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GEA PR T R RS R . B G AL
AR S B AR A BT VA R, N S
A LAI R E WG 2 . CAMRUESE, #5 X
Y1 6i% 4L ( Analytica Spectra Devices, ASD) 3f
BSUA b TED 7 Y S L {EAR B 45 41 (Ratio Vegetation
Index, RVI) X EOBEB B LATHUI 68 J) 48 T T
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%3 X, Bendig® ! S EMB 1 3R BUIE 1 2% 1
%) ( Crop Surface Models, CSM ) £ HU/EY)
JZE B, S5A 3R] UL XA W HOR Al S A
Wi, RIZITEEERTI TS, HAEK S
MR AAE . AT WL AE B WA TS B e
N A I E G R (D O D NRA R /b 4 ()R pus
FE, RECT s BOERL . TR ARG JEW L
NDV L5 FIJE AL 1 158 8 55 48 8 75 %% ( Optimization
of Soil Adjusted Vegetation Index, OSAVI) , L
A B DM RO B AR RN R 2
JULR M TR A S7 56 ER?=0.727, RMSEN
0.145; 22 XEUFR*M0.714, RMSE40.393; fF
AKEN CEDSOR S ), W Trkmiae . Xt
YRS, RN EAE B SR, DLARD S DG
W AR BOHE ST A A R DA B R, Al ST B UE R
0.698, RMSE}0.238; 22 XEIER*H}.697, RMSE
70.386.
3.2.2 fEWEFRIEIR G VR 8 TR W
D55 238 o T R ORE . A0 Ar, DL2 s 57
Pimiaidabs (M. ARS) MEa, mI AL
32 SR DU 5 AN [7) 1y o LA R S 1 06 135 s S R WS R
TESEATIZ W o 3 28 1) W 00 A 4 2 JHE 8 W] DLl
BEA PRI, BI640 ~ 663 nmIR£LGHE 20 Fl
430 ~ 460 nm 1Y ZOGI T, MAES50 nmAb IR
550000 MEM B, MR EE ., SOAR AR &
b, AR AS [R] G 2817 450 X 7 B B3 € RN S0 Y G T T
F BOAR SRR B SR M i S 10 L HAE KR B8

http: //pedologica. issas. ac. cn



4 1 2o Al Jo A ML B AR AR B W rp s o FH 777

WEI RN, FRAE D BE AR 4 50OR T 00 A AR 1 3
WIHSERF IS0 EE N2 M550 T X205 H
FREL . BOHRFIEEE ST AN [F] 23 2 A ARG B R (Soil
and Plant Analyzer Development, SPAD)JHliljf
R, AR BORHIE 5 32 UG T, Fa o
25 TAREAH AR W98 30 & BAE J R AL B[]
ﬁm%%%ﬁ\%ﬁxﬁﬁﬁﬁ%%%ﬁﬂﬁW%
o TERMEZTAEMBIIET, Arai%s S FIHITEA
Mﬁﬁ% AR WIS it A A, iAok A
BFE], A CRAEAS I B [l i B s ik i, 3 4
AT AR o AE R A% AL R AR R AT ARG TE
ESI R MO 20O RSB R, BRI
WA S B A SE, A e 2O R
B B A RRE . BERE . AN TS %5
5T DR AE M B A AT B o Bk FE AR R
SRTAL BIURE TR R 2 I 2 R
3.2.3 fEW P2 A AW 7 i A A
B 2 H bR, HERA AL I X AR Az R A
U RBIHIAEEEL., REWREHRTZ
PR 22 0 P g 7 O ORGSR A A R T
U0 P A DO A R T, AL
JCEMARTEXAR . K0, % HEENDVI
57 R AT A DG A B s AH DG 1R R P Y LA I
] Y0 BN i e, A ZRpEmE . k. =kl
R or i 5 e A, bRl ST R S A A AR
MY EE SR, A3 T P g O K e A A G 6 H
A8 A A4l AR AL, HR=0.771, Xt
WEHN4.06%, RMSEN0.474 t-hm™, XJNjHY
A6 J7 B AR E 0 40 BE R R At BN o X I PR
s VB U 2 R T W G SRAE I L, TR
23 ] RUBE B A i i Bt . R F s e/ — 3 [l 15
Fa AR B A8 405 e AR R 3 ek A TR Ty AR A RO
1 Hh AR f a3, 0 #r e I 2 ) IRUBE T AR SR A /N
AR TE L, B 20 o SRR 25 M B8 S A/ IX K
Si L B4 T4.25 « SHI4.5 © SIF, Al S R o5 oy o
W (r=0.8117) .
3.3 {EMEKEETF
3.3.1 R HE A 37 1 AL Ak
FTWEI . AR B SR X, P R AL S AT R R
ﬁWﬁ%mm%K%&%,ﬁﬂ%@ﬂLEVﬁ,
iy R IR ARGE RN, R 5 R R IR T, Mgk
T BE T UCH R e SRR . T R B E g T

