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Abstract; As a flexible and efficient carrier of agricultural environmental information and crop growth
information acquisition technology, UAVs have been widely used in agricultural production and scientific
research in recent years. UAVs equipped with perceptual imaging equipment have become an important
technical means for information acquisition in smart agriculture. Together with ground or underground
sensors, they form an integrated air-ground system to provide data support and decision-making basis for
intelligent agricultural management. Multi-source information fusion is one of the key technologies to
improve the perception ability of UAVs, and its research is of great significance to the application of
UAVs. Compared with the acquisition of single information, based on the method of multi-source data
fusion, various types of multi-source information are subjected to various operations and processing to
extract the characteristic information of the target for analysis and understanding, and finally realize the
identification and recognition of the target. The representative related research and solutions for more than
20 years at home and abroad were summarized. Starting from the characteristics of complex background of
UAV images, small target, large field of view, and target rotation, recent research on UAV target
detection was inducted and analyzed. Finally, the existing problems were discussed, and the future
research trend and development direction judgment were given.
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Fig. 1 Multi-source information fusion method framework
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Fig.2  Application diagram of agricultural analysis
based on multi-source information fusion

2.1 AR GEAR

Al LG R 3R B J&: RGB AT OGR4, Toik
41 4% Bt ( Near infrared spectroscopy, NIR){Z &',
B R B — 2 By 3R B4R B AR A 19 T,
JILAG I e b S B 5 L SRR X BAIG, AT B 1 45 [
TrHER RO o BRI B s, AT A B 3 A
W BL o B AH HILRE B8 P AR B HK B (05
8RN B i/ v PR A AR IR UG T LA R AR ) bk
[N B T R FIN U TTRAE S SN KN /N D
E¥s

PLIC AL 5 5 8BS A ALAL B, AL 3)
PR ARG 23 18] 23 B 5 0 OO0 3, RE 8 B I M T
HiAl B F A= #) & ( Above-ground biomass, AGB) ,
EL I 3 A B 5T 3 2 — . Xl Y 2R
T2 B B 25 K 1, i i 8 10,20,30,40
50 m 35 FhIC AL CAT L, R IBOCAS [\] 43 B 3 0 5L
AR RIS OIS 5 B SO R AEAD G ISR B +
SO EAY HE AGB BERDKS BE R SE M o 45 SR WY (A
o EREAR T IR R + SOHRFAEAG 5 AGB 1)
RO S A, FLUR Ry B — S PR AR AR 7 B — S i A
RURBIAC R e 25 . WA B8 0 e Rit &, okis
F R VBORME B A BOGTE + QU5 BN AGB AR
BE W E o AR e A DL B 1 A
KN 1 1 FRFE BX ( Leaf area index, LAI) , i i3
SRIBCE 1) 22 8IS T A6 1 R0 I 4 /N A2 T A HLEL
T SEAR J BOHE IR, 1) 0 PRI A5 e D PG A 1Y 10
P T R R IE S R OO R G AT T 3 DA E M
WA 2 /N2 AN AE 4 R EUKFE T 9 LAT 5 807 5

BAFIE S B 2 8] 1Y SC I 1. 45 2R R W] UAV-based
VARIRGB #5 %5 #UA% I (1) TAT 5 5200 LAT 815 7
B (R =0.71, 35 HRi% 28 0.8,P <0.01) , iiF B
T NALECRS 52 AR T4 /2 LAT 48300 2 nl 417
9 o X 2 45 I A AL M AL R B
Ag, R 3 R IRE 2> B O vk, % WA A AR AR S
T R L X HERAR S I 7 v R I RO S T A
PE, B 280 E R AT DL O I B 25 S M wE 3R A
('Visible-band difference vegetation index, VDVT) $2
PG . 25K, BT UAV 52 QA H 2
JCAME WA A /N2 AR & i SO e Ay, X
/N DR AR B BV 0 8 04 7 2 S i 4 /N 22 MR i
ROR b, AR L A% B8 B it Jr i, B AL RS 1k B
AJ Ry A /NG R K IS P 34 PR AL 5 2%
2.2 R/ BHRERGERSE

T NHLE BORABOETE AL RE B8 K BUR AR Y 1063
W WSO S S AREAE P T M D0 e A 40 oA T AR R
A E D AL S8, T = 5 i g %
TR B f% AR IUR T i H 12 4 S D' 3% v i mT DL DG AR 4y
A AT WOEHR 53, BAT A SR | 52 A8 3R B B2 e
TAERBCR R SR, T2 TRAEY A KAF B AR
WFFE o ITAER, RO IS AR © 2 o SRR A By &
KA M SR MR T | T AR R ORI
i B AL SR R 7 O B 7 R
JAGE AR B R Te AHLIE B SRR IEY) R AL S
B AR

AR A Ay W A T A R A A 4
— i T P e ) ke R R O S ISR S
X TC L 22 0 3 32 J8% 52 AR B R A T 7 A 84y
F, 25 FRW] B Deep Lab V3 + i S 43 HI KR
XF 220038 1 B AR B PN ROCR L AT WO 7.1 A~ |
O3 R OCHR T 2 BE 8 NS Ak 10 37 S rhORS HE IR
Sl b RS AR L, Ay 3 b B A FH ) A A A R
B 3T S DR [ K 43 A B IG F EE K
HWFFER G TR TE AL Z 615 &I 6 45 B Y
A R RLAG I  E F OK AR W R oK 43 R 8GR B Al
Fiko S5RRW BT RANZ G A LK
OB THRLR SR ZE I B B OKAE Y R B B
(P <0.001) FyAHCPE . SR, K o A Bl i
B SR A B RUAH 2545 RE DS AR 4 3tb A I O T 60K
R BOK A R RCR . 8% % i T —Fh
T 1) T AL 2206185 18 B R AR AR 73 2607 125,
SGIROR RIS WAL R SIN S A R DS WL R & i
eI 5 BIF R A Swish Y0 pREICOR fb AR 1Y, i ) 4%
T M AP S B AT BE B 1o A% 1 o 45 SRR T, Uiy
Deep Lab V3 + 15 B - #4945 22 K5 B #7152 9 be o



188 K&k Bl M ¥

2021 4

5l 93. 06% FI 87. 12% , 5% F SCHK [ 23 ] J5 i5 BEAE A
AR 38 S AR b 2 ) B 30K ) B 5 Y i SRy
ik, DT SR A B B VR 9 3 2R 45 28, ) e AL
GEARR RAR T 2R BB AL 1 — P i 7 125

