* was above 0. 814, 3) In the single-factor mod-

el,the SPAD value of peach tree blade at each growth period had the highest estimation and prediction ac-
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curacy by using the position of red edge. 4) The PCA-BP neural network model had the best estimation

effect in each growth period, with the highest modeling accuracy and prediction accuracy,and the highest

R? was 0. 938 and 0. 974, respectively. The principal component analysis model was in second, the single-

factor model was the lowest. Therefore,the PCA-BP neural network inversion model based on red edge pa-

rameters could accurately estimate the SPAD value of peach tree blade. The results of this study would pro-

vide theoretical basis for the monitoring of chlorophyll content in peach tree blade.

Key words: hyperspectrum; SPAD value; red edge parameters; principal component analysis; BP artificial

neural network
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Table 1  Definition and formula of the red edge parameters
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Fig. 1 SPAD values of peach blade at different growth stages
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Fig. 2 Spectral Reflectance of peach at different growth
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Fig. 3 Correlation between spectral reflectance and SPAD values
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Fig. 4 Red edge characteristic of peach canopy spectra

at different stages
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Table 2 Correlation between red edge parameters and SPAD values (n=54)
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Table 3 Single factor regression model
R B B UERG
AFY BH Il )9 75 A2
R? adi-R* RMSE RE/% R? RMSE RE/%

SAr y=—102. 941 422°+47.895 942+39.521 11
Kar y=—65.951 952> —198. 648 68x—104.122 7

6 H Ar
SAr y=—28.922 822> —25. 079 4x+58.200 61
Kar y=7.728 312> —31.619 98x—8.393 73

8 H Ar y=—0.092 72*+132.513 92x—47 301. 451 55
SAr y=—27.750 272> —28. 883 97x+61.533 25
Kar y=9.306 252%—29.789 3x—7.488 06

9 H Ar
SAr y=77.086 492 —110. 840 59x+73. 289 45
Kxr y=—33.574 412> —127.839 920 —64. 544 46

y=—0.162 742?+231. 386 35x—82 200. 644 86

y=—0.119 7622 +171. 003 53x—60 989. 193 62

y=—0.074 9722 +107. 503 55x— 38 483. 242 16

0.786  0.774  4.567 11.334 0.897 4.571 11.568

0.760  0.747  4.839 10.632 0.696  6.039 14.221
0.732 0.718 5.107 11.302 0.670 6.197 14.61
0.875 0.868 3.574 7.723 0.904  3.390  7.493
0.825 0.815 4.137 8.326  0.891 3.965  7.901
0.814  0.804 4.264  8.359 0.902 3.627  6.860
0.828 0.819 3.379 6.583 0.813 3.994 6.570
0.793 0.782  4.369 6.540  0.879  3.517 7.679
0.806  0.796  3.556  6.486  0.885 3.693  8.210
0.613 0.592 5.414  9.698 0.602  6.480 14.238
0.478  0.450  6.254 13.606 0.594  6.198 14.611
0.567  0.543  5.767 10.934 0.729  5.859 12.969

2.5.2 EmowagERamE ERS SR,
7 AE IE 28 AR 4 22 i AT e B MR AR O AR e S
TG 2 M AH DG 1 33X 21 0 2 M A G 19 28 R BR Ol AT
F 3 43 BT R B L 5 R AR A KD BE A R 4 K
Gy R AR S HE AT R R S B0 B
HeL) LA LT AR AT R A . 2T R
JERLLN W 5 SPAD {H #HA, 45 RWL3K 4.
TESRRI R B A v, 4 A A F W R 2030 A0 & 1Y
LA R B by, B R 2y %4 0. 786, 0. 875,