7 (8 7K 3 1 36 8 BOnT AR AR A P K e TR 1
KF, PRI o PALT AME A A B 5 23 W B B v
J A K ARG 5 4 sRE 4 7 56 /N B IX
AT LA S R ) B K gy, LR R
KA, Z PR ARBNE, I R T iR
JE 2 @ﬁﬁﬁ@%ﬁ%i%m%mﬂﬁ X 7
FEREm N, WEEN R EEN TR E
A FFE B B VR R 5 R O O R AT
THETE, BT AR BN R R RS B
HR 2200, 8 ELS R AR EK i 2
o T W ZE AR B o AR SEBR A A A B,
] 7K 5332 T 15 LA SR B OCTE M A, © A SR
FHET A S AG A W I W U T K 438 U, WG B ATk
930/ [50-52]
3.3.2 ﬁﬁ% AT 2T A0 1% B 38 23 W il
Yo 3, HARPEZ . mh R AE T LD AN X S a2 1
4 2H SV 2 2 (e BRAR 40 3 A A 2 2] i
FE 7K A3 R E%ﬁ%%aﬁMﬁ%w,ﬁﬁ
YizE, R MBI, HEEE, KR 2
>, ﬁ&Mi%fW“EEME%O

FIZT A W00 b s 2 WA A L 1 o
TR MMRIERESME T, FEmdEHnt <AL
TR T2 B AE R T, dEdr B BRI FR e
EZRER, SRERBEAAL, WERY-FEE
VR HR g S 40 X5t R 400 B 55 T %%%ﬂ%%ﬁ%ﬁﬁ
PR 5 M) 2 PR A AR G o T BE I TR . — T &, &
%ﬁ@é@ﬁmﬂm%%ﬁw%ﬁ,lﬁﬁﬁzﬁ
() 7% B VE FH s T A B DX 3, HE B A0 28 B 1 25 3
R X SRR T R, MR 2R IER M A, B
F0F R FE T BUIRFEBE 55, . YRBE R A7 1Y 41 i 5¢ 4 5E
TS, ZA ARk, BETF T,
R 0 R A 2 TR LR B, or LA T I 22 46
K TR

2 [ Al 5 4 HL 2R M S 4100 2256 1% AHAIL 8 B
FRAERAAR , R FHZougeth Bl M GE 2 07 sk o
b AR AL T L, B RN XA AR K AR
4F, BT RIZ O XA AL AR R B SE T, Mg
JEEWL, T DA AN Bl B, WAR TS
A P 7 &b 7 PRI AT I 2 1 2
3.4 HifE2

FEAR F A BN DA, JE A HLIE Sk i A o
PR . e A 2250 S AR AE B R R ER

http: //pedologica. issas. ac. cn



778 + %

¥l

56 &

AL R FIND VIS 50 WA 16 B I A 2
PREIE AR LAY I 7 R I AR D7 P Rl A Rds S A AE
I 94 PR IO WS G SR 25 BE R A T L AR AR
FTHE 00 55 4 B A 50K, AN T2 4 JC AL R A
B RN A, RACRE B . B el
KRR L IR H

4 AFAEIRE S K T 0]

H #i A JC AL I A F A5 S A A T 2 By
B, AT CAT G R0 & . RS B T AT
AN TE) i LR S R A2 L b RZR G
N 7 T B ORI s . e, EANLEY
— WA AE &, R AR A B
FENGIRET) . H 2 ATHOR SRR MH 2y, HIEK
AR =S BRI R AA L b s B R EAED A K
B BEVERS 5, A BB ZE 0T TR P i A T A 3K
B2 5e; 28 m B AWLERE LB AL,
ELAR IR BB v o 7043 S B0 22 R AR08 A 27 45 0 A
P A 0 SRS R ot /D P 1) A B R A B R
82V 6, EREEE . SRR A RUE B R RESE 4
KA
4.1 FHEREZH. KEANEANERES

R M TC AN 6 5 U 9 15 1% 28 L B0 T 42
AR AR B I K- 3 CE K, ER H At e AN
A S R tEE 2. ZRK. BIWNSEES K
SRR A ) RO B R E R A, Had AR
TN TR, H2 7 IR A AR T W4 P
H )z . BRTHFE R, TR EEZ
FNFE KRR, 7 AT EE i TP 2% 18 T K
Yool WEASEAR S R4 i R T [ P B AT R
) W eSii ) WG KR EU N GLAE R SR
GE AL MR B AL T B ABLEERAE 5 0 H
A, FREXTF7 kg N, ®ATFE4E500 myw A .
FEE120 mUA T TC AMLARAE B , (HRIT4R
() RAT 25 SR AR B4 32 A G T I W4 . BB E N
BLARE Ko, HHOCEOR dAT T I 4 .