AR 2GS BORAE R W R )z H 20
WAL AR WA O PR OB A B FEA R
ORI A2 BRI Y T R OGS AR AR A B
162 B0 R AR R 1) 3 R CRPEW 2 H iR S
DT S figp B v 8 52 e AL A B B — PR R R IO
AT B4 Ja R ST R i Tk
2.3 RANTEIERSE

LT HP ARG S W RR AL AP IRARAY , U1y
JELLAME ST RE i, JF G Sk R A R O R .
F2 Bl £L AR A% A A AR 5 Sk L, o er Ah
PRI 5 A% 0 R 2L AMBUBOT T o % R BUAL JRAR BE 1%
Az I [] 5] i 5 B — 1) ) 4 B i BOHE L T2
FHF WA 1 4 8 K 2 b >l AL S
JE GG R AR RN 7% A A 5 e i R R G, 204
PR AT DL T 48 D0 A A 4 0 1 30 30 58 1 )
J7 o

SRR A O T 224 i G A LR L1 A 3 S W
YER K 53 T 3EIR DURS BEAS R 1 ), DL 4 ok ik
PR AL R WA AL Al g 0 4, RIS e 3 e A PL#E
AL HME IR B, T Canny $1 246 I 55 B 4 P4 20
SMEE R B 88 AT O R, T IR BE 5 TR
UESBRRCR , 73R AL e 2 T B2 R R, I B ol
J2 U B R AR HO 12 W R AL 7K 23 38 fR 3 P 45
F W, A0 AL 2 Tl B e 0 505 R AL AR AE 7K o3 38 1)
A B bR A0 PR bR AR A B B G, ORI
PE R AR 0884, 56 22 i AR fEE 2 ( Canopy
temperature standard deviation, CTSD ) X} /£ # 7K 43 il
A BURAR B s , n] LU N2 Wi A B K o3 Bk aa i
BAEbR . AR 2 IR R R AR O T 5 A
ity 2 JE NHLIREL A2 A8 , AR L AR 2 W/ 9 K
3 1 3ECBR 0 # T R A AR B R B T T o 3
B2 D) JE LS BAMLL AN AR AU RGB 1 35 4K
T AR BILA) JIARR 25 T S 40 AR R 4, DAAS [) MIR 1)
BT E AR NP FERT G R X AW AR
T 55 A T 0 =4 A b 1) JL AT 42 11 A2 AT B0 S AR
JUART AR X, 5485 X 3 355 D00k ASC 00 e 68 S5 7 A Al %
TR () Uk, v 5 () 4 % 238 1 AR S AR X 6K AT 40
FIF ZAE AL 3[R ) e 48 T R R A A
i v [ 25 I T oK G| )2 il R, O 5 B O R R i
HEAT —BOPE A BT, DL 30 UE PEAS 55 T I AT 51 52 15 S TR
FOKGEJR IR R RBOR . 25K, S IO e 2 R
5 b T S0 A LA B — B0k (R =0.723 6,307

MR 22 0. 60°C ) , $2 UK B B imy , & WAL T T8 A AL
IRLT AP ABAR B K O 2 T B 1 7 2 FLA e e 1Y
DE RS BE B R o i WF 5T TT 2 EOK B A B RL G H 1)
568 )2 i R W A 2 2 T DL S B R ME A G
bR R 1] 0K ef 23 0 B8, X TE N PILEH B B oK B
PR G W I LA T L A L4 Aok
36 B A B AT 9] K A F SRR 4 A B TE L
Al LG AL AR ES SR RGRI 5 0%\ Otsu (i
A S 5 1 3388 55 3 b ik B 7 v S O ZL A1 [T 45
B KRR R EE AR R TSR YK 43 B30 45 % ( Crop
water stress index, CWSI) I F T [ i A [6] 7K 20 B &
AR FRT K M AN [6] R B Y A SRR, SRR,
FET RGRI 4580 AR B oK I 22 il BE -5 5 I ek J2
T BE M G IR 8 (RPE KT 0. 8, 3 07 AR IR 22 B/
T 1C) AR RCT H, RGRI f8 80 15 1 CWSI
B K R R A (R KT 0.5,P <
0.01),

DB A e T2 3 2 8 8 P 7 0 2 Al T 4L
SN, To k) AP AR AR AN [R50 25 78 T iR AE W)
T Z WL o T AN )2 i BE R ZE A
PR S AR X LA T A [] — i 8] g b A ] A B ) A A 0 6
JRIRBE 225 A, U X IR Y % 2 LA
BEALAY , 45 BRALL AP TR AR AL 2 48 1) TC N HIL T AP 3
R DX I8 N A W o 22 1l B T 15, BB 108 A7 2501 )
AN TR) Ak B A ) PR 58 25 A T B AR AE W e 2 L 25 S o
2.4 Hih

WOG R I8 A& SO R I & 5 B bR 2 4] 1Y
PR R M TOLHR AR B, &8 T 3 3 i B A% s o
WOG T IA B S WAy BRI HE QL RN{E B AL FA
HAb R, BAT 5% 8 43 (8] 23 B 58 i AR S R g
3 38 S A R ABRURI T A B TR Sk /N
R s SR B Dk OG5 AR O 2 T O A TR 4 O 52
AR LA R A2 W B S D' 14 B[] 2 S B 06 A 2 B R K
- b R R JE A A A L . AT BRSO R s R
I8 7 R R SCSR 4 R O B IR T LS B — R
B R] SE 3R 7 A ) G B 7 B . IO R IR B R
P AR 3 R M A R G R AR B AL B T AR
R, HHOG ik 2 oK 4 Wi, 1ok 28 PR 284 R BIR i
THOCTEBBARBMN A MATHOLE Ik E &Ik
At I ARA g JBE R A= 9 b, B R T AR 9 T D ) AR
U T AR e AR, L SR AR
& LIRE AR A ol RO T T 42 BRORR O 2 5 40 2 80
7 RIS T ARAE Y . H 2, 76 1 FH 0L & ik
FEPCAAE Y E S H07 W) ERIR R AT & e EH A o

