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Inversion and Analysis of Maize Biomass in Coal Mining Subsidence Area
Based on UAV Images
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Abstract; The surface arable land damage and destruction of the original ecosystem caused by the
influence of coal mining disturbance are the major ecological disasters in the high underground water
mining area. Identifying an arable-damaged area and obtaining its spatial distribution are important for
ecological disaster monitoring. The influence of crop waterlogging caused by mining subsidence in high
underground water mining areas was taken as an example, and based on the UAV multi-spectral images,
the red band was introduced on the basis of traditional vegetation index to expand, which allowed to select
the best 22 VI. Univariate regression, multivariable linear regression ( MLR) based on the principle of
least square method and back propagation neural networks ( BPNN) were built accordingly by using the
22 VI along with field measurements of biomass data under the empirical modeling method. There were
three indices should be taken into account to determine the optimal model, which were coefficient of
determination ( R*), root mean square error ( RMSE) and estimation accuracy ( EA). The spatial
distribution inversion and analysis of maize biomass were undertaken in the study area by using the

selected optimal model. It was concluded that the selected vegetation index was significantly related to
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biomass. And the highest estimation accuracy was obtained by using BP model. The value of R* was 0. 83
accordingly, which was generally increased by 0. 10 ~ 0. 17. The value of predicted root mean square
error (RMSE) was 178. 72 g¢/m”, which was generally reduced by 29. 65 ~60. 23 g/m’. The estimation
~ 7.1%.

concluded that the red edge band was more suited to the estimation of crop biomass in the mining

accuracy (EA) could eventually reach 79.4% , which was increased by 3.3% It can be
subsidence area. Furthermore, the accuracy rate of the inversion model under the influence of coal
mining subsidence could be increased dramatically by introducing red edge band to the construction of
biomass inversion model. The research showed that the maize biomass in the coal mining subsidence
basin was concentrated between an interval of 592 ~ 1050 g/m”, which accounted for 74. 4% of the
total area. There was 14. 1% of the crop acreage which represented those above ground biomass below
352 g/m’. The overall growth of maize was severely affected by coal mining. There was a trend of maize
biomass which was generally decreased from the basin margin to its centre. The research result can be
used as an indicator to monitor and evaluate damaged ground in high underground water mining area, and
it can also provide fundamental data and theory support for land rehabilitation and ecological restoration.
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2018 4

index; land reclamation; high ground water table

0 35

W 9 L 1 F 2 R FE M BRAR AL B R A T B R
TR (EL I ] R MRS | R 3R R B T SR R T G 4
A R I A 9 6 DR M 5 4% 1R A o L RO R i
R A A S R G T I IR, Bk MR IR
o K B S B S — R A AN .
] XoF 57 453 - M AT DR I A A S 48R R
— EL LR HR BT 0 T

] A 40 %) SR B X9 A 25 00 5% T 2 A A D
Fe LG 75 1K £ 46 vh T AT T2 38 R AR 0
DX Hb ) T 28 780 BRK T AR S Ak kAT W, dn
VENKATARAMAN %" 1] Fi T & 3 84 AR i X
PEAT T W0, 4% 5 36 W1 SR 0 1 3 B 489 0 45 BT 5 X A
BRI - MR b R A ¢ ; CHRISTAIN 2654y 1 £ 45
ARG VI T K8 B8 Ak, 54T T KA
TR I T O, 45 3 - ot ) R o 2 1
ST 437 0 T R -5 7 SRR I8 A 5| I A R 2
ML 55 95 45 B T SR UT G B0 AR
iy PR AR TR R A, X9 X K
AE A AT IF ST 6 42 th A O 5 5 1 R4 R A iR
JHARIR R TR R T X 15 4F 9 BUK T BUAS fE
2 45 v VB K BT DX B R L Y TIE T SR I A g
SEIRUK R AT AT MR . 7E WA IX A S AR B R
R SR TR RBE R A A I i R0 K LR SR
FAL A, TG X b TR R i X AT
SO LB AR I 3T AR Ok B TG A BLIE R
HE AR B S R, 2 6 AL R | T 0 R
B S RAE RASAR B A, T LR R R TE VR
FEZS SRR AN B A A 25 TR A L W 5 T
BRIz R RAET IX R AL TR A Y

B RZBHREE D TR X &R KIS
A I B0 23 28 5 W BT X b BB R A 9
A AR S ORI R U #E R LA CRR &
MR ) T LA T T X T X AR A
PRBE IR Bl 0 R A A 0 e A 1 T
— A .

FHEDL B X XA S I R AR KRR T bR AEAE
YEYE S B i b e VR A4 W 8 B
FRNAEY) 2R DL ot i) e i, H 5 K 34 B ™ 2%
DIAHSE , J& Al s I H B FH e 9 12 48 AR 2 —
FORA Y R B OK AR R T E R
K7 T v T KL SR TR 2 R T, XA I
2 BT R B 52 W) 3 500 K L R o T v, 7 A i R
11752 W A 0 19 A A, G U B e S R A ) A
Yy A, A Rl ST A D™ ™ o DR SE I AT AL
iR SR R TTC B DA 9 ) R A D e 1 X - AT B
ASBERETE . FINAEY RSB S EEE R
) A7 7 A W S A A G 1, ) P A 1 48 B 55 18 IR S
R AR R YRR WA KB E T
PR DR TR £ B TORS A I K G BF g
UL BT R0 1k B S B S 0 1 s
B i B /)N 3 [ U1 Ay S ASE D S T L AT 5 DX/ A2 A
YK 322 5 M b R 45 A ORI R Al T
T I — A B AR B2 B A R AR ) R R
RSP T Ok KR, L N AR B R AT R,
6 A, BE Y BB 5T 3 ST X 1E AR Bl 52 B A
— JBih 35 W AR 1) A A 2 B0 T T RE T R, 9 HL BT
FH A% I 22 D 8% 3 H00 A HL B0 21 40 2 0615 A L
KROSS %' F| H| Rapid Eye ¥t 48 4> #7 T NDVI,
red-edge NDVI ( NDVIre ) #1 Modified Triangular
Vegetation Index 2( MTVI2) 45 7 Fp e I Be 8 B0 5 K