0. 828.0. 613 Tl £ 32 5L 53 43 7 454 U 0L 5 1) A4S R?
7 0.825,0.929.0. 857.0. 629; = W4 A0 b T 88 A
RS A R T 4. 77% 4. 83% . 3. 37 %
2.51 %0 5 2 o> AR A L 5 D B R 2 AR
BIWA R A1 RMSE #4253 . A 22 43 9 24 0. 106,
0. 009 HZ2FE S5 2 A H W B N BB R R
RMSE #4538 A0 25 43 5 R 0. 015.,0. 0115 fr LAY A
R PR PR L 2 PRSI A TRk AH 32 W4y o A
(AR A DL 5 RORA T B I R A

x4 EHDOHMER

Table 4 Principal component analysis models
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Table 5 Parameters of BP algorithm
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Table 7 Model comparison of SPAD values of peach blade
06 UE K B
A Hm 52 {E 5 T 0 91 1y —
R? RMSE RE/%
5 H L AL y=1.082x—5.335 1 0.897 4,571 11.570
BNk y=0.863 2x+4.419 7 0.932 2.646 5.770
PCA-BP #f 5 [# 2% y=0.860 5x+4.842 3 0. 956 2.099 5.720
6 H B[R 2 A y=0.921 12+3.519 6 0. 904 3.390 7. 490
F Y S B A R y=0.883 3x+4.355 6 0. 929 2. 863 3. 820
PCA-BP #fi 2 i 4% y=0.976 4x+1.079 6 0.974 1. 891 3.63
8 A PALPR] 2R AR y=0.815 3x+7.645 7 0.813 3.994 6.570
F A B AR y=0.786 1x+8.871 9 0. 907 2. 475 6.390
PCA-BP 1 22 % %% y=0.946 9x+2.851 2 0.967 1.725 3. 450
9 A 2P AR A y=0.406 22+26.120 0 0. 602 6. 480 14. 240
TR A Hr AT y=0.483 8x+21.736 0 0.653 3.618 13.450
PCA-BP 1% % %4 y=0.646 32+16.100 0 0.772 3. 604 10. 550
AW R LL 4 & 50 SPAD i H A IE bR T 2130 2 B0 RS TR 1) 52 i) 5 8 AL Ty 30 X A 7Y

MK FR BT E A 3 Fh A 7 ik v A 53 80 2R
Pad It . 3R DR R B i A I 2 3R A T O B
XL A D' B A R T B A T A A AR L G
PRI it 2 2R R 22 i R WSO 2 /9 2000 A
JEIE T+ AR I A £ 300 57 B 1] T 1 RS B L
BLLI R PG s B AR SR S U M R A B R v
I TGk W W B 22 9 200 0 RS et 1 i A 4034
(B P TT [ R 8l B AR PR

WARKBFZ W, AP X 3 R s )y i . B
PRl 28 AR 2 ke o A A 0 A Y B AT — S ) L A%
RO E RaE g T 0. 01 A9 B E MK ER K, A
FHEE T BP 2 j0 2 30k L 0 2 SRR 00K 2 AR
SEVERAR . BP iz 25 5k R ot . (R H 2 i
57 o] BRI bR R R TR T R AU A
ABIETE 38 B 2 EE T e 8 B AU PR RORT Leven-
berg-Marquardt BRI 47 . A7 16 #Y [A) B2 < X Fh



140

(iRl Ne e o

34 #

05 1 T RE 22 W8 AR BTG5 /A 3] Bkl s
3 it

LA OG- it DX R Ak R I R Sl BIE S X L b
M SPAD {i Fl i )l 1 2 B0 AH DG 43 S0l 4 2 A
B SPAD {H /Y 5P 28 73 b 485 8 | 3 A o3 o0 B AR
BT E TR BP #2485 AR B DL 45 S

PCA-BP M 28 [¥ 2% 55310 AR L T 50 R 3 20 A7 g L
T A3 53 A AR L AR S ORI L 1T 3 AR
BB R® 3>>0. 87, 5 1E R® >0, 95, A1 £
JE MBI BAT B A TN R 5

S A RO B R AR 6 A MR R
0.938,RMSE & 2. 426; % iE R* 2 0. 974, RMSE
o 1.89159 H iy AL AORS JiE 90 HE A B2 24 A1 5

TEEA L S50, 20 30 47 B X B ik
SPAD 1B % 5 S i ROCR f 0 0 i 4 32 3% i BAT AL
IFRAG SRR . P Lh L T FE 4 i BP R4 N 4%
SR XTI R SPAD 8 A7 % R 1Y Al SRS B MY g
M oL SRR R AR B R R i, 0] DO 3R IR OTE
A5 T I R AR R R SR AR R
S 23k
L1 ®nZwl.# PCHs. RS 5 GIS 7E R 4L 28 £ X - 42 ph F 5 vh 1y

Bz LT PEAb AR e 2441, 2009, 24(5) 1 166-170.