VAR, BRI PE B L5 A PR BEIR T R R
B H R b o RCH AR B kA . N T HEA ok S IX



I W S 3T 2 URME S EA B Al 2 — AL T S SR ik 189

Sl b 5 9 e A i LR R b B R T
S0 T AR R A X R, B PR AL AT 3L F 8 AHLER
LiDAR ( Light detection and ranging ) F1 {5 4} £ 5 +%
AR BRI 5T T g AR A5 SRS v RS 20 F) T b 3
B ECHE L SR 8 R 5 8 B ARG, G O T R b BT K
TR R, JC AL LiDAR 4% K 68 i 5F i
M AE B, AR CE S b 3R B AR AR AL ( Digital
elevation matrix, DEM) , 3§ 1t 0] $1 28 H Hb [t ¢ 58 A4
IR B S BB 45 e 2k ORLBS FE LA K i 48 45 OC By
fEZ %, JC AL LiDAR F 4445 52 3R fig %
AR B 5 ¢ T e AR S = A AR BT IE S R 1R
( Digital orthophoto map, DOM ) , {#i 7£ = 4 52 55 37 5
A v T o b 5 9 B AR A TR AT B A T RE
M Ao A T RO S IO P SR, R 3 B R B R U
PEFIE 57007, BE A% 52 B & 3 A RGR . BN
BLEE LiDAR IR} 55 52 $ AR 78 b ot 9 5 G A8 40

P 75 B AT R 8 R A {E

ILAEK, ML G i T H R G HLE A K55
AR A S W A PRI M I A= W 2 AR
AR PSPy R R R S A NG
R G AW 20 R T B D b i AT, D AT i
FEOE MR RSBt T 2% fE kAL b,
Bt X TE B 5 11 i A 2 28 S B HL AR B 52 40
LS W A ) 22 RS A I 48 s B S AL ) T 1 ) g
LR S B ] 5 45 B 19 AR 5 BF 5 i2E 8 i T 1)
W GRFRW], o AL IE AR AT LUAR 4 3 % kb H
T M 0055 000 O T R R = T ) RUJRE s e, A
S AR LAHE B R SR RS T IA R B X
BRI T . S )5 & B — g W)
25 AP O v R SR U T, MR A R A 2
RE P AR DI X A8 A 1Y 0 A BUE RE ) o 28 B LR
[Fi) 208 A% SRS B9 R AR N 1 TS

F1 AERBETANBERCTREF[HFIRAE
Tab.1 Features and uses of different types of UAV-borne remote sensing sensors
AR e 1 B R AE P Jar B
oo N ; AT DURRAE > AT SMB I . e e e
KA AHHL(RGB) KB B (4, T A 5 Bl B, s g HUE ) OB B
AW B (L EFIELA),
AT LA 2 P B MR AR BL LA BLIR B W BECA B, i {5 B B
LR G R T o A T T LR e
TR 2 A 1
e [ ﬂ/ﬂﬁ'ﬁ;*i&ﬁ&l\i&ﬁ‘i&ﬁﬁ *E?Jx"?%éﬂkﬁi%ﬁ%fﬁ Jeik PR, B EE R ﬁfﬁiﬁﬁjﬁ(fﬁﬁﬁﬂ“
P2 S ER N R R BT S N 1 IS A
ORI A ki Np)
SILLANR GO  MPRIL SR R E . BB X R KU R —
LTS R IR A R B i ﬁ%lm e z@fﬁﬁr;ﬂ PRI L A R R,
< I D Rk B i AR S
' RE AP KB 4 T
s, Lz, B Ak
WOL TR 5 (LIDAR) W R O = B i B A R B SRS A L A R "

R ZA2S N NITE AR IlN

TARRR, 2R T 1
PR 45 Ak 31170 ] 45 L e i 32

GRS Tk [ B N2 KA, PR
WAL TR ik i ] 3 B4 [P NZ KAWL, o PR o
SR B ERARMEGIRB N T ANEER R PR & TR B Be 4 i B AR & A s 1 Yk HE fE

HA R G B AR 75 SR ORI i 25 1) 7 3¢
ARG H P T B R AR P A KA B A
D AR TR R R Y i R 1 1 A
S R, 285 H 22 M A%l A BOR 8 iRl 2 Ak
AWE . 750, T RAR R 2 32 B NG AT m
I L IRAERE T AL A B3R S R AR A IE J7 1%
A2 DR R W, 30 5 B 3 AR I O e v S
BERSAN TR A TR AR i PP 5 DR 53005 6 o AL AR
YRR B AT AT A3 A BT S 1 A R PO XA

3 Z—EUEARERLFE N A

3.1 Rl
TE B A A 77 v, TE AHLRT T TR 25 e

T A A A, T JE A LA A 0 R A
BILHL AR A5 B4R T A 245 300 S, 30 5 R 27 1) R 24 W7
AJ R Al AR 7 M A A A 5 SR R Y AR R
i, MR R A i (R A 1 o B T A HLECAR 1Y
H Ot B, Al Az 77 5 b 1) T AR N 53 FE R A7 AR 24 s
WIS, 7 24 45 G A [) o 2 A A 10 A 5K AT T )
o HL 5 0 A1 0 T8 N HIL A I VR Ml S R AR O R R
Hoth S 25 4, B IE A ME B A 30, NI A
AR THRAED I LB 77 BT i

20 22 90 AEAR, H A it 23wl 32 e 4ff A 7
AR R AL, EE T WA 2, 2015 4, 3%
[ B Rt 25 45 H1 )5 ( Federal Aviation Administration,
FAA) fit i H A0 5 s Jo A BL RMAX B8R 25 — 22