5 8 1)

B G BT IR BRI X £ KA ) S S A 171

AR A LA AR G 75 NDVIre 5244 By
HISAE IR 8 (R® =0.78) o JIN 4810 )5 5 43 7 %
B, MTVI2 AR NDVI I EVI % 5 7 Y 4 1 A G 1
SRR, P R B R 0.72 A1 0.7, B 5 AR i 22
Sy 198.65.227. 41 g/m’, 0] LAIE W 21 1 ¢ B % 1R )
PR S U R N L DR, AR S R T
LS A A 2030 W B 22 63 ML, 45 4 M T 5
WAL AR, BF 7 LA B S0 10 4 2y it 3R A
B A5 SRR 1 T AT M . AL © A BT O e A 6
M A5 T A B O 8 B 20 34 90 B o A4 K A )
P PR A DA, 5 R T 9 K o R U
s b P T A 2 4 0 3 JEK M A TR LB X
A50SS5 RO | BT R R A B S R A S Al
E R NS R

1 #R57FE

1.1 AREEER

ARMESRE AL T IR BF T B, 5 78 0 VAR I
HhE =11 (E ), 3 {7 B 116°50'49” ~ 116°56'56"E,
35°24'11" ~35°31'25"N, HiAb & op A 11 B2 3] F 5
b B 3 Y T R R A R AR A 1) P R O T BRI,
WK R 2 m A4, JB T KA X, B XK
TIERA L NG 1, LR, HIEAIR B R 4F,
FEIATENE G E EKRMRAER S, K, 5 Eok
—AEYSAE 6 Rk, 10 gk, R EEM R E ™
XKoo O X P LA S 5 e, 10w A B
FET, Y5 o =5 P i . BF 98 XOR AR MERE - AT T
VETH FF RS20 (6 [ (&1 1) o Horh AT SRR 5 25 i
TAEWE A, T = RIX A 3 582, m- b +
50.72 m JF RV ¥br i —497. 8 m, Jir R 2 B R
¥78.30 m, M2 M- 14 4°, B 2014 4 8 J] R
SR R CE H 2017 4E 8 J PR IX C A IR B R
TURAS M FIE B T R AR B LR X, 0 22 v 7K A 44
i, ML TR PR TR B B R 3k 5 m, R i 1 00 5t A b 0T
ATKH B Bl A 1 B XRROK b B SR X T R
FEBE B BUK o 1) DY 32 5 08, 2 7 b 3k S 4R
P U H B A A3 A 72 0. 15 ~5.25 m, HhR %
Hu ) 53 A RS N BOAMR IR S 3 TR TR LK
WERRAEY o 456 % AR 0 T RARAE 4K 95 R 4
DU T3 IR A3 DURE X T UL (A 2R, 3% IR L 5t
FESCUCE T 10 mm SEE LR i A, R ATE
] ] AT R T A 3 4% S MR R S b R
FEE L1 12 L3, K405k 550 540 620 m, H: it
K XA B 2 R AR B 5 e W] e, Oy TR AR
YNEH AR AR B ok RAEM B 0 B K AR LA, 3 4%
FELR b FE AT 15 ] BE 359 BE R 0 A sk /)N i 38 K, 4K

WA 5.10,20 .30 ,60 m, ic 55 T A FE S0 25 8] 47 B
FIH R ERBE 5 18, 3L 54 A ORFEAT,3 A FEL L1,
12 L3 J5e i sty 45 A1 3 76 36 8l i B Z 405 2 IR
(EL1) o AR TS LI 55 1 1) 8] 2 2017 4F 8
15 HOE FRBERI) ERBE ERCHAER
H v A Wy I 3K B e R R el L B 5 S
A A RO R AR I R R R
RAEmTT
1.2 HiEFESAEG*
12,1 ZIaissg 8

i F #4322 SR A% S 2% A B 1 parrotsequoia JC A AL
Z ISP (T S FR sequoia) |, J& % o 6 AHLTE R
A BHIF PR R R REIE 2R RATER . BEAMY
A LAFRE 1600 J7 1% % RGB = JFL (o B8 F , i BE K HL
120 18 Z 1400 (P K 550 nm 47 98 40 nm)  £15%
(P 660 nm 4 FE 40 nm) (L3 (P K 735 nm Ay
$& 10 nm) L LA (P K 790 nm 7 58 40 nm ) 55
B AR (B12) o AKEE B 16 AR B8 vl e % IR
FAPIT A SRHE 4 A 201k A% B AR 1 1k S 5 B [
BP9 GPS FI IMU, #5 2Kk sequoia [ 3 J&%F- & 2 U
JiE 3 JC ALK 5 M100, X5 B3 W& 3 Jr R, sh i
RAMWE BATC R, LB R 4f . JTE AL €47 B 110 m,
BN 9 m/s, fEIRARE LM 15°, ik H
) R, #1439 13 em, LA H AL 1.1 km?, 3L 3R B
4 980 MEFZA& B BT IX