4.2 1EMEKIE R B EAM TS E

Xof A AR S W e/ FEL S A S, Y
AU FE A7 72 138 3l (), e TR AR KA DAL T 3
AT, AR BAE K SHS E S B
e RIAAAR, B — s DO A B W EY A&

KRR AT El PRk Bildn, i TR AR
A IAE IR R], AR R A e A ) A I 5 R
BRI BB L i, X TR
SR, ANIE I AR v AR R 2 S,
B FAEY AR RORS S G, TR —ARKS
BORF AT SO d S T 2 4R 700
WA o B
43 ZREBEHNEENA

LSRR 1 e SR e L e s R A P R
W A TR 1) 2 A T A\ HIL 288 i e ey ] Y 44
i, B S B2 PR R A A BAE S . dnfrps
AFERAE B LA, e IR, 40 R
WHDE T B RE AR HAl, ©fH0L
TIB AL, SRR BERAAL . BB Ot
RS A E AL IR Crop3D -, bk E . M
LI S SN N D RS R (2 7/ F 3o N T
1 22 DR BRI Y BB, S e A R R A
L Ol B DR AL A W AT RO SR
WA SRR S ROt R a &, Rk
OGS H, LA BT RAG S %
1H 22 PRBCHE 255 T B9 75 1 A0 BB AR RS BR - gy
S s B AL BRI 5 O B B R 5 B AL
TSRS S T TR R R S, R
RABEIE R
44 SHESMEEIMLESERESEA

FHEC TR B, A bR o 0 6 DX A 0
B EYPIRAS A AR SCNE B o 2 TR Bl e R0 i J
ARk, T AR FES A JC AL S 5 4 25 8]
o P, RIS ZE R BRI, 18 RTERA
KA X oY . BRI &, ARBCR A B o X
TEEAF R, X TR THEY R B N KA S PR
Ko HEG, BERHET A ILEEOE K Rl s 3y
RUUN 50026, Bl THZ PR, SCBRH]
HAEAEA A TR o R ) R A A T ol T e
AR, 1R S 52 B BRI, AR I
Sy ZNEAF R T, KW 0 23 [ 4RI A [R] B
TR IR S 32, KA B TR R L ALE
XS VEYI R 43 HERE 00, SR A FH XSl SR o 1) 43
) el

n gy ok B AL SR M A A o AR AR R iR
B IR JC i S B BN P B AR, fe Rk
2 (S W[ RE RS b SN N UL/ N ST 5 SUN

http: //pedologica. issas. ac. cn



4 1] S o AP B A

S ) O A 779

PR b B 15 B9 T R JE R e 2, A SO L A A
EHRE I, AR A A

5 45 iR

J6 N MLz A S — Fh B B0 g 4 i) L B ) 4y
PR BT A, e I BT Hh 4 BFF 5
NI %ARI, BHATHAAEA DR, (A5%&45
b TRT S A5 A TR £ s e W AR L, I A AL SR
T 23 1) ROBE FIORS B O 44 2, JUHGE A P U AR
HH B0 (5 B PR B, 7EaT DAL g Ak, it
TNHL AT . ML E UG BOREH AR | Bdiiz
i A AL A %%ih&ﬁ%A#ﬁﬁ%ﬁ%%
e, TC LR AL AR AT EEAE A M AN G40 35k 75 )
Bz EHRAMRN

2 % Xk

[ 1 ] Pierce FJ, Nowak P. Aspects of precision agriculture.