LIU Y B.CHANG Q R. Application of RS and GIS on soil ero-

sion research in black soil region of northeast Chinal J]. Jour-

nal of Northwest Forestry University, 2009, 24 (5): 166-170.

(in Chinese)

[2] AWy H PoE . i WA WA, 45, 36T @ 6% Al BP w25 o 45 455 1Y
SRR SPAD {H 3& A B LT 1. 75 b bk 2 B 2 4, 2018, 33
(2):156-165.

YU J Y.CHANG Q R.YOU M M,et al. Estimation of apple

leaf SPAD value based on Hyperspectrum and BP neural net-

work[ ] ]. Journal of Northwest Forestry University, 2018, 33

(2):156-165. (in Chinese)

[3] xUFFse, el el 5. B FHHES D RN SRS &
BRI ], VHAL AR B 2 42, 2012, 27(3) 1 44-47.

LIU X Y, XIONG ] L,ZANG Z, et al. Estimation models for

chlorophyll content of Pinus massoniana based on vegetable in-

dices[ J]. Journal of Northwest Forestry University, 2012, 27

(3):44-47. (in Chinese)

(4]  Evk,oRPIREBSCE S I Bknt i 4 38 SPAD {5 31 4 F5fiF
5 Wp 2 RRAE A3 BT DL PHAE AR B 4 2016,31(5) :311-315.
WANG B,ZHANG Y Z,HE W M, et al. Color and spatio-tem-
peral characteristics of chlorophyll SPAD values of prunus da-
vidiana leaves[ J]. Journal of Northwest Forestry University,
2016,31(5):311-315. (in Chinese)

[5] BRESR, L&, (s, 5 A B F 0 £k et )1 SPAD motig
AR 5E [T ). S6 1% % 5 6 3% 43 Hr . 2013, 33 (10) : 2838~
2842.

[6]

7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(171

CHEN Z Q,WANG L,BAI Y L,et al. Study on the prediction
model of SPAD hyperspectral in maize leaves during the whole
growth period[ J]. Spectroscopy and Spectral Analysis, 2013,
33(10) :2838-2842. (in Chinese)
E R E AT, A Al 2 0 45 0 i 't 1% e R RN 5
AN A RELT . A TR 2 42, 2008, 24 (Supp. 2) :196-201.
AR AR DR A N R B R SR RO ] R
A 224 . 2008,19(5) :992-999.
RVGAF PR A5, PR 1 m G IR AR e R
FrA UL, RO A2, 2010,43(6) 1 1189-1197.
ZHU X C,ZHAO G X,WANG R Y.,et al. Hyperspectral char-
acteristics of apple leaves and their pigment contents monito-
ring[J]. Chinese Agricultural Science,2010,43(6):1189-1197.
(in Chinese )
TREE RS AR AR SE B TGRS R AE 20 AT 09 S R
TR ARG )], Al TR 2], 2013,29(8) : 171-178.
ZHANG Y,ZHENG L H,LI Z M, et al. Construction of apple
tree leaves nutrients prediction model based on spectral analy-
sis[ J]. Transactions of the Chinese Society for Agricultural
Engineering,2013,29(8) :171-178. (in Chinese)
W RS BB AL RV A L 55 R T vy Sl T AR B i S 0 S SR A 5
JEi ek E R LT 6% 561 4 Fr, 2013, 33 (8): 2203-
2206.
B PER R VEAE. SR i 2 R A g Ol A6 0 A
BT o6k 5Ot o 47, 2012, 32(5) . 1367-1370.
WAAME, EEAR L IKIB R, I T ML 2050 5 B0 - 4 R 8 B B
AR A Ak SR (D). A ol TR A 4z 2009, 25 (Supp. 2)
137-141.
TR BR R ARAE AR R R TR A A AR IR 1
A a3 S A LT, R HLAR = 4 2016, 47 (3) 1 292-
297.
DING Y J,ZHANG J J,LI X H,et al. Estimation of chloro-
phyll content of tomato leaf using spectrum red edge position
extraction algorithm[]]. Transactions of the Chinese Society
for Agricultural Machinery, 2016, 47 (3):292-297. (in Chi-
nese)
B FPE A, ST UL BP 4 9 46 09 Ak B R e DA 75
BUL AL 5T [T ]. PHAL bR Be 244 2015,30(6) :190-195.
XU Y D,SHU Q T. Study on the accumulation model of pinus
massoniana in shangri-la based on optimized BP neural net-
work[ ] ]. Journal of Northwest Forestry University, 2015, 30
(6):190-195. (in Chinese)
WALTHALL C. A comparison of empirical and neural net-
work approaches for estimating corn and soybean leaf area in-
dex from Landsat ETM-+ imagery * 1[J]. Remote Sensing of
Environment,2004,92(4) :465-474.
HE L,ZHANG H Y.ZHANG Y S, et al. Estimating canopy
leaf nitrogen concentration in winter wheat based on multi-an-
gular hyperspectral remote sensing[]]. European Journal of
Agronomy,2016,73:170-185.
ORA IR B SR, A5 VR R BB B R Y O R A
AT, ik 55645 4> #r . 2008,28(8) . 1827-1831.
(F#:4 224 70)