e b T A R A R AR A A YOG S RS AR OE
B, B AN B TRHT S8 T R RALZE AL IEACE B
1.5 m Ab 471 HR 3R A5 24 2% 1R T A0 A o I 5 3%, 6 1
A pixddmapper X} 525 347 A0 B, A 4k PR OT FR
I FH A 1 S 5 S8 8T BT A T 4 5 A% LA A5 3 AL 1Y
AL PR AR, IF i ENVIS. 1 8, DL 58 X 50065 1E
SRR T 575 AR AL R AS R 8 1 5] 3 B 30 4>
275 SO0 2 TGRSR IEAT LA RS AL IE | 46 46 56 TR
JUT 2 IE 12 25 /N F 0.5 ARG, AR 40 Az 9y 4k b 1 )
TR RE AL R A R % R X3 (Region of
interest, ROL) , X ROL i [l P4 4t 497 1) - 34 )2 4 %60k
TR AR R R K R RO ROk 15 5 A R
1 5 5 0 T B
1.2.2 B Ml 3R R R SRR

H T ARBUCIURE X R DU B, 6B 5 EOR B ad
P, ) ISR FH 2 X2 20 A I 3t 1) i O R T —
5 RTK Wy 3 4cMF2k L1 (L2 (L3 I ASFF i R i e
1.2.3 ‘EWpamReE

FEEAT T I 0 [ B, A b TR 2R T A BURE
LN W07 it A o S I T T = R = s I = 2 o
P AN IEAT R FE o DR i TG LA, 30 40 K A5 Ak T 4



172 PSS A1 M | = O 14 20184
116°0'0"E 117°0’0"E
T T
& &
o 5
n -
o on
" "
(2] o
= =
= S
Sl oK 15
%r] LI e 0510 20 3040km %t
i) ; o
- ! 0 4590 180 270 360 A fElA eFRRLIRHE —HFARLL
116°0'0'E L17°0'0'E T AITAER e FERIRAES —HEI2
—— AR o BRI RAME N — L3
BL TR IXORE A0 SR B R A 1
Fig.1 Map of study area and layout of sampling points

BUR KXICRE BB REA 20 3 28 5. A

40t
K2 Zouml

Fig.2 Multispectral camera

K3 A

Fig.3  Scene of aerial survey site

AN T 24 h = AE SRR, R BCRD, O AR 48 52

o BERRBOTE AR T R T R S A RE T I A
i TR, S T ok i AR (g/m®) Y
o 1.3 MW IEHEE

B TGOS R 50 SO R AL B AT
ARG AR G R AR B B R IR TR S R
JCIEFFERS R o A 4 BR8] WLOGHE A i
B2 A 5 B0 W W ig L 4y %) O L 450 nm Al
640 ~ 680 nm Ay HL Y i 7 B A0 2L B, W Wi i U
{E H BLAE 670 nm ; — A5 2K S i BLAE 550 nm
Ze A IR B O I B, G I I 2 3R R B i b o A
700 nm BT, 1 2 X R ) P 2R W AR B B, DA
It 550 nm 5 700 nm BT H F 9 1R BT A AR
W B, FSR W55 A G A 7 W S 1R 906 & A AU
5 213X 1] 700 ~ 780 nm S M- 4R FRAELL 1 P BEA 3 1
W B 3 2137 B 22 O T2 IR 8 RO F- 65 B I T i
XA DX ] BE AR UM A BLAE S IR K H UK IY

S REER AR IS AE E B AP A R 5T

WEFERS G 0 B, e e 20t R 4R Bk 3k | 39 A4~ &
KAE T H b F 4 9 & (Above ground biomass,
AGB) o AW G AP IE R EH W 1T mx 1 m
D7 5 B N G AT IR 2 BRI B 5 1 KA S i A
A IR AR D7 N B SBR B AT B PR R R S
158 o FISEHR 3 R B2 K1 I & R AR K B AR )
X5 A B T N EOR A R 7R SR = N
FEAE 105C i 45 T ARF | h, 38578 80°C1H i

06 — petint ‘
0.5 i3t ai/
L 04F -
¥ oal | szt
S A N B £
02f ! SRS
s Tl |
4(1)00 500 600 700 800 900
P /am

P4 R 52 i RO S U it 2k
Fig.4 Spectral reflectance curves of healthy and

stressed vegetations



5 8 1)

B G BT IR BRI X £ KA ) S S A 173

ZERAESE o Ho A B RGN, 200 2 1A
Jra s (L0788 ) , YA B 2 HUE 5 Y Ok e AR
F Wt 2030 0 2% ) Sy B B (R ) Y
780 nm DU, STLLAMBE B S 3R X R I 1 I SRR
B , A RS 780 ~ 800 nm BT B A RAE i B
254 DL B 6T i 2R AR R I BE Y 23 BT 55 A K

S 2 e AL AR 1 2 E L, I T A
IS UL ELAT 5 AR U5 B0 AL 0 B A 45 O AR B
F8 8, I M HERE E ) 21300 30 B AR W 2 2K )
o7 SRR P PR A L 0 O B A 1 B Bk
JEE A HE W AR K, LR U AR K 22 >0 K 1 A
TR BT R A S AL