190 K&k Bl M ¥

2021 4

TG AL N A A 25 HE AT A B I A A R TE AL,
RMAX J it 25 kgo A ARG HL AL, X Fh 6 A
HLAE A5 SRS 6 b W /4

Wit 5 J0 N AL 30 5 A 1) 5k e R 3 [ g T
07 SR AR 25 W N TR RE AR, AR 2 L AR
#HRET IO AN KA I A PR OR o sk i
ST B B B 3 A KR 2 1R
VR S Wit 1 9, 308 A AR JE N HILAE b e E
A 24 WG g R A T (8] IS it X 5, R FH ¢ D' s 51 3%
TR ABCAR IR 20 A 2 1A 2 b o AHLTE A [ B9 4%
F T W 1 55 5 78 8 AR B R DTARBOR o S5 R KW,
2 e R o A ML e 35 X 37 AN (] 5 25055 T DL ARSOCR AN
[l , B S AR R T6 N BB A% R T 4f o 2 Bl o A AL
W 1) A 245 de 22 X K AR HLS 9 BI7 3 AR JC W i 22
S, FLB WA A 2 8 [ R A o o e IR I
TERE T FIHT Af— 811 /N JC A AL A [+) 77) 2 75 4
Wi EORIE S . S5 R R W], 1R R B E 1Y 3 A
RATR P BB 2.5 m i 10% 3 48 i 1% 7%
ORI A B 6 ROR i o T A HLBEI 10% 75 58 88
IR 75 5 Y700 0 T K B 1% 7 3R 28O o 80. 7%, it
42% R HE W FL O K #2510 Bl in RO R
69. 1% . 1M 4[] 42% 5 4L 98 2L 3 25 9 P 75 0 25
ZEAAMHGR G, Biin BRI N #) 75.8% o 5 M A
A A AW HUA B, AN JE AL 4 T
LN SV RTE Y € 5 o T AN W L 3 N7
ity Bk — 2Pk .

AR TN T it A 55 AL A i AE , 6 A HIL e 7% i
EHL A5 AR 2 L8, B GPS 5E fi $K 5 18 4%
FAR T L P 4 15 T0 N HLBEAT T [ R A X R B
TAE T REMAS, w1 eGSR, it 17
TR AR, o BRI 22 A1, AR 4 AN ] i 39 4 A 00 A I )
EIRT R, AT A e AL S 5, 25 A 4 4 b 72
R (9 35253, AR R A i
3.2 REHEED

XV Wy HE AT BT AR O K it Bt 3 R A o
Ay A 7 i e BRI 2 — o T 5 HE BT AL A 2 L)
J AT ST AN S S 2 A, A TE N HIL AT L Al 2 BT A
VR S5 9 206 B 21 A 19 B I 22 i 2 063 1A
1R B AR A ) 1 28 A0 5 e R 0 T gk T
ARG AR RO 4 B Hh ) A2 R A R T 5 R AR AR )
T B AT S 2 4R TH RO A 7 B RO

128 FH G AALAS AT R 00 el A 7= 25 b Y T )
b ER A R, I T 4 5 67 e I AS [ AR W 4 A
o 2 ARl AR 7 35 b 1) A5 BN B3 AT AR 40 25 I A AR
P RAG BT IR A TR ST . AHSE T AR N B Al A
T NHLEE AR AT AAE P AR R B ol 2 ot 3k o

LTI 12 SO | B 5 Y IS 5B S O 4
TR B R SFARAE Y AR RAS DB T sh A I . 5k
() IR, el 2 7 5k 18 T AR N 5% AT 485 4 SRR R AR
P AR IR 2 A TR A H b R Ol A A
PERS T o Lo AL 23 A oK K R R TR R R K
PR E I R U N L BE K T A 25 45 TAE
e Ah ARG AR N BT A TE AL b 23 3m TE B gk
A5 — 58 I 93 9 0 Al AR 7= B P i R AR AT £ 1%
PSR, I X 2% B 15 R EAT X L 207, LA &
Rl A B BT 521 0 Jo AL T M B £
T B N AR A 1 A KOIRFS R A AR BR R AW Y
Fof b 4 B 25, B LA T T2 AL EEAT AR A Al 28 7
A ELIE SE BRI 3 77 G i

PR AL | I B R A AR W R B R BE 8 O Bl AL
(R A AR AR AR . BT A AE T LAY 14
B2 I BB AR Bk Al B g IF ST X B, Ak T U
T AR -6, R TG T WG IR AR
T S 0 K 4 e A A BRAE B o 20 Ak B AR S WE 5T
DOM FI %t 5% & 1 #% & ( Digital surface model,
DSM) , 4 52 B b 8k 5005 8 = 8 0 A7 A DG 1k o
Bro 255U, XF DOM [ 43 B AR ¥k X 43 B A kA
HABAL B . X5 DSM {925 [|] 73 W1, DL 2 i K g
- 27 e 8 ok DX o3 ol e B 5 H At A w2 W AT Y, B
B 5 R A S B b SRR RO A B0 A TE AT OGO R
(R*=0.8416) 38 it B Bk 7 a5 & vf LA ST I 2 4 Ak
BRI OO T S R A B B 7l AR B, 20T %
Shy B M B A B R AR T B, g T
TRAMZICRE AR, 76 4L G As B8 Koy Fe Ak 151
ANELII P B AT R, L ik 1 22 FhAE Bl 45 80, 45 5
LT ] [r) 25 552300 A= 9y e 5000, SR T 228 36 A 7R 3k 1y 531 4
e NSNS S5 i+ 3 N 37 <O vt % c A T E|
(Multivariable linear regression, MLR) | J [m] 1% #%& #i1
2 W 4% ( Back propagation neural networks, BPNN) [
Az e B ALY O R Y e AR £5 SR T ik
MAE LR R 5 A i W 3 A OC, Horh BP A )
S TR B 5 SR 12 J0 g o AR AE R B AL
HEBS R AL, 2R ICEN 2 /N A2 5 2 HE AR RGB 52
B R B S SO E ST R A A T REAS
HER A AN RUE TR G By B 1 " H b . R
¥y 2 ORI N ] 2 AR G R R B TG AL
TR EGEAR X RO IE B T S 8 AR i IE S SG
U A5 728 A Ak B i IR O 1 KA ) R B L
Atk T AR O E H8 BSE A A /)N - 3fe (]
U AR BR 27 > o 28 ) 2% 55 22 b AR SR e TH RIBL A o )
FEAE T OKRE M R AR AR A AR B
AT BRI AL 2 e 1 B A5 ) 0 BRI 0 O 3



I W S 3T 2 URME S EA B Al 2 — AL T S SR ik 191

fiE, 255 JC T 48 KO T8> 0 B dE AT e BT 9 . 45
REWZBOLIEE B+ SCHRHIE AR B /N 22 A8 ik
MR FE ST R A B B 5245 50 PR 1) i e 5L 1S
g, B R 45 R0 T B — Ol 1% 45 i 81— 2 3
FRAIE ) S ROR .