Advances in Agronomy, 1999, 67 (1) : 1—85

Zhang N, Wang M, Wang N. Precision agriculture-A

worldwide overview. Computers &Electronics in

Agriculture, 2002, 36 (2/3) : 113—132

RN, R, RERZE, . K ANLEBEEARRE

B H. MR, 2009, 34 (5) @ 214—215

Fan C X, Han J, Xiong Z J, et al. Application and

status of unmanned aerial vehicle remote sensing

technology (In Chinese ) . Science of Surveying &

Mapping, 2009, 34 (5) : 214—215

;ﬁ%ﬂ BELEE, BT, G5 RERMLBOR K R 1 RT
BERELRE. ROL TRAR, 2003, 19 (4) : 7—

12

Zhao CJ, Xue X Z, Wang X, et al. Advance and

prospects of precision agriculture technology system

(In Chinese ) . Transactions of the Chinese Society of

19 (4) : 7—12
32 SR R A T Ay
2011 (3) : 1—

et al. A review and

Agricultural Engineering, 2003,
[ 5] 4k, R0y, fhdg, 4
JHIE R B JR R [ A e i S
Meng J H, Wu B F, Du X,
outlook of applying remote sensing to precision
agriculture (In Chinese)
2011 (3) : 1—7
e, BRE, kAR, SF JC AL O S N
fBE. EIEEAE B, 2009 (1) : 88—092
Jin W, Ge HL, Du H Q,

. Remote Sensing for Land

and Resources,

et al. A review on
unmanned aerial vehicle remote sensing and

its application (In Chinese ) . Remote Sensing

(7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

Information, 2009 (1) : 88—92

UM T, WYL, Tars, A /NELCAMLLE AR Wil

TR S . RALEBESE, 2015 (4) = 261—264

Jia PY, Feng J, Yu L B, et al. Research on the

application of small UAV in the monitoring of

agricultural situation (In Chinese ) . Journal of

Agricultural Mechanization Research, 2015 (4) :

261—264

g, edkiz, wiRsE, % R B R HAE

KA PRy . A S AR, 2004 (1)

3—6

Bai YL, JinJY, Yang L P, et al. Technology of low

altitude remote sensing and its applications in precision

agriculture (In Chinese ) . Soils and Fertilizers, 2004

(1) :3—

f“JIIJ fﬁ;@fﬁ%)\fﬂlﬂifmﬁﬁ Lk, Juat:
S S T T AR, 2017

Nie S. Design evaluation and evolution of Multi rotor

UAV (In Chinese)

e Tl

. Beijing: College of Electrical
and Control Engineering, North China University of
Technology, 2017

A NI NG S4EH]. TR SRR,
2017 (1) : 133—134

Zhang R. Structure and control of small UAV (In

Chinese ) . Electronic Technology & Softward

Engineering, 2017 (1) : 133—134
R, KA, BT, A FETEGERAE SR R T AL
SYERUHRR. ST R, 2017 (12) @ 2225

Li N, Liu P, Den R B, et al. Three dimensional
path planning for unmanned aerial vehicles based on
improved genetic algorithm ( In Chinese )
Simulation, 2017 (12) : 22—25

WL, X, Temuk, AR, IR TR Ol A
AL IR 7 SR . BT il TR, 2018, 26
(12) : 157—161

Yang F, Liu R, Wei Q Q, et al. UAV path planning

. Computer

based on improved chaos ant colony algorithm ( In
Chinese ) . Electronic Design Engineering, 2018, 26
(12) : 157—161

Elarab M, Ticlavilca A M, Torres-Rua A F, et. al.
Estimating chlorophyll with thermal and broadband
multispectral high resolution imagery from an
unmanned aerial system using relevance vector
machines for precision agriculture. International
Journal of Applied Earth Observation and
Geoinformation, 2015, 43: 32—42

BEPE, Mo, XVENl, & FET AN E LI
23 () ROBEA AL B R S i Al 3. Al TR 4l

http: //pedologica. issas. ac. cn



780

+

il 56 %

[15]

[20]

[21]

[22]

2017, 33 (1) : 110—116

Zhao X Q, Yang G J, LiulJ G, et al. Estimation of
soybean breeding yield based on optimization of spatial
scale of UAV hyperspectral image (In Chinese ) .
Transactions of the Chinese Society of Agricultural
Engineering, 2017, 33 (1) : 110—116

TE/ANER, ERH, E4R, S BT WOGEBEA
HLIE A A B MR B Fe . Al TR 24z, 2015, 31
(5): 152—159

Wang X Q, Wang M M, Wang S Q, et al. Extraction
of vegetation information from visible unmanned aerial
vehicle images (In Chinese ) . Transactions of the
Chinese Society of Agricultural Engineering, 2015,
31 (5) : 152—159

Quemada M, Gabriel J L, Zarco-Tejada P. Airborne
hyperspectral images and ground-level optical sensors
as assessment tools for maize nitrogen fertilization.
Remote Sensing, 2014, 6 (4) : 2940—2962
Baluja J, Diago M P, Balda P, et al. Assessment
of vineyard water status variability by thermal and
multispectral imagery using an unmanned aerial vehicle
(UAV ) . Irrigation Science, 2012, 30 (6) : 511—
522

