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Abstract. How to efficiently use hyperspectral remote sensing data to quantitatively retrieve bio-physical
and bio-chemical crop parameters and accurately obtain regional crop growth information has always been
one of the hot issues in agricultural quantitative remote sensing researches. Based on optimal selection of
sensitive hyperspectral bands, the research on retrieval of winter wheat above-ground dry biomass
(ADBM) from Hyperion hyperspectral imagery was carried out in Shenzhou County, Hebei Province of
Huang — Huai — Hai Plain which was the major grain producing region in China. Firstly, through
analyzing relationship and their coefficient of determination ( R*) values between field-measured ADBM of
winter wheat and narrow band vegetation index (N — VIs) from crop canopy hyperspectral data, the
method of determining hyperspectral sensitive band centers based on areas weight of R’ maximum values
was proposed and applied. Then, supported by results of hyperspectral sensitive band centers, Hyperion
hyperspectral remote sensing data was used to retrieve winter wheat ADBM at regional scale by using the
N — VIs, and the accuracy of winter wheat biomass estimation results was validated. The Hyperion remote

sensing data was acquired on Apr. 23, 2014, which was at the booting stage of winter wheat, and the
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used N — VIs included narrow band normalized difference vegetation index ( N — NDVI), narrow band
difference vegetation index (N — DVI) and narrow band ratio vegetation index (N — RVI). Compared
with field-measured winter wheat ADBM, based on optimal selection of sensitive hyperspectral bands and
Hyperion N — VIs constructed by the selected sensitive bands, the method of using Hyperion N — VIs to
retrieve winter wheat ADBM had better performance, and the accuracy order of winter wheat ADBM of the
N — VIs were determined, showing a descending trend as follows: N — NDVI, N — RVI and N — DVI.
Among them, based on the Hyperion N — NDVI constructed by the selected sensitive bands (528. 57 nm
and 962.91 nm) , the retrieval result of ADBM of winter wheat was the best and the relative error (RE)
and normalized root mean square error ( NRMSE) were 12.65% and 13.78% , respectively. It was
proved that based on optimal selection of sensitive hyperspectral bands, using Hyperion N — Vs to
retrieve winter wheat ADBM had certain feasibility and effectiveness. It could provide a new thought
thread for hyperspectral remote sensing sensitive bands selection and for the improvement of quantitatively
retrieving bio-physical and bio-chemical crop parameters.

Key words: winter wheat; biomass; hyperspectral remote sensing; sensitive bands; vegetation index
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Tab.1 Statistics of winter wheat canopy hyperspectral N — VIs in main growth stages
7 P B Al B [/ nm PREM Vs R Vs FLEAAM Vs
A B i i EX moME B PRI RAME EBORE P RAME RO PIE
680 ~ 1 000 350 ~ 720 0.45 0.93 0.87 0.56 0.94 0.89 0.40 0.76 0.74
N-NDVI 520 ~580 350 ~510 0.37 0. 65 0. 40 0.35 0. 60 0.39 0.25 0.58 0.39
640 ~700 520 ~570 -0.45 -0.30 -0.32 -0.44 -0.30 -0.31 -0.16 -0.06 -0.07
720 ~ 1 000 350 ~750 0.13 0.52 0.51 0.09 0.41 0.38 0.07 0.27 0.24
NopvE 760 ~930 830 ~1 000 0.04 0.08 0. 06 0. 04 0.07 0.05 0.01 0.03 0.02
750 ~1 000 350 ~520 18. 00 53.00 48. 00 15. 00 42.00 35.00 8.00 25.00 19. 00
NoRVE 740 ~1 000 600 ~ 700 12. 00 34.00 28. 00 11. 00 21. 00 17.00 4.00 7.50 6. 00
RVI L4 4/ A ik R? 4 P v 4 il 4% R = 2(9) 43 A3 SRR DX 3, 02 1 B0 A Dy S0 g B o
0.65 .R*=0.60 R*=0.70 ffy R* "4 K BLHEATHIE 0o EIHFE AT, & 6a h A ~ H [ F .04 51K

ORI B b W WIS, DT T R I ) R R IX
B, 6ad A~H ®6bfF A~D [ 6cH A~I
A B RPAROR A X 3 2, o T UM
7R U B R K, AR B S AR B 6 AL R TR >
0.45 X zh R

TﬁﬁnzN VIs 5 T A Yy i U X S | 4%

(840 nm ,387 nm) (500 nm ,465 nm) . (963 nm ,527 nm) .
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(829 nm,699 nm) (718 nm,717 nm) ;[§| 6b H* A ~D
B E 043 51 2R (502 nm 454 nm) (623 nm ,428 nm) |
(947 nm,593 nm) (956 nm,736 nm) ;[ 6¢c H1 A ~1
B EE 043 520 (439 nm 623 nm) (506 nm,461 nm) |
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Fig.5 Two dimensional maps of R values for N — VIs versus ADBM of winter wheat
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Tab.2 Selection of Hyperion bands and statistic of winter wheat N — VIs in 2014