224

(iRl Ne e o

34 #

L6]

[7]

(8]

9]

[10]

[11]

HAN Y . Rutin has therapeutic effect on septic arthritis caused
by Candida albicans[]J]. International Immunopharmacology,
2009,9(2) :1-211.
IKEDA N E.NOVAK E M, MARIA D A, et al. Synthesis.
characterization and biological evaluation of Rutin-zinc (I1)
favonoid-metal complex [ J]. Chemico-Biological Interactions,
2015,239:184-191.
JARERE BRI ITHSE ORI RS THRE TS5 T
114 R [ e (3 45 (D). 2B 12, 2006, 32(1) £ 65-67.
ARJR AR FR L A A T T e B A A T A KA
P EE R YA B LT VIR AR K2 R AR E
2R 2010, 38(1) :209-215.
XIANG Q S, YUE T L,YUAN Y H.et al. Effects of metal i-
ons on growth of streptomyces gilvosporeus and biosynthesis
of natamyecin[ J]. Journal of Northwest A&.F University: Natu-
ral Science Edition,2010,38(1) :209-215. (in Chinese)
BEPRAE BN IE . T R 4 T TE A R A G T Y
FYERIRLI]. AB Tk, 2018,32(4) : 14-17.
BI Z J,ZHONG ], YAN L. Antifungal activity of rutin and its
metal complexes on wood decay fungi[ J]. China Wood Indus-
try,2018,32(4) :14-17. (in Chinese)
LACIAR A,VACA RUIZ M L,CARRIZO FLORES R, et al.
Antibacterial and antioxidant activities of the essential oil of

Artemisia echegarayi Hieron[ ] ]. Revista Argentina de Micro-

[12]

[13]

[14]

[15]

[16]

[17]

biologia,2009,41 (4):226-231.

BRI AR A A5 WS Ty B LT ] AR s
2012,47(5) :57-58.

SN RS R T o DO Y R S O A (12
WA B AT SE LT ] 2 R AL R 2 241 . 2003, 30(2) £ 220-223.
% T0 25T 98, B2, MIDF #4741 53 M B HC A v ok B 4y
BrlIl. PIb kA e 24l 2018, 33(5) : 201-207.

LATIZ Y,LTIY S,MU ]J. Composition characteristics of sepa-
rated fractions and antibacterial activity of waste MDF pyrol-
ysis condensate liquid[J]. Journal of Northwest Forestry Uni-
versity,2018,33(5) :201-207. (in Chinese)

E07 . R 15 88 . E A (€ R R Boraginaceae) 2 1Y)
BL VA T A9 25 A ST LD . PE AR 2 B 4, 2014,29(5) 1 125-
128.