:1 BOEZANKEEREYENEHREEAR
Tab.1 Vegetation index formula inverted from biomass
LERIE R s SCik th Ak
SR Pir’/Pr PEARSONRL % 1972
EVI2 (pnir =pr) /(1 +pyp +2.4p) JIANG 45,2008
NDVI (pxir =Pr) 7/ (Cpyir +Pr) ROUSEJW % 1974
WDRVI (apyig =pr)/Capyp +pr)  (0.1<a<0.2) GITELSONAA % 2004
MSR (pnin/Pr = 1)/ Coni/pr +1) 72 CHEN %1996
TVI 0.5 x [120(pyr —=p¢) 1 =200(pg —p¢) BROGENH % 2001
MVI [ (pyix =pr)/(pr +pr) +0.57"2 MCDANIEIKC %1982
MSAVI 1200k +1 = [ oy + 1) =8(pym +px) 177172 QIJ 45,1994
ClLgge PNIR P Red - edge — 1 GITELSONAA %5 ,2005
Clypen o/ pe — 1 GITELSONAA % 2005
GNDVI (pvir =Pc)/Cpnir +p¢) GITELSONAA % ,1996
MTCL (Pyir = Pred-cdge )/ (PRed-dedge = PR) DASH 4§,2004
MSR 4. (ovir/Pretedze = 1)/ (Prir/Preteeee + 1) WU %,2008
SR e PNIRY P Red-edge SIMS 45,2002
MTVI2 1L.5[1.2(pwim —pe) —2-5(pg —pe) 1/sqrt( (2pg +1)% = (6pyr —Spg'?) =0.5) HABOUDANE % ,2004
NLI (Pyir =pr)/ (P +pr) GONG,2003
NDGI (pe —pr)/(pg +pr) GEORGEE 2008
NDVI, . (Prik = Pred-edze)” PNk + P Red-cdge) GITELSONAA %1997

TE 2P NIR PR PG P Red-cdge TN RN AT LLI (L1 B (L1300 8 BE iy Uit %

5 BUAT B 5E b B0 2 B — b S Bl 52 L B —
5] 1) L A 0 ST S [) A 2 I E IR X R X
RAETCREAR 30N RIEI SR, MW A= A B0 52 1
B TR A, e TR 22 R AR B0 EORAE ) R
FRRH SC I R BT AR 5 A AT SR 45 R A — 2, Bl
PRAUERAT B G 00 B RS B2, 2 i 1153 22 FhAs B 48 5K
55 S A= Sy A A O O R AR HG s AR AT O %, B
TRCH: A S MR B I AR A B AR B E I S . 122
Tl B AR 45 95 RORR 5 A2 W R R OGP BB I 2
R A 415 50 1) A ST AR R 1P 5 28 ) mT R 2 {45 [T )3 7
FEATRE , A LERL B S BON AR W) 5 52 Wi 1) I 35 1
B L o , HE 6 [n] T 2R B A5 5 5 S B B SO AT
AR Rk IR AR RO A 2 ) R T 25 i ik
K+ ( Variance inflation factor, VIF) , DL 43 ¥ 1 455 i
7 i (] 1 22 R 2 5 A BEORH OGP HL W Y
D), I A2 o de KO VIF /T 10, B 2 S5 00 A8 #9E
B G 5 B 5 o3 R e DG AR w1 HO LA B A
RS T2 U8 AL ALK AL BP i 25 o] 2% A5
RUBEAT LG o

Vie=1/(1-R")

Vi —HE AR KU 1 T 22 I ik TN 1
R——H Bl K a] (9 A0 5 R 2K
1.4 HESHHE

FERF AN T, H TS I R BT M AR AR B 2
PUNISEESR R/ ISE IR AU B: B 2 €/ R S € 11
HAFAE S BE o O T AR AT RE AT ALE 19 5 A8
B e K Hhe 19 T R B o0 T 4 R 0K 2 A S S [
5 TR L %R A e A T U9 43 AT S 8k 25 A0 A
AR SR 1 % 22 RIAR T 5% 22 (EL e FR R A, e R B L
THRZER/NI 36 DMHEA . 3R 2 A BRHLZE 5 195K
TFEAS I FETHRFAE

®2 MUBERM EFENESIHFE
Tab.2 Statistical characteristics of AGB in

(1)
A

2

optimized maize g/m

FEAR PRME O WRE RME O ARMEZR bRiERE
36 862.95  1381.09  214.95 305.14  59.83

TEW & SRR A IS, DA AL B 19 6 AL 2Ok
T G R B IR, JE T 0..05 m 53 [A] 43 JE R AR 1F 5



174 & Ml

2 2018 4

1 1

SAZAE W 43 1% 36 A SEHbAE Iy L SR HUA AR
(AR B 4 50, 70 7 S IR IR Z I, e 4 i i e ) 4B
B IR AF 1 T8 05 K A W B AR G M AR 4 2R
ATV HE T, 0t 18t AH OC 1 5 A ) AR 9 4 EOF
DA . FIF SPSS 22,0 B ff X)) 36 > &
oK AR Wy st ST (B AT BE LA | 26 1D 26 SR S AR
FEAS 10 ME IR IR AEAS o B X ele i /i S5 A9 A 9% 4
B — oo T b R 2 0B B &k
[l BP fif 28 ) 28 1k EAT LG o R R 5 ROoK
A Wy e A G T B A AR R
L5 REEMFAE

T8 IR b 3 g A Y A R R e R R Y T AR R
25 FOAK RS B AT B AL 3 A A 3y, FLA AR A 0

> (a0, =)

R = — . (2)
2 (xi _;)22 (yz _37)2
(3)
‘RWSE
EA=(1- e )xlOO% (4)

AP ey vy 2R SN SRR R AU
AU I 5 o 0 ek DS s m S 6 AR 5040 119 2
fio Hh g REBC(R) Fom BRI 15 9200 F 1 00
AR HAEMOB T T 1, 005 75 B2 MR 5 307 MR iR