038 B R T AR B A A R B Y
PN TS bR AR G A HLEE BT W
KO AR AL AR BOK A B B2 AR, O 4 ] DL Sl i 9 4 4L
XEKREIE - SPAD A7 A6 58, B8 B
To NALFE HOA [F] 28 B 2200 18 15 S A8 AR I B K e 2
AR, R IR BRI I 21 AP U B 2130 W BN 21 4h
e B 21 5 149 3 1 7 IS A 0 95 807 T o A JEete | R X
KGR 2 M R R R AR R B T R OK
R JA 4 28 T M AR R L bR R A HLAE S ]
KB B4 4 /N E 1Y RGB FI 2263 B4, 318 1
22 o 20 R (1 A B 50 N7 A /N 22 e TR B Ak A
(iU

e SRV R ™ & PUEMREE ) OtG 1E T EE
A — R MR OGO FR , A PR bR = 2 AR AR W) g e 2R
K PR RRE Al Z — o VR AR AR 1 HE A PR AR
Z0C, W bR R 8 D A Al A 7 RN R A e o S —
SRl I R A T K g T o e A HLAR R
ERA K B 4 WIATE mIE DOM L DSM, | 1
K-means 530 (38t 4% i 28 00 2465 B30 12 i SR 580 0k 43 il
X DOM Hr iy oK B AT H B, 25 SRR W], 45 5
DOM FI DSM W] DA 4 b 42 XA K B B i 5 K
JE o RH] DOM il DSM AHSS G 1) B 42 58 1 418 HUAE pk
AR, ke SR IBGR AL T — R R A, ) oy e AHLIE
JEE I ) bR IR BB I B % R MRS A R
KA TR A AR 7 AR M s 0 B R B JE AL RGB 1%,
R s TR 42 1) R B AR R AT RS B LA O, A R
50 A R0 OE SR LD S AR ) 3R T RE A ( Crop
surface model, CSM) Jf #& B £ 4~ Bsh 8 . 4% 4> H B &
KAk R AE R o

RAR I ARl H UL, XA W Y 7 R T
AT AN RS, PR T A b A ) R AR K
FA BT A PR, A B TR R
A= RN = T FURI U s NG
12 R I R U 21 g R R 0 RIS AU 5 E K
KABN AR 1) P A5 R i AT AR SR RO R L WFSE St
MG IE R ER K 30 TR | SUE AR,
SRJE PR AR 1Y 28 S 28 BRI AR X 22 5 01 3k 1Y O UEC
DM IE R ER EOK B RRAE . S5 R KW, 5L T 40,
2R W 60X (1 S0 R R 2 RO AR R OK TR I AR 22
BN O0.3% Kk N6.9% , BEMTET AL
AR IBOT R 25 o R F ST A R S v TS A HL

R A0 3 SR 45 o 1 2 B0 R T ok i ARUER IR T4 4
FJ7 ¥ B S7 B Y H B AHL RGB #2144 4 R
) DSM 5214, i i 153 1E % /22 5 R /N ZE 1
JE 25 48 B/ 22 fRAR X Bk
3.3 RULREEBEEN

Ay 5 9 RN Pk 5 g = H E A N R
U, 5 ) e R R P A K R AT TR 5 T R
SR ERMERFEERWETFH RS EN
50% o w1 FHEETUCCE 1) 5 & MR R, AT 3R E R
SRR 20 733 5 hm® 3 A% 200 1258 19 B 3%
GRAR A RR R FERK M 30% £4 7,
H AT 58 5 F T 52 Wy 32k S AV B i K s B0k
P R MR Bk s . AU AR Sl K A Hh—
TRAL G N5 A B B R B 9T it 7 9 o O T M R L
2012 AN SRt [ IR DX B e R T R W Uk T O Ak
VEPII AR B0, R F IO L 38 Jg L JE A LA 23 18 SR 5
N M T B 37 8 AR 45 A 10 07 5K, B G A T L T
VR Ry i o BT AL 25 3 SR Ak B A ST H A
iR PR A U R 1 4 SRR B R AT AR B, R BN
ML (0 A #2365 5 o TR 52 5 5 a4 PR AL 4 B
1 5 >R NDWI 8 B0k $2 B TR 5248 b 32 e 131 1
B 7K A T8 5 1 A, 4 B A7 s 0 A FH 3l i e A HIL
AT PR A A R B 2 > b g ol A 7 A R
B, 24 b BT T 20 23 A 5 0 R AT AR AR B
ROK, H R R 25 b — Ak G PEAS 7 T X AR AE D
1 2K A O E AT PEA o

o R B Al A R A T B R g AR 2k
[aie i A =i N O 7 6 SO S 3 B e & 5 R U B s NT D
XA 9 HL Al 0 e B LR B YA R I R
Kot b B 3 R AR AN AN R 6 Al B AE 1Y &
e S JE AT SEI W 1T L RE X HyE X T AR A A
52 M VR H AR 23 B RO VTAT o HL 3 s Ja 0 14
JREEEYIR IE S REEY M R A RS AR
IR R E i AR AR 45 & A AR A, AT 5k A
YR SIEIE AR . X TAED e )2, 5 HUE &5
VR4 THFR TS B AR W P T R AR R AR AR om B
YEW 0 5618 5 TE w1 YT DL S0 AL Ak Be i
B OEIEA W B 2% 5. HidRE g T 5T THSO -
1 BRI BT K R rb s 0 3 i E R Rl
e 9N it 6T K R A s 1) 77 9 A8 SR B v FH T
PEAT TR T A HLIR 25 R 28 w5 25 A0 N Top 3w 25
A KA T W5 55 A AS [ it 2 =X ) 25 30 0 o 4%
SRR FE KR 43 BE IS W, A6 A W) 9 245 590 I 5 A%
T, TH80 — 1 RUAF & Jo A\ MLt 245 J5 =X % 7K A )5
F L AUFEBIAROR B, O B T2 5\ Tt
%5 BRIEIRTIA RO . 22 TLIE 5 F) AR A )