WANG F,LIANG Q,YAN ] Z,et al. Anti-microbial activity
of the extracts from cynoglossum amabile [J]. Journal of
Northwest Forestry University , 2014, 29 (5): 125-128. (in
Chinese)

BT S I B IR N AR S T A A B R AE LS
DNA fE /) B AL F 58 [T, P8 AU 5 K 2% 2 i . [ AR BL 2
X .2006,42(1) :54-57.

SRHE AR VP EIRL, 2230 AR R AR T A b B
FERILT AT 22 4. A AP 24 1. 2018, 41(2) : 31-35.

(EH#% 140 70

(18]

[19]

[20]

[21]

[22]

[23]

[24]

T5 8 R T AR ISR B IER R S R R
] f 56 R WF 58 LT 1. o6 1 2 504 43 7, 2007, 27 (9) : 1731~
1734.

FANG H,SONG H Y,CAO F,et al. The spectral signature
of the leaf and the relationship between the chlorophyll con-
tent[ ] |. Spectroscopy and Spectral Analysis, 2007, 27 (9):
1731-1734. (in Chinese)

RVEAE R B 220 L A5 BE T mobil 40 S 800 R 6 ) 45
WA F i SPAD I ASMILT . £14k,2011(12) - 31-38.

SHI J Y,ZOU X B,ZHAO ] W,et al. Nondestructive diag-
nostics of nitrogen deficiency by cucumber leaf chlorophyll
distribution map based on near infrared hyperspectral imaging
[J]. Scientia Horticulturae,2012,138:190-197.
AR, B SO, 2L AR R R ISR SR A2
WL S BT ], B E AR, 2002, 35(8) : 980-987
RIT L BRAA 207 55 F ORI 3 35 ik 10 85 Dl 1 A S A 2L AT
FEl)]. FEH 241, 2005,31(8) :1095-1097.

TR SR I e 2T 007 B B A ar i i S 2R A T A
RIBFFELT ] 205 508 TR, 2013,42(3) : 798-804

ZHANG Y H.GUO X C. Estimation model of schima superba
leaf chlorophyll content based on red edge position [J]. Infra-
red and Laser Engineering, 2013, 42 (3):798-804. (in Chi-
nese)

NAVARRO-CERRILLO R M, TRUJILLO J, DE LA OR-
DEN M S, et al. Hyperspectral and multispectral satellite sen-

sors for mapping chlorophyll content in a Mediterranean Pi-

[25]

[26]

[27]

[28]

[29]

nus sylvestris L. plantation[ ] ]. International Journal of Ap-
plied Earth Observation and Geoinformation,2014,26 :88-96.
BRI L 4L 2T Contourlet 728 #1343 20 7 Y
G RIE  EE BR 7L L) ) B T 5 15 B ¥R, 2009, 31
(12):2892-2896.

XUHE H D Hi S A B R OK T UL /3T 21 A0 O/ I R4y 1R
W AR SR ZEMERMLT ] 20405 2K 324 . 2011, 30
(1) :48-54.

LIU W,CHANG Q R,GUO M,et al. Detection of leaf nitro-
gen content of summer cornusing visible/near infrared spectra
[J]. Journal of Infrared and Millimeter Waves,2011,30(1):
48-54. (in Chinese)

INGE B 2R S M, MR A RN O I O A B R K Ik
CDOM ¥ B2 i ph 28 [ 28 B B[] ], iR 2722 40 {5 B RE 2
AR .2009,35(7) :851-855.

G ARTF 0 B A L 45 BT A 0L/ 2040 5Ot i K
M GRS Ak R ] ik 2 50 4 B, 2011, 31
(2):371-374.

YANG X G,SONG K SH,LIU D W.ez al. Comparison of es-
timation methods of soybean chlorophyll content based on
visible/near-infrared reflectance spectral J . Spectroscopy and
Spectral Analysis,2011,31(2):371-374. (in Chinese)

WEAH RS 5K IRAE A% 1 L 25, ANFIS 764l g M 5 R & et
TS R LT DL 3% 2 5 0 3% 43 B, 2010, 30(7) £ 1834~
1838.