N_— T2 I U B P L Hyperion & ) i 18 EH B Z/N4 Hyperion N - Vs
A B Ay BB A A, BB
Eiztan Rl f/ME T
K/ nm PR/ nm (W nm) (H/nm)
465 500 B, (467.52) B5(498.04) -0.035 -0.10 -0.058 4
527 963 B, (528.57) By, (962.91) 0.98 0.45 0.6725
538 729 B,, (538.74) By (732.07) 0.95 0. 46 0.632 1
NNV 543 859 B, (548.92) By, (854.18) 0.99 0.55 0.728 4
699 829 B, (701.55) B, (833.83) 0.97 0. 60 0.736 5
701 962 B, (701.55) By, (962.91) 0.95 0.30 0.5157
454 502 B,, (457.34) B, (498.04) 0.001 -0.003 0.001 5
428 623 By (426.82) B,, (620.15) 0.001 8 -0.008 6 -0.007 2
NV 593 947 B,, (589.62) By, (952.82) 0.63 0.36 0.530 1
736 956 B, (732.07) By, (952.82) 0.26 0.15 0.2323
439 623 B, (436.99) B,, (620.15) 0.41 1.42 0.852 6
461 506 B, (457.34) B, (508.22) 0.91 1.05 0.994 1
538 965 B (538.74) By, (962.91) 9.50 15. 60 13.101 1
553 850 B, (548.92) By, (854.18) 11.70 18.10 15.080 2
N—RVI 550 740 B,y (548.92) By, (742.25) 6.56 9.98 8.520 4
715 721 By (711.72) B, (721.90) 0.62 0.75 0. 660 7
552 730 By, (548.92) Byg (732.07) 0.11 0.23 0.159 2
519 818 B, (518.39) B,; (823.65) 0. 002 0.10 0.005 8
539 970 B,y (538.74) By, (972.99) 9.55 15. 60 13.332 6
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Fig.7 Spatial results of Hyperion N — NDVI of winter wheat at booting stage (2014)
RZEVEHIN 12.65% ~15.46% ,JA— LR JFRIRZER (962. 91 nm) 7 BeAy # 19 N — NDVI Al 5 A= Wy kg
H13.78% ~16.73% . Hfi, Ll B, (528.57 nm) .B,,  FEELES R 0.720 6, RE . NRMSE 43 3 % 12. 65%
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1 13.78% ; H T N — RVI & /N FE M F 49 &
AHXF IR ZETE N 12.77% ~19.66% ,H— {3477 1R
W 14.53% ~ 18.95% , i, L B,
(711.72 nm) B, (721.90 nm ) i B¢ A 2 ) N — RVI
A8 A= Wy WS BE B 5 , R 0.700 1, RE . NRMSE
SRR 12.77% Fl 14.53% ; 3F N — DVI & /N5 Hb

TR Y R Al B X R 2298 B O 16.83%  ~
20.81% ,H — {3 5y AR % 2= 3 Bl 4 18.90% ~
23.22% , Hp Pl By (732.07 nm) By, (952. 82 nm)

BB R N — DV BT AR 9 4 85 B2 e, R
% 0.692 4, RE, NRMSE 4+ % % 16.83% i
18.90% .

®3 ETF Hyperion N- Vs WREE/NEEYEGHEFE (2 HEH,2014 F)

Tab.3 Accuracy of remote sensing estimated biomass based on Hyperion N — VIs( booting stage,2014)

Hyperion Hyperion Hyperion WEHBY=cX+d PE RS FE RE (N = 10)
N-VIsf8br A BEBPK/nm A, P B K /nm (n=15) R? RE/% NRMSE/%
B,, (467.52) B,5(498.04) Y= -155502X -5 157.5 0.443 4™ 15. 00 16. 14
By (528.57) By, (962.91) Y =20 498X -8 917. 4 0.720 6 ** 12. 65 13.78
B, (538.74) By (732.07) Y =23 302X - 10 563 0.553 1" 15. 46 16.73
N NDVI B,, (548.92) By, (854.18) Y =21763X - 11 579 0.618 7 14.36 16. 06
B, (701.55) B, (833.83) Y =23 837X - 14 037 0.513 2* 14. 96 16. 04
Bys (701.55) By, (962.91) Y =14 032X -3 769. 3 0.648 8 ** 14.21 15.59
B, (457.34) B,5(498.04) Y=2x10°X +7 121.6 0.660 9 ** 18. 46 20. 04
By (426.82) B,, (620. 15) Y =340 546X +6 565.7 0.697 1™ 19.15 19. 88
N-DVI B,, (589.62) By, (952.82) Y =23 362 - 36 804X 0.538 7" 20. 81 23.22
By (732.07) By, (952.82) Y =22 376 - 83 438X 0.692 4 16. 83 18.90
B, (436.99) B, (620.15) Y=9037.1X -3 405.3 0.607 6™ 16. 16 17.16
B, (457.34) By (508.22) Y =66 860 - 63 359X 0.574 0" 19. 66 18.95
B, (538.74) By, (962.91) Y =24 220 -1 536.4X 0.740 4 14.07 15.22
B,, (548.92) By, (854.18) Y =22 490 - 1 230X 0. 690 3 ** 13.85 15.90
N - RVI B,, (548.92) B, (742.25) Y =26 036 -2 588. 6X 0.733 7" 15.17 15. 14
By (711.72) By, (721.90) Y =72 284X — 44 556 0.700 1* 12.77 14.53
B,, (548.92) By (732.07) Y=71987X -7 282. 1 0.671 0" 16. 83 18.50
B, (518.39) B,, (823.65) Y =93 288X +3526.8 0.718 6™ 13.81 14. 63
B, (538.74) By, (972.99) Y =24 220 - 1 536.4X 0.716 1™ 13.22 14.76
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Fig. 8 Result of ADBM of winter wheat and their validation based on Hyperion N — NDVI( booting stage, 2014 )
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