Soliman A, Heck R J, Brenning A, et al. Remote
sensing of soil moisture in vineyards using airborne
and ground-based thermal inertia data. Remote
Sensing, 2013, 5 (8) : 3729—3748

Zarco-Tejada P J, Diaz-Varela R, Angileri V, et al.
Tree height quantification using very high resolution
imagery acquired from an unmanned aerial vehicle
(UAV ) and automatic 3D photo-reconstruction
methods. European Journal of Agronomy, 2014, 55:
89—99

Bendig J, Bolten A, Bennertz S, et al. Estimating
biomass of barley using crop surface models ( CSMs )
derived from UAV-based RGB imaging. Remote
Sensing, 2014, 6 (11) : 10395—10412
Kalisperakis I, Stentoumis C, Grammatikopoulos
L, et al. Leaf area index estimation in vineyards from
UAV hyperspectral data, 2D image mosaics and 3D
canopy surface models. The International Archives
of Photogrammetry, Remote Sensing and Spatial
Information Sciences, 2015, 40 (1) : 299

Ea R, AfLoR, FME. PLEAROE BOE E s U Ak
R AN I A, 2012, 31 (6) -
71—75

Wang J H, Li C R, Zhou M. Airborne full-waveform
LiDAR data processing and application ( In Chinese ) .

Foreign Electronic Measurement Technology, 2012,

[23]

[24]

[25]

[26]

[27]

[28]

31 (6) : 71—75

Lowe DG. Distinctive Image Features from Scale-
Invariant Keypoints. International Journal of Computer
Vision (2004 ) 60: 91. https: //doi. org/10. 1023/B:
VISI. 0000029664. 99615. 94

Snavely K N. Scene reconstruction and visualization
from internet photo collections. Washington:
University of Washington, 2008

T FETIC LS G A AR TR R A K AR R
St @IS, BT RFRA R, 2017

Yu F H. Rertieving nutrient information of japonica
rice based on unmanned aerial vehicle hyperspectral
remote sensing ( In Chinese ) . Shenyang : Shenyang
Agricultural University, 2017

B, Tast, XA IR 1 B 4 2
FEREL BT S, 2 M B FREE WSS, 2015, 27 (2)
31—36

Gao W J, Wang J L, Liu G J. Study on the effect of
training sample on classification accuracy of remote
sensing image (In Chinese ) . Yunnan Geographic
Environment Research, 2015, 27 (2) : 31—36
FAE, REAE, BEE, SO0 AR
HZEARMPRL AR K. L 5o,
2015, 35 (12) : 3410—3415

Wang F, Wu D J, Zhai G F, et al. Diagnosing
low health and wood borer attacked trees of Chinese
arborvitae by using thermography ( In Chinese ) .
Spectroscopy and Spectral Analysis, 2015, 35
(12) : 3410—3415

FPR L SRR, A E R TR MR L 2D A R G R St
WA G AN SHOE TR, 2005, 34 (4) .
459—463

Gao Y, Zhang K, LiY J. Edge detection investigation
of low-SNR infrared image based on noise probability
(In Chinese ) . Infrared and Laser Engineering,
2005, 34 (4) : 459—463

B BT AT R PR 0 1 4 3 2 v il e Y0 4 D B BIE O
Jent: PELRY:, 2017

Duan T. The research of high-throughput
methodology for crop phenotyping using proximal
sensing images (In Chinese ) . Beijing:
China Agricultural University, 2017

WS, BRAE, Tl % RITTEAVZ LGS
IR B N ARG BRI Rk TARHE, 2015,
31 (21) : 184—190

Yang GJ, LiCC, Yu HY, etal. UAV based multi-
load remote sensing technologies for wheat breeding
information acquirement ( In Chinese ) . Transactions

of the Chinese Society of Agricultural Engineering,

http: //pedologica. issas. ac. cn



4 34

S o AP B A

S ) O A 781

[31]

[32]

[33]

[34]

[35]

[36]

[37]

2015, 31 (21) : 184—190

M, WA, W14 A MUWAR I DTM P iy
HEWFSE. AL HESE, 2004, 21 (6) : 26—28
Wu H P, Pan M, Hu J X. Study on quick algorithm
for generating regular grid DTM (In Chinese ) .
Application Research of Computers, 2004, 21
(6):26—28