21600
£ 1400}
2012001
m 1000+
K 800

230 235 240 245 250 260 270 280 300 320 340 370 400 430 490 550
B S BUKH L m

260 265 275 285 315 375 435 495 555 615 665
FERSBUK LR /m

280 580

520

200 310 340 400 460

R S BUR AL EE E/m

(a) HRLL

#: (RMSE ) £ 2 T BB AE, S e 1 B DL 55 52
UL P i 9 32, L /) A TR 2 B 8 5 Ay 0k 2
(E, ) J2 X B 25 S AT (RS B2 A 36 B 2 43 DA, L
(BB S T 100% , 2 WY S5 38 A5 TR ) il 000 8 58 bt

%—[2410
2 FER5HW
2.1 REMHEERSHXR

TG T BR AS IX B R R R
25 11 25 7 3 78, BOME 8 S K 7 14 Hb X T K7 A
XL Tb TR 0 DX R b AE SR T R OKAE N A
1 ) T 1 A S5 R AR, ] 00 585 W) DX 4 6 728 T ik 55
A5 T MR K B R SR, S A B R
() 3 IV AT TR, LA %y T B 1 A
ot SR K E 178 2%, FR AN O TV, AL,
X R ML b R R [ AR B A o A SCE
KIS IR 3 SRR b B oK A MR R A
W B WA 55 B UK b0 BE B9 10 78 A0 B 30 1 4y
B, AT 00 3% 30 F SR A 3 B 52, B A A R
[F) i 2 F DL L 5 350 07 I A b 098 R RS ) A i
ST AL RE B FE | T oK A Wy BB R DA R
D5 UK FC B 1 T 480 2 R KB WS TR
W5 (R E AR — ML ([ 5) , BB |
MBSO b, R B e a3 5 ok
— 0, it L G T 8 R KA W (R
1 J5 R s 70 5 — (8 (I8 6) o 3 U3 W) 7 SR M8 UL 4

50

B
) W2

230235 240245 250 260 270 280 300 320 340 370 400 430 490 550
S SBUK IR ES /m

260 265 275 285 315 375 435 495 555 615 665

FEA S BUK O EER/m
(b) FE£RL2
50
é 48
iz
Basr
44
280 200 310 340 400 460 520 580
FES S EUK R /m
(c) FFEL3

BlS  RAEL B FORAEYE 5 R e B IR B B L e 9

Fig.5 Changing trends of maize biomass and land surface elevation with distance in each sampling line of corn
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3 AEAEEEHSERPERMEEYEN
HXBEH(n=26)
Tab.3 Correlation coefficient between different

vegetation indices and corn aboveground biomass

at filling stage(n =26)

Ui TR AR R AL
SR 0.81*
EVI2 0.60 "
NDVI 0.83 "
WDRVI 0.83*
MSR 0.81*
TVI 0. 64"
TVI,, 0.73**
WDRVI,, 0.90 **
MVI 0.84*
MVI,, 0.91*
ClLge 0.90 **
Clyeen 0.80 "
GNDVI 0.82*
MSAVI 0.63 ™
MTVI2,, 0.88 "
MTCI 0.88 "
MSR,, 0.90 "
SR eige 0.90 "
NLI,, 0.80 "
NLI 0.77*
NDGI 0.61*
NDVI,,. 0.84 "
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SR 4, JMSR,_ . KZ,R* 3 0.79, A48 B0 814 5%
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(SR 3 BT, DRI, 22 728 S A S A R )V 7 5 210 30
R AR) B2 E R 315y [N 3 3= AR A SR AR).
B A A A5 H8 B A — 20 4 m AR (R RS

MR 5 maE R, yHRER Jo A BB n] B8 H 3
A G B HL 2 B A T B Y 1 3 1 2k HOFE B 0T
[ 1 R TR K R e e ) 21 300 4 B MV, i 7 2 ] 3
LNV S B A5 £ NDVI GNDVI 1 )y £ 5148
AL Z IC I A F BP i 2 0 £ J Je A5 Y
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TR AL AR 5, 43 0 R AT Z o0 Bl )5 BP A
25 W 24 7 1 TR e IO v i £ 1 P AR A, v
BT AR O A b SCHR Mead (3R 4) 598 ] SPSS
22.0 BFH T AL 5 T A 445 R] R #EAT MLR
Gy AT 5 L R ] Matlab R2012a #14: 2 72 44 1 £
g AP AEZH & 15 BPNN BCAL, 73 53] Lo &8 BT 45 31 1Y
MLR \BPNN £ 7 ff) e 78 Z BORI 358 22, 0 3 1 4% A 1Y

BB R A I 3 T 58 SURAIE 250 AT AR A
BAE (% 6),
x4 BHEBEHMEXREDENHEXREE (2 =26)
Tab.4 Correlation coefficient between 22 vegetation

indices and biomass(n =26)

LRI R AL [T 1 N

(R*)
SR y =49. 74y %! 0. 65
EVI2 y =6794x" 40 0.39
NDVI y =783.37x % 0.68
WDRVI y =241.91e> %" 0.67
MSR y =111, 89x" 6044 0.56
TVI y =359. 51" %% 0.41
VI, y =1354. 6" 0% 0.53
WDRVI,, y =11 26065 4488+ 0. 80
MVI y=1.1813¢ 705" 0. 69
MVI,, y =0.928 4¢ £ 0. 81
Clgge y =750. 36x" 1836 0.79
Clyeen y=79.015x" 1014 0. 64
GNDVI y =2290. 5+ %! 0.68
MSAVI y = 140. 88> 07 0.40
MTVI2,, y=0.149 5lnx - 0. 896 5 0.77
MTCI y =0.032 45”47 0.77
MSR 4, y =0.018 450508 0.79
SR edge y =119, 562> %3 0.79
NLI,, y =956. 81> 537 0. 64
NLI y = 168. 24> 2184 0.59
NDGI y= —27232x" +14635x - 1014. 6 0.38
NDVI, 4 y =4 865x" %08 0.70