192 K&k Bl M ¥

2021 4

To NAILR AR HS bE e HUG Hb X7 55 25 0] 4 BE R 52 15
2 H 5 & O LPS IE 5 b B 5 5 A # 3 [
GeoLink {4, S ML E A7 B A5 DR, &
T 25 53 GPS U & 5% ik, kS FE 3 7 AR iR 22k
1.565 m 3% J5 5 Lo A% Gt g 1R 7 M I S Ak A g L &R
G2 i 4 AT ] AR BTG, AT Ay g 17 DX ) T B AL
FEAAL B P I A BRI o

o 1L VR ) 1 B R 2B ) 8 R R AR A
(R H R FR, S A T b 4 R AR ) HU AR i A
(i) 7R s ) 8 S A5 S A S A E B IR AU R4 . TR LI
2 U0 R A A B R T L R AR PR A SR e TR
WL A5 B O B fE R, T B T SR 1 & AL
(Support vector machine, SVM ) ¥ & 55 B 73 245 i)
{4 /INF2 5 R A Ui A /N2 I 4 SRR, O X
AT 5 L BE AT 43 Peo SAR AT LLTE AMLIE 2R
OGS AR A R 18 BCF &, A RIS R 456
AT 5 9] A B8, 7 B RUEE X6 2% /N 22 4 ol o o 17
FREC i kAT 2 RE K, F ] 6% (ASD) [A]
A AR MUY =5 ' 3 s PE A UHD18S S 1% 40 i &,
ZrG i M Ge it o B D K 3 J2% s e S5 PR B R il A
RUNE A& /NZZ AT 05 1% 48 R T, IR T & /N &2 4k
o s s B o A B . R ST AE SR o To AL O 1 8 Jk
FE A /INFE 4 o g ) RG TE W 0 T B IR T B OR S
FFXF R R TR 3 SRR AR A /N 22 4 ol O T R 4
HET IR B
3.4 RAEER

ANk RS G 2O R RS Akl
TC ML, AT HEA 53 A I TR0 b e i 1 5 Dl Aok
TE WA M B2 AR 58 K A Bl S HF . IO TEARAE Y A
Koad B v, i 2 A e AL AT DL S A B e 4k,
PRAEY) 8 S BRI AR A B AR A 1 2% B L % fit
ARDE o G HEREME 2 48 7E 3S FiR LA B AR A
BRI 7 1 B AR SR AR RS MEE R TR R EAR
P [F /R WA [) A= 5 30 ) 1) 0 A9 300 17 A0 VR ) 7 K =
Sl S BPORG R . R R 3 o W RO B
T A AR, AR T /N RUBE 1 38 5 7K 238 40 A R0 2 5K
TR e T 1 AT R . X AT R N T T A
FAOCAE A IKONOS T2 J& 40 N2 <4 WL I 55 R4 11 35
Gy PR A ZE O Al B 7 1k, 9 T 288 SO0 I £k
0k A FH 28 HIORE Y Ko I 25 9 e 25 R AT 58 UE FR 43
BT, DATTTT Ay 4 FH KRS o 8 R B2 (3t 7 SRy oG 20 1) 78 TR 5
EPS
3.5 Hih

Wit 2 o AL 32 J8% 4 R 1) 728 T s, T A BILER B
F14) 32 SRS, 2 PR BT 7K R ) 7K A S5 10 0 B AL TR 1
HLA o 0] [ 25 1 o v K B O 1 R T A

J1 35 SR UR A IR 2, B T 3 T IR A ML AR K
FERAR K 5T 10000 2 % 90 37 3 o 7K 2R R 1 B 4R
e I AL B A STM32 fi b B0 28 B 47 4k 215
F GPRS 2% & 1% 28 Ik 55 % Y , Ml 1T 42 ) o 38 10 31
FEHL W A ALIE AT BCE R T AL . X5
FEH 9% 8¢ AT R R AT ST R K BT M, B
a5 DLz R R WA RYIE T A 4, A TR AR
1o G B AG AN AR U 9 X8 06 15 52 15 10 ] B %o b T
IR TSRO AT R RE Al B K 2 B0 e A XL B
MRERD 25 S W], 4 2 a O AT DRS B B v
HUCRBFY B AR RS R . A
BL TR T G 2 AR Sy 38 T VT S B3 ) 7K o A 4
Ry NG €7 /W15 N ==V 5 R A RS R
T AR PR AR B 3 R i TR . i gt
FI 6 AN AL B 22 J8 B K 20 A 15 L IR i 25 A
B oS B Y BOBE . T ER R LR
AWy BLAIF TS BT B BB T I AML SE — 1 -5 1/
A IR AR AL, B Eh T A% 0 T T T S R 5 i U
SETE R R

4 FERBEMRREZEBEDR

4.1 HEMWFEE@EH

YHTIC AW BT s AR e i 2
ZERH X A, B A 30 DR A I M T AR W K
To ANHLI A B 8] 23 1) b i 20 52 75 SR 5 B B
BLHE 307 BAFAEBER PR o BRI A SR A7 56 38 R0 1T
i, T — R R SRR . FEA
LT LA 7 T

() FE Z AR B A H AR AR, TETLA
BLFE 2 i A A B Bk 22, DR o 184 I A AL 1 1 28 g
JIFNEEMLRE T3, X T 5800 RAE T AMIPERE B H 2

(2) TE 2 A5 B3R WU i e, 7 7 75 2245 BA% i
FeoE ME . IR R TC AN AR E M, T RAR
TE SR I B A B2 A 1k
4.2 ARER

B RETC AL IEAE Ry ARl B2 A — b BLAC A Y 5 5K
AR BUA I 2B 77 07 2, Wtk i 38 B Ak IR AR R e Ak
N 25 DAK: TSI 1) 4 R S SR T = W N Y = S S BT}
NPT R SRR N S AR AN 32 R PR B 2 R 4
= TN ol I (SN AN B o=y 2T S
B, AN Z A fa F B A ORI T Im %R R E AR
METRES . TANK SR BEHENIK 578 &
AR ARAK A ) iff T30 A 72 0 AR OBUAR | 8 s A A Y
FETB, AP AR WA FE ] B A 1Y
A L BFAE AR A5 0 i 2% B 2 BEIRURN BR B A A, T
MG E 225, LU & el s B2 mT .



b 7

W S 3T 2 URME S EA B Al 2 — AL T S SR ik

193

(1) B Z 1045 BB & HoR i & B, T ABLAK
YRR R0 52 A, PR G AT 5 M0 Ak B D 3 R i) R
ZUAE BR S B S 1 0 T PR B IR 23 B
PR S IREA H BB L

(2) Bt To NHLEOAR (1 12, To AHLES UK %
SRR AF T I K A R 4 mT LS e A

T T Z2 PR AE B Y 25 L — R A BOR X IR
GO -5 - S TRl AW G N o A A |
3 B 4 18 S A e 20 A 1 O B B S RO
SR IBCE A A s Ik 2 M 0K JEE S 4l 55 A R
FEAETT A2 T RA R M. B E AR E AL T h A%
GEAl ) B b 2 J 1) e U3, S5t 25— MR Ak

KL NG G S A iy — ML R G 1
ZWRiE

AR S 3k % [ A b A b — R A H R RO AF B

5

FoAR g BARA A R TR A HLIE o - B AR5 B4
AR5 RIBE R Z kA — 5 220, R R Al 3k
W5 AL BT HOR 25 — R ORI i %
=4 T feeBT BEVE AT 7T AR N TS B 2 xR T Ak

P 2 PAE B M OT TSR TR AT, ik IR R L RAE .
2 £ x M

[1] BB S, BF, S MR EARE R R SRE[T]. {0l T %3] ,2003,19(4) .7 - 12.