WpPAe, RI5I7, VEWEE, 4. Crop 3D—AETHOLH
ISHORRY VY =GR L R R R
ARk, 2016, 46 (10) : 1210—1221

Guo Q H, Wu F F, Pang S X, et al. Crop 3D-a
platform based on LiDAR for 3D high-throughput crop
phenotyping (In Chinese ) . ScientiaSinica Vitae,

2016, 46 (10) : 1210—1221

KRN, AR, B, AF. JETICAHIDEMAYHE X B
FRPEWOT . AL HUESR, 2017, 48 (10) & 165—
171

Zhang HM, LiY, Wang M, et al. Extraction method
of irrigation networks in irrigated area based on UAV
DEM (In Chinese ) . Transactions of the Chinese
Society of Agricultural Machinery, 2017, 48 (10) :

165—171

Chen J M, Cihlar J. Retrieving leaf area index of
boreal conifer forests using Landsat TM images.
Remote Sensing of Environment, 1996, 55 (2) :

153-162

AR, S, Eal, A T IEANLE BUE AR
4 R L i T FR A BRI AT o AR A AR A

2015, 23 (7) : 868—876

Gao L, Yang GJ, Wang B S, et al. Soybean leaf area
index retrieval with UAV (unmanned aerial vehicle)

remote sensing imagery ( In Chinese ) . Chinese
Journal of Eco-agriculture, 2015, 23 (7) : 868—
876

R, BB, LA, BT R AN G
14 46 /N 22 T R BCR IR 5T . b A Sl 7 4

2016, 24 (9) : 1254—1264

Gao L, Yang G J, Li HJ, et al. Winter wheat LAI
estimation using unmanned aerial vehicle RGB-imaging
(In Chinese ) . Chinese Journal of Eco-Agriculture,

2016, 24 (9) : 1254—1264

mtk, ARKFE, T, 5. 5T 2 URE B AR
o I TR R RS BE X L. AR RS E A, 2016,

27 (1) : 191—200

Gao L, Li C C Wang B S, et al. Comparison of
precision in retrieving soybean leaf area index based
on multi-source remote sensing data ( In Chinese) .
Chinese Journal of Applied Ecology, 2016, 27
(1) : 191—200

[38]

[39]

[40]

[41]

[42]

[43]

[44]

AR, BBE, FRE, FETOLIERIE S PLSRES
A 0 i T RS BOUE T i 18 JE L I v D' 3 SR
. A9, 2017, 43 (4) @ 549—557

Gao L, Yang G J, Li C C, et al. Application of
an improved method in retrieving leaf area index
combined spectral index with PLSR in Hyperspectral
data generated by unmanned aerial vehicle snapshot
camera ( In Chinese ) . Acta Agronomica Sinica,
2017, 43 (4) : 549—557

WIS, BEAAYE, 8 KN, 5. JETRa JCAPLR
PO TS A AZAG AR AL T B . Rl TR AR,
2016, 32 (21) : 102—108

Tian M L, Ban S T, Chang Q R, et al. Use of
hyperspectral images from UAV-based imaging
spectroradiometer to estimate cotton leaf area index
(In Chinese ) . Transactions of the Chinese Society of
Agricultural Engineering, 2016, 32 (21) : 102—
108

ERAR, R, D, MRStk EE g
LAL Fil it - 8 A 1y dak (9 AH OCOC BT SE. BisiRol B2,
2008, 45 (5) : 426—429

Wang D W, Huang CY, Ma QJ, etal. Relationships
between Hyperspectral Vegetative Index, LAI and
aboveground fresh biomass of cotton ( In Chinese ) .
Xinjiang Agricultural Sciences, 2008, 45 (5) :
426—429

AN, THME, WiETW, 5. M bap Ry
119 = O B AL BRI 5T . Al TREAER, 2007, 23
(3): 131—135

Huang C Y, Wang D W, Cao L P, et al. Models for
estimating cotton aboveground fresh biomass using
hyperspectral data ( In Chinese ) . Transactions of the
Chinese Society of Agricultural Engineering, 2007,
23 (3) : 131—135

TR AR A 3 T A B 5 AR K RO A W S
HERPE. ALat: R ERE AL, 2016

Wang D L. Research on processing of low attitude
remote sensing data and estimation of non-growing
season grassland biomass ( In Chinese ) . Beijing:
Chinese Academy of Agriculture Sciences, 2016
Bendig J, Yu K, Aasen H, et al. Combining UAV-
based plant height from crop surface models, visible,
and near infrared vegetation indices for biomass
monitoring in barley. International Journal of Applied
Earth Observations & Geoinformation, 2015, 39:
79—87