RS MEIXMBRFNEREHEANTERKETF

Tab.5 Variance expansion factor among well-correlated vegetation indices

NDVI MVI ClLgye GNDVI MTCI MSR,... SR, SR MTVI2,, WDRVI,  MVI,_
NDVI 100 3.6 6.7 2.7 3.8 3.7 9.3 2.9 3.8 4.1
MVI 3.6 6.7 2.7 3.8 3.7 9.3 2.9 3.8 4.1
Cl e 5.6 66.7 100 100 3.1 21.3 99. 8 21.3
GNDVI 3.9 6.1 5.6 6.7 3.9 6.1 6.9
MTCI 89.7 66. 7 4.7 27.1 87.2 76.5
MSR, 4. 100 3.8 23.2 97. 1 80. 7
SR cage 4.2 31.2 90.9 97. 4
SR 7.4 3.2 5.1
MTVI2,, 20.8 16.7
WDRVI,, 71. 4
MVI,,

®6 EMBHHESRIE
Tab.6 Biomass estimation and verification
L Lana & LB IE
B8 B HEA . RMSE/  BeA . RMSE/  BEA . RMSE/
S EL (g'm™?) M (g'm™?) N (g'm™?)

MVI =S 26 0. 80 185. 69 10 0.54 238.95 36 0.73 218.26
MVI. GNDVI NDVI  Zyg[u1H 26 0.73 171. 84 10 0. 47 208. 32 36 0.71 196. 81
MTVI2,, GNDVI BP #fi 2 26 0.83 168. 09 10 0. 64 178.72 36 0.78 177.23
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Fig.7 Relationship between predicted and measured values of biomass
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Tab.7 Statistical analysis of surface dry biomass of maize

at grain filling stage based on BP model inversion
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50y (grm~?) H /%
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b R R R Z R Z I, T X A
% I8 T Hh R RV R 4B B S 4 L 15 S Ml R A R R
FEA S sl FANR o B b 2 B B P B Y
B4, 58 HL RN R R IX 9 K35 o R SR 6
ERGBA HE SN EAR - P T ERKAER,
3 itig

W T X 32 SR B 2l b 3% © BE AR 38 B AR T H 32 40
b b EOKJE THERM, KR T A, EXREY
T DUAR G 3 S e A 0 1 7 A O, 1 — 4 o BB
L5 S PR L o R FH T 00 A 3 R A% R i TG S 0
B XV By o 20 B A B AT SR . 1 AR Y
BIFSE R, I 1 K AR K 45 A Bk 39 7] 25 o of [ 4
17 I8 AL 22 516138 52 A RN b T 5080 R S i — 2D 3
¢ 10 T ST N W v A A AR o R B R L
T b TR LIS AT 220015 B R B A AT,
I i R SRR A 7 AR TR A S i

PUREWT T FORG B $2 g o (EUR il Wh s B, i F
REF0 2R T RO S A) A A 25 5, EORAE )
i TE A T SR 450 580 DX e 5 30— 1O 8 B, el 25 g
K TR A= W B B T R DR 10 B B (2 T — 20
EILES 38

15 B S S 3t R A R S R, A BT XA
FLBE R o A 5 22 R AL, i DT 0 A9 07K A 1 3197
AR ) 1 2K R A SE KA, e R KB R
(9 TR, BRI RBETE T A A 3t 25 R WL £k
EEORAEY R A S T BT R R R
i TS EORS BE A B o PR G B R L £k b i A A
BRI E RSB Ay AR 5 S AR P bn AL (5
—Ab MRS 2L R RO R R R
— W TAERY A

4 £

(D) TEH KRB DUG 2 2 AR S B, 40
D BRE A — R R A RS B, W
1 X A5 GE S OB 5 LT e B AT A A b
FEECS EORA R A A O R B = 0. 06 ~0.27 , fifi
VA B R 56 M J A 1 20 3 45 Bk MV, 44 HE 1Y T 4R
OB e 2 R R 158 0,81, L H At 4 B
0.11 ~0. 15, FF7EpLHfili b, HEPR 2 B IL Ltk #y
Z OGP R AR BP s I 45 AR, o LA B
MVI, (GNDVI g 3Ltk i) BP i 25 [0 2 450 7 gl 52 72 K
R* 23 0.83 T2 5 #2500 178.72 g/m” A K
FERT9. 4% 3 A48 bR BRI  f A, R HIZ Y
TR T A A R T K AR ) i e SRR A R (R

(2) B F A BRI R MEME A AL T AF b 3%
SRR BB b 18 £ 2 TR R A A, 25 SR e I < 8 K
T8 ARV ARAT (B 5 X SR S0 Bk b, T K M R A= )
43 (] 4 A A 50 5 b TR R A ST A R — B
I8 X N A K 74, 4% 1) T K A W) 2 43 A 7E 592 ~
1050 g/m* 2 [i], 21. 4% ) 3 K A= 9y 4 45 b 43 A 16
592 o/m’ DIF 4. 2% 1 F KA W 43 A 7E 1050 g/m” L),
Fo A A b T KA P i S BT A N S 1)
NGB IR XU T ORI E S ok A
Py s AE Sk o Hh R R B IR B R ] R 3
HMLZE £k AGB WA 76 1B 2 22 =, A ik ok
3 — i 5 XD O R o 4 SRR L i
0] Sy [ 2 70 il v v K O A X A b 4 S T
WM R R 5 A S B E FR AL a BoE 5
WA

2 £ x W

BRI, B RN E ——Fh il R A B AR S SR [T]. R 2# R ,2013,41(9) 178 ~ 181.