ZHAO Chunjiang, XUE Xuzhang, WANG Xiu, et al. Advance and prospects of precision agriculture technology system [ J].
Transactions of the CSAE, 2003,19(4) .7 — 12. (in Chinese)

(2] B8R, 5. 32 m A DU AL K P ROl AL K SR [T ] oh AR B4, 2021 (1) 6 - 11.

LUO Xiwen, LIAO Juan, WANG Pei, et al. Improve the level of agricultural mechanization and promote the development of
agricultural modernization[ J]. China Rural Science and Technology, 2021(1) :6 —11. (in Chinese)

[3] M. ZEEREHE M ARGEEBMEBARTID]. iR MR IE LK% ,2005.

XTAO Qian. Research on information fusion technology of multi-sensor integrated navigation system [ D ]. Harbin: Harbin
Engineering University ,2005. (in Chinese)

(4] oA, oL ¥R 2N . TR S R — 9L 35 GPS MG L[ T]. M4 %4 ,2012,41(5) :743 - 748,755.

GAO Xingwei, GUO Jingjun, CHENG Pengfei, et al. Beidou and GPS fusion positioning based on the unity of space-time system
[J]. Journal of Surveying and Mapping, 2012,41(5) ;743 —748,755. (in Chinese)

[5] CEZARY S,WLADYSLAW K,LESZEK S, et al. Diagnostics of the tram track shape with the use of the global positioning
satellite systems ( GPS/Glonass) measurements with a 20 Hz frequency sampling[ J]. Journal of Vibroengineering, 2014,
16(6) :3076 —3085.

[6] GUNNAR G,REIMUND G. Characterization of bridge motions on the violin using polymer sensor technology[ J ]. Proceedings of
Meetings on Acoustics,2013,19(1) :035005.

[7] JIANG X,LIS,TAO T, et al. Multi-information fusion based localization algorithm for Mars rover[ J]. Advances in Aircraft and
Spacecraft Science,2014,1(4) :455 —469.

[8] CHEN P,CHEN J. The multi-source data fusion global ionospheric modeling software—IonoGim [ J]. Advances in Space
Research,2014,53(11) :1610 — 1622.

(9] Z=flif=, 2=, JC APLIE R Ge no B 5T ot 8 5 i T AT 5 [T ] U= 4R (fF B R ,2014,39(5) :505 - 513,540,

LI Deren, LI Ming. Research progress and application prospects of UAV remote sensing system[ J |. Journal of Wuhan University
(Information Science Edition) ,2014,39(5) :505 -=513,540. (in Chinese)

[10]  JAlaEH, s, 2 8 50, 45 . o Bl At 28 AR OR 7 ol 5 R B & JR i [ 7] Al TR %41 ,2013,29(24) ;1 - 10.

ZHOU Zhiyan, ZANG Ying, LUO Xiwen, et al. Technology innovation and development strategy of China’s agricultural aviation
plant protection industry[ J]. Transactions of the CSAE,2013,29(24) :1 —10. (in Chinese)

[1L] v, B 80, G4, 55 JE T UM LT ALY 18 R B BOCHEB R 53R [T]. ARl T2 %4t ,2014,30(18) : 1 - 12.
WANG Pei, LUO Xiwen, ZHOU Zhiyan, et al. Overview of key technologies for remote sensing information acquisition based
on micro-mini UAV[]J]. Transactions of the CSAE, 2014, 30(18) :1 —12. (in Chinese)

[12] LIU Y,XU C,HUANG B, et al. Landslide displacement prediction based on multi-source data fusion and sensitivity states[ J].
Engineering Geology,2020,271:105608.

[13] MOUNEM M,ZHOU S. Estimation and mapping of soil properties based on multi-source data fusion[ J]. Remote Sensing,
2021,13(5) :978.

[14] LIN L, FENG Z, HUI S, et al. Multi-source information fusion and deep-learning-based characteristics measurement for
exploring the effects of peer engagement on stock price synchronicity[ J]. Information Fusion,2021,69:1 -21.

[15] W/, i, 4R, 5. T 0 D6k B o A HL3E I i A e £ S BRI [ T ] lk T2 2% 4 ,2015,31(5) ;152 - 159.
WANG Xiaoqin, WANG Miaomiao, WANG Shaoqiang, et al. Extraction of vegetation information based on UAV remote
sensing in the visible light band[ J]. Transactions of the CSAE, 2015, 31(5): 152 —159. (in Chinese)

[16] XAz, I0iff 58, FhEE , 55 AN [ 43 #F 3 J0 A HLECD 532 18000 5 4% 3 0t b 2B W s Al S A 5 [ 7] el 2 50648 43 7, 2021,

41(5) :1470 - 1476.
LIU Yang, FENG Haikuan, SUN Qian, et al. Estimation of potato aboveground biomass based on UAV digital images with
different resolutions[ J]. Spectroscopy and Spectral Analysis,2021,41(5) :1470 - 1476. (in Chinese)



194 gk Bl 4R 2021 4

[17] Wk, 54, B0 %2, 55 BT 0 AL RS 52 15 (1 4 /N 22 W T AR I8 BRI 58 [T ] b B AR B R0l 27 4, 2016,24 (9)
1254 - 1264.

GAO Lin, YANG Guijun, LI Hongjun, et al. Detection of winter wheat leaf area index based on UAV digital image[J].
Chinese Journal of Eco-Agriculture,2016,24(9) :1254 — 1264. (in Chinese)

(18] XVhds 47 52 %, St i, 55 26 T B AMUECRS 2R 0 & /N E R & & SO [ T]. 4lk T /224 ,2019,35(11) .75 - 85.