R, Botds, BBEPC, %5 5T 284 ANLIE
B R T b A R RO R TR, 2017, 36
(1) : 41—50

http: //pedologica. issas. ac. cn



782 + E o iR 56 &
Lu G Z, Yang G J, Zhao X Q, et al. Inversion is applied to monitor plant diseases and insect pests ( In
of soybean fresh biomass based on multi-payload Chinese ) . Infrared Technology, 1990 (2) . 18—21
unmanned aerial vehicles (UAVs) (In Chinese) . [54] 2/, B, S50, & EFIROIPRGEER
Soybean Science, 2017, 36 (1) : 41—50 /N2 98 RIRT I . el TR 24, 2014, 30
[45] a0, WSS YRR et WEHE R (18) : 183—189
., 1995 Li X L, Wang K, Ma Z H, et al. Early detection
Pan R Z, Dong Y D. Plant physiology ( In Chinese ) . of wheat disease based on thermal infrared imaging
Beijing: Higher Education Press, 1995 (In Chinese ) . Transactions of the Chinese Society of
(461 ATWRWE. T 807 B A KRS R B E IR 12 W 5 Agricultural Engineering, 2014, 30 (18) : 183—189
WFFE. BN . WIT K2, 2011 [55] Huang Y, Lan Y, Hoffmann W C. Use of airborne
Shi Y Y. Rice nutrition diagnosis and modeling 8multi-spectral imagery in pest management systems.
based on digital image (In Chinese ) . Hangzhou: Agricultural Engineering International: the CIGR
Zhejiang University, 2011 Journal. 2008, 10: IT-07-010
(471 HF80. RETARE G GRS A 1l 556 2 SPAD [56] Z%=m, BRfgr, ERR, % BET/NEEANE
KBS, HU . WK%, 2016 SRR TR AR T AR AL TR, 2014, 30
Xiao Y Z. Detection of rape canopy SPAD (19) : 207—213
based on low-altitude spectral imaging remote Li Z N, Chen Z X, Wang L M, et al. Area extraction
sensing technology (In Chinese ) . Hangzhou: of maize lodging based on remote sensing by small
Zhejiang University, 2016 unmanned aerial vehicle (In Chinese ) . Transactions
[48] Arai K, Akaisi S, Miyazaki H, et al. Regressive of the Chinese Society of Agricultural Engineering,
analysis on leaf nitrogen content and near infrared 2014, 30 (19) : 207—213
reflectance and its application for agricultural farm [57] Huang Y, Thomson S J, Lan Y, et al. Multispectral
monitoring with helicopter mounted near infrared imaging systems for airborne remote sensing to support
camera. International Journal of Advanced Research in agricultural production management. International
Artificial Intelligence, 2013, 2 (3) : 38—43 Journal of Agricultural and Biological Engineering,
(491 FEW, WEH, KER, % ETEENDVIEERN 2010, 3 (1) : 50—62
e 75 BAE T i AL Y. WELAOL S, 2016, 28 [581 kbRl HURAE J7 J0 AML AT A E 4 o 465 284 7 ELAT
(10) : 1790—1795 FT MR E, 2017, 34 (2) ¢ 115—118
Xu TY, Hong X, Chen C L, et al. Study on Zhang Z L. High wind power stability of UAV Flight
northern japonica rice yield model based on canopy Control Simulation Model (In Chinese ) . Computer
date of NDVI (In Chinese ) . Acta Agriculturae Simulation, 2017, 34 (2) : 115—118
Zhejiangensis, 2016, 28 (10) : 1790—1795 [59] S0 %, BT AHUHL T 00 e 35 8 AP R
[50] EEME, fLgier. 30 A Rk o FALL Hh 18 B I wF 5T oF FE. WAL PR E T AL Ty A R S AL TR
JE. TR ARG, 2006, 24 (6) : 168—172 BE, 2017
Xue H, Ni S X. Progress in the study on monitoring of Shi T F. Research on the wind resistant performance
soil moisture with thermal infrared remote sensing ( In of four-rotor unmanned aerial vehicle based on auto
Chinese ) . Agricultural Research in the Arid Areas, disturbances rejection algorithm (In Chinese ) .
2006, 24 (6) : 168—172 Baoding, Hebei: School of Control and Computer
[51] Mass S J, Fitzgerald G J, Detar W R, et al. Engineering, North China Electric Power University,
Determining cotton leaf canopy temperature using 2017
multispectral remote sensing. Proceedings Beltwide [60] Arif M S M, Giilch E, Tuhtan J A, et al. An
Cotton Conferences, San Antonio, USA, 2000 investigation of image processing techniques for
[52] HuangY, Fipps G, Maas S J, et al. Airborne remote substrate classification based on dominant grain size
sensing for detection of irrigation canal leakage. using RGB images from UAV. International Journal of
Irrigation and Drainage, 2009; doi: 10. 1002/ird. Remote Sensing, 2016, 10: 1—23
511 Lo1] A, Fher, BRPE, % £KAIEWZ 01 G
[53] %R, 7545 WLLAME IR A WAl 4 oo il WESPH 5 M SRS W T AT, DL 56T,
LIAMEAR, 1990 (2) : 18—21 2015, 35 (1) : 178—183
Lu G Z, Yang X J. Infrared remote sensing technology Wu Q, Sun H, Li M Z, et al. Research on