5 8 1) B G BT IR BRI X £ KA ) S S A 179

10

11

13

14

15

16

17

HU Zhenqi,XIAO Wu, New idea and new technology of mine land reclamation: concurrent mining and reclamation [ J]. Coal
Science and Technology,2013,41(9) :178 — 181. (in Chinese)
B, ERAE, E L B KA XA S S 5P [T ] A 25224 ,2016,36 (17) :5611 - 5619.
XIAO W,LI' S C,WANG Z,et al. Ecological risk identification and assessment for a coal mine with a high groundwater table[ J].
Acta Ecologica Sinica,2016,36(17) :5611 —5619. (in Chinese)
VENKATARAMAN G,KUMAR S P, RATHA D S, et al. Open cast mine monitoring and environmental impact studie through
remote sensing—a case study from Goa, India[ J]. Geocarto-International ,1997,12(2) :39 - 53.
CHRISTAIN F, WOLF G B. Monitoring of environmental changes caused by hard coalmining, remote sensing for environmental
monitoring, GIS APPlications, and Geology[ J]. Proceeding of SPIE,2002,78(46) :4545 —4560.
FREW, AR, Ll R T X 5 K R A R KR B S [ T] . B4R ,2015,40(12) 12927 -2932.
WU Xueqian,ZHOU Dawei, AN Shikai, et al. Evolvement trend of land and water systems in Huainan Panxie mining area and its
countermeasures| J]. Journal of China Coal Society ,2015,40(12) ;2927 —2932. (in Chinese)
B, FREEZR B IREE. 25 i R LR BT A i ISR BETT AT A 5 S8 B [T ] AR B2 B0R ,2017,45(7 ) 184 - 189.
XIAO Wu,CHEN Jiale, HU Zhenqi, et al. Feasibility analysis and practice of constructing plain reservoirs in high underground water
mining subsidence area[ J]. Coal Science and Technology,2017,45(7) :184 —189. (iin Chinese)
B2 1 I A, 25, 5 VR K S I s 00 48 b Y BSCE 55 H A AT L] ARl DA 241 ,2011,27 (1) 2243 - 249,
ZHAO Hu, YANG Zhengwei, LI Lin, et al. Improvement and comparative analysis of indices of crop growth condition monitoring
by remote sensing [ J]. Transactions of the CSAE,2011,27(1) :243 —249. (iin Chinese)
AR, 5K TC, B SCEE A R T IR LR IR 5 A WA RO 2/ 2 B B BRI 1 [J/70L ] R HLBE A% 42, 2018,49 (4)
212 -221. http: / www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? file_no = 20180424 &flag = 1. DOI; 10. 6041/j. issn.
1000-1298.2018.04.024.
NIU Yaxiao,ZHANG Liyuan, HAN Wenting, et al. Fractional vegetation cover extraction method of winter wheat based on UAV
remote sensing and vegetation index[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2018,49(4) :212 -
221. (in Chinese)
BRSCEE ) AU AF I, SF L T ML R 9 B K A RS BRI B BT L J/OL ] 4l HLB 4R ,2017,48 (1) 1139 -
147. http; // www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? file_no = 20170118&flag = 1. DOI; 10. 6041/j. issn. 1000-
1298.2017.01.018.
HAN Wenting, LI Guang, FAN Mengchan, et al. Extraction method of maize planting information based on UAV remote sensing
techonology[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2017,48(1) :139 - 147. (in Chinese)
M, WIRBE IR DS . EAHLB RS XIS b s B s R[] B E ST ,2017,26(6) 171 - 78.
XIAO Wu, HU Zhenqi, ZHANG Jianyong, et al. The status and prospect of UAV remote sensing in mine monitoring and land
reclamation[ J ]. China Mining Magazine ,2017,26(6) :71 —=78. (in Chinese)
PR POMK B B SF L T T MBI S AR 00 O S & Fop R T T AR B T [ 170 1. ARk AL 2 41,2017 ,48(8) -
147 - 158. http;//www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? file_no =20170816&flag = 1. DOI; 10. 6041/j. issn.
1000-1298.2017.08.016.
LI Changchun,NIU Qinglin, YANG Guijun,et al. Estimation of leaf area index of soybean breeding materials based on UAV digital
images[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2017,48(8) :147 - 158. (in Chinese)
FET P B, BEAA 94, 6 DR B, 55 . 4 T T8 AL RO 335 I B0 HE A A M 4 3K 3 B BRCi [T/OL ] ROl LAk 2 41 ,2016,47 (11)
285 —293. http: // www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? file_no =20161139&flag = 1. DOI;10. 6041/j. issn.
1000-1298.2016. 11.039.
TIAN Minglu, BAN Songtao, CHANG Qingrui, et al. Estimation of SPAD value of cotton leaf using hyperspectral images from
UAV-based imaging spectroradiometer [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2016,47 (11) .
285 —293. (in Chinese)
N G TE, BERKAE,F TR/ EZ KRBT AN [T]. Rk T2 ,2017,33(20) .74 - 82.
PEI Haojie, FENG Haikuan, LI Changchun, et al. Remote sensing monitoring of winter wheat growth with UAV based on
comprehensive index[ J . Transactions of the CSAE,2017,33(20) ;.74 —82. (in Chinese)
Tt AT, I 4, 2 M, 2. ) 22 AR HT — CCD 2 82 AG I I 6 KORs JUIE 25 18] 20 A [ 1] R0l T2 240 ,2013,29(14) ¢
156 - 163.
YANG Fentuan, GU Xiaohe, LI Gang,et al. Monitoring spatial distribution of armyworm disaster on maize with multi-temporal
HJ — CCD images[ J]. Transactions of the CSAE,2013,29(14) :156 - 163. (in Chinese)
KROSS A, MCNAIRN H, LAPEN D, et al. Assessment of RapidEye vegetation indices for estimation of leaf area index and biomass
in corn and soybean crops[J]. International Journal of Applied Earth Observation and Geoinformation, 2015,34 235 - 248.
JIN X L, YANG G J, XU X G,et al. Combined multi-temporal optical and radar parameters for estimating LAl and biomass in
winter wheat using HJ] and RADARSAR -2 data[ J]. Remote Sensing, 2015,7(10) ;13251 - 13272.
FRER, A RNBUR] A5 R[] A F FOK S R B R RLRE SR [T ] rp RO A2 ,2017,33(20) - 74 - 82.
WANG Xiaohui,ZHANG Lei, LIU Shuangli, et al. Grain filling characteristics of maize hybrids differing inmaturities[ J]. Scientia



180 | 1 R A= 20184

18

19

20

21

22

23

24

25

26

27

Agricultura Sinica,2017,33(20) .74 —82. (in Chinese)

Bili B, A% B RENR K, AL T 22 A8 T A LGB SRR K T b A e R [T ] R REAE,2017,36(1) 141 - 50.

LU Guozheng, YANG Guijun, ZHAO Xiaoqing,et al. Inversion of soybean fresh biomass based on multi-payload unmanned aerial
vehicles (UAVs) [J]. Soybean Science,2017,36(1) :41 —50. (in Chinese)

FUGE B, B/, SR P OGS R RS AR B S 3R e RS B R R e PR A [T ] 6k A 506 43 B, 2015,35(4) ¢
975 -981.

JIANG Hailing, YANG Hang,CHEN Xiaoping,et al. Research on accuracy and stability of inversing vegetation chlorophyll content
by spectral index method[ J]. Spectroscopy and Spectral Analysis,2017,35(4) :975 —981. (in Chinese)

X Pk, 4228 B, A5 BT i G IS AR AR B0 B K b T B A SR B Y [ T/OL . Rk ML % 4 ,2016,47(3) -
254 —262. http; // www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? file_no = 20160336&flag = 1. DOI;10. 6041/j. issn.
1000-1298.2016.03.036.

LIU Bingfeng, LI Jun, HE Jia, et al. Estimation models of above-ground dry matter accumulation of summer maize based on
hyperspectral remote sensing vegetation indexes[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2016,
47(3):254 -262. (in Chinese)

SR BRI 3R B T BURE BOR IR IR S [ D] B P AR MR B R A ,2014.

YUAN Yuan. Chlorophyll and leaf area index estimation based on hyperspectral remote sensing of summer corn [ D]. Yangling:
Northwest A&F University,2014. (in Chinese)

SR, £ SO A BT IE AL 2 0 1 8 SR R K S SO B AT [ J/OL ] Al HL A 2 4% ,2018,49(2) 173 -
181. http; / www. j-csam. org/jcsam/ch/reader/ view_abstract. aspx? file_no = 20180223 &flag = 1. DOI;10. 6041/j. issn. 1000-
1298.2018.02.023.

ZHANG Zhitao, WANG Haifeng, HAN Wenting, et al. Inversion of soil moisture content based on multispectral remote sensing of
UAVs[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2018,49(2) ;173 —181. (in Chinese)

SCBE 2 RAE BB, KT WIE)E 20018 SO 2 5 R Bt is i [T ]. Aol TR 2447 ,2015,31 (3 ) 2) 2193 - 199.
WEN Yao, LI Minzan,ZHAO Yi, et al. Multispectral reflectance inversion and chlorophyll content diagnosis of maize at seeding
stage[ J ]. Transactions of the CSAE,2015,31( Supp.2) :193 - 199. (in Chinese)

FEE, S E AR, LT LR AR [ H 5k /N &2 it fr SPAD {BE A S [ J/OL ] RML ML 2% 41, 2015,46 (1) -
259 —265. http: // www. j-csam. org/jesam/ch/reader/view_abstract. aspx? file_no = 20150136&flag = 1. DOI;10. 6041/j. issn.
1000-1298.2015.01.036.

WANG Liai, MA Chang, ZHOU Xudong, et al. Estimation of wheat leaf SPAD value using RF algorithmic model and remote
sensing data[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2015,46(1) :259 —265. (in Chinese)
VRGP, S~y B e 56, 45 BE07 KA DX UTRE 28 48 X0 L e R P AR B AE KR SE R [T ] v B AR S R Mk 2% 4k, 2015,23 (5 )
597 - 604.

XU Chuanyang,MA Shouchen, ZHANG Hebing, et al. Effect of cracks on soil characteristics and crop growth in subsided coal
mining areas[ J ]. Chinese Journal of Eco-Agriculture,2015,23(5) :597 —604. (in Chinese)

BET XS KA. BT AR R AL S 50 Morlet /NP TH M )7 i [T ], B PR %44 ,2010,33(1) :1 -

TANG Baoping, LIU Wenyi, JJIANG Yonghua. Parameter optimized Morlet wavelet de-noising method based on cross validation
method[ J]. Journal of Chongqing University,2010,33(1) :1 = 6. (in Chinese)

Fh2E KRBT, S BT = A N NS Sl 5 R 8t SO0 R B BE e L [ T] . Aol TR ,2017,33(6) 1265 - 274.
HAN Mei,ZHANG Cui, LU Guang, et al. Response of wetland landscape pattern gradient to human activity intensity in Yellow
River Delta[ J]. Transactions of the CSAE,2017,33(6) :265 —274. (in Chinese)