http: //pedologica. issas. ac. cn



4 A JC AL AR TR B I v (4 1 P2t 783

maize multispectral image accurate segmentation Spectroscopy and Spectral Analysis, 2015, 35

and chlorophyll index estimation ( In Chinese ) . (1) : 178—183

Advancement in Application of UAV Remote Sensing to Monitoring of Farmlands

JI Jingchun"? ZHAO Yuan’ ZOU Xiaojuan' XUAN Kefan"’> WANG Weipeng® LIU Jianli'f
LI Xiaopeng''
(1 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China )
(2 University of Chinese Academy of Sciences, Beijing 100049, China )

(3 College of Environmental &Resource Science of Shanxi University, Taiyuan 030006, China )

Abstract Fast and real-time acquisition of farmland information is the basis of precision farming.
The technology of using unmanned aerial vehicle (UAV) as a platform for low-altitude remote sensing of
farmlands features high spatial resolution, real-time and low cost, and can be used to fill the gas between
field survey and high-altitude remote sensing in measuring scale. Therefore, the technology has a wide
prospect in application to accurate monitoring of farmlands for real-time information. In recent years, with
the technology advancing rapidly, UAV is more stable in flight and easier to operate, and airborne remote
sensing equipment is getting light and diversified, capable of acquiring different remote sensing information
such as visible light data, multispectral information, hyperspectral data and three-dimensional point
cloud data.Moreover, recent development of the remote sensing data processing technology has enabled
investigators to process data faster and more accurate. Hyperspectral data is well known to be abundant
in information and hard to process, too. Fortunately, a number of dimensionality reduction methods have
been developed. Comentropy is the most straightforward method. Principal component analysis and
independent component analysis are also widely used to choose mean wave bands or vegetation indexes.
There is a wavelet basis more practical for wavelet decomposition method too. Thermal infrared data is
a powerful tool to reflect field temperature and moisture, and just because of this, it can also objectively
reflect crop diseases and pests. Because the monitoring can cover an area as large as an entire tract of
fields, even the conventional multispectral data can be interpreted into accurate information of crop growth.
Three-dimensional point cloud is a newly booming data in farmland monitoring and capable of providing
information of plant height and accurate position of the plant as well. So more information is available for
assessing crop growing conditions. Three-dimensional point cloud can be obtained by LiDAR. The first step
to process this kind of data is to remove and smooth noise points caused by system error or overlight of
target surface or accidental factors,fix vulnerable and missing parts of the point cloud, and in the end fine
field model is achieved. SfM features three-dimensional point cloud with real color and can be used to build
a field model with visible-light images. This method uses two images as initial homologous photographs to
establish a three-dimensional coordinate by feature matching, front and back rendezvous calculation. Then
add in new images, find new matchable feature points and adjust them till optimum, repeat the steps until
all images are added in. All these extraordinary technological advances together make the application of
UAV-based remote sensing possible in precision farming. Unmanned flying technology reduces monitoring
costs for it needs less fuel and no pilot. And investigators can conductmonitoring more frequently to
enhance timeliness. Suitable flight height combined with high-performance sensor makes it possible to

acquire data superior in spatial resolution. For the features given above UAV-based remote sensing can fill
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up the gap between ground monitoring and high-altitude remote sensing, such as satellite remote sensing, in
the measuring scale. Therefore, the technology has a bright application prospect in application to gathering
information for precision farming. In addition this paper has also summarized findings and achievements in
related researches at home and abroad, introduced the commonly used remote sensing technologies and data
processing methods, as well as specific application directionsand their implement effects are discussed too.
This paper also addresses the existing problems and future development directions, in an attempt to promote
the usage of UAV remote sensing in farmland monitoring. It is hoped that this technology can be more
widely used in precision agriculture.

Key words Low altitude remote sensing; Unmanned aerial vehicle (UAV); Farmland information

monitoring; Yield estimation; Growth diagnosis
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