LIU Shuaibing, YANG Guijun, JING Haitao, et al. Retrieval of nitrogen content in winter wheat based on UAV digital image
[J]. Transactions of the CSAE, 2019, 35(11); 75 —85. (in Chinese)

[19] ZOU K,CHEN X,ZHANG F, et al. A field weed density evaluation method based on UAV imaging and modified U — Net[ J].
Remote Sensing,2021,13(2) :310.

[20] BHARDWAJ A,SAM L, JAVIER F,et al. UAV imaging of a martian brine analogue environment in a fluvio-aeolian setting
[J]. Remote Sensing,2019,11(18) :2104.

[21]  Ta% A% MHE, 5 ETEREREINTAN SO @RI A HIR [ T]. flb AL A% ) ,2021,52(9) 1213 -220.
NING Jifeng, NI Jing, HE Yijia, et al. Convolutional attention based plastic mulching farmland identification via UAV
multispectral remote sensing image[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2021,52(9) :213 -
220. (in Chinese)

[22] Wh3CEE, AR, K 37T, 55 BT 0 A LR Y E KK 0 I I RCRE 5 A I [T ], R WU = 4], 2021,52(5) ¢
129 - 141.

HAN Wenting, TANG Jiandong, ZHANG Liyuan, et al. Maize water use efficiency and biomass monitoring based on drone
remote sensing[ J]. Transactions of the Chinese Society for Agricultural Machinery,2021,52(5) :129 — 141. (in Chinese)

(23] Hp&%, REX, T, 55, 5 T 38 SO F 0 T8 AL 2001 & AR Y 4» 2607 8 [T ] RO HLIE 24 4 ,2021,52(3)
185 - 192.

YANG Shuqing, SONG Zhishuang, YIN Hanping, et al. UAV multi-spectral remote sensing crop classification method based on
deep semantic segmentation[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2021, 52(3) : 185 = 192. (in
Chinese)

[24] GONG Y,DUAN B,FANG S, et al. Remole estimation of rapeseed yield with unmanned aerial vehicle (UAV) imaging and
spectral mixture analysis[ J]. Plant Methods,2018,14.70.

[25] SHAO Z,L1 Y,DENG R, et al. Three-dimensional-imaging thermal surfaces of coal fires based on UAV thermal infrared data
[J]. International Journal of Remote Sensing,2021,42(2) :672 —692.

[26] SRR, JVC, o308, . B A HLI LT S BRI 50 e J2 IR B R A 002 W AR AR K 43 e aE [T gkl T2 % 4R, 2018,
34(15) .77 - 84.

ZHANG Zhitao, BIAN Jiang, HAN Wenting, et al. UAV thermal infrared image calculation canopy temperature feature number
to diagnose cotton water stress[ J ]. Transactions of the CSAE, 2018, 34(15) : 77 — 84. (in Chinese)

[27] #3C# ,2KE G, % LTINS 5EAES 25 0 E oK 2 B W [T ], &l TR %4 ,2018,34(17) :68 -
75,301.

YANG Wenpan, LI Changchun, YANG Hao, et al. Corn canopy temperature monitoring based on UAV thermal infrared and
digital image[ J]. Transactions of the CSAE, 2018,34(17) :68 —75,301. (in Chinese)

(28] Ui, BrfR e, 7k W, 55 . JC AALILL AP 38 8% S i 6 K AR Jul - 98 B K D7 ik BF s [T ] W5 /K 98,2021 (3) =12 - 18.
YANG Shuai, CHEN Junying, ZHOU Yongcai, et al. Research on the method of UAV thermal infrared remote sensing to
retrieve soil moisture content in corn root zone[ J]. Water-saving Trrigation, 2021(3): 12 —18. (in Chinese)

[29]  SFfh, Feari B IE T, 45 T PO (B S B0 00 AR 28 0 3 0 AL BUAROG 335 M A8 B F 5 [ T ] i % 5063 43 #r , 2021,
41(5) :1543 - 1550.

GUO Wei, QIAO Hongbo, ZHAO Henggian, et al. Research on UAV imaging spectrum monitoring model of cotton aphids
based on ratio derivative method[ J]. Spectroscopy and Spectral Analysis,2021,41(5) :1543 - 1550. (in Chinese)

[30] WALLACE L, HILLMAN S,REINKE K, et al. Non-destructive estimation of above-ground surface and near-surface biomass
using 3D terrestrial remote sensing techniques[ J]. Methods in Ecology and Evolution,2017,8(11) :1607 — 1616.

[31] OTA T,KAJISA T,MIZOUE N, et al. Estimating aboveground carbon using airborne LiDAR in Cambodian tropical seasonal
forests for REDD + implementation[ J]. Journal of Forest Research,2015,20(6) :484 —492.

[32] BHJRZE, £ I8 WA . B ML LiDAR FIERH S B R 70 BT 3 Ba B 309000 b i iz F LT b B b ok 3 5 B
VG279 ,2021,32(2) .60 - 65.

JIA Hujun, WANG Lijuan, FAN Dongli. Application of UAV-borne LiDAR and oblique photography technology in the early
identification of hidden dangers of geological hazards[J]. Chinese Journal of Geological Hazard and Control, 2021, 32(2):
60 - 65. (in Chinese)

[33] SRIRAE,RI507,WIKT 4. RANEAY) 2 8 Vi@ B Wi e iy i B S I [T ] AL 241 ,2016,24 (11) 11267 -
1278.

GUO Qinghua, WU Fangfang, HU Tianyu, et al. The application status and prospects of UAVs in remote sensing monitoring of
biodiversity[ J]. Biodiversity, 2016, 24(11) ; 1267 - 1278. (in Chinese)

[34] JAYAN W,SUPRIYA D,MICHAEL W, et al. Comparison of spaceborne and UAV-borne remote sensing spectral data for
estimating monsoon crop vegetation parameters| J|. Sensors,2021,21(8) :2886.

[35] KANG Y,NAM J,KIM Y, et al. Assessment of regression models for predicting rice yield and protein content using unmanned



B Bl . T 2 AE B A Al 7S b — iR A B s 2k 195
aerial vehicle-based multispectral imagery[ J]. Remote Sensing,2021,13(8) :1508.

[36] ke, BEaEM,JEPCTE, 5. T AN H AN R RN R[], AU R ,2012,43(6) :47 - 52.

RU Yu, JIA Zhicheng, FAN Qingni. Remote control spray system for unmanned helicopter[ J]. Transactions of the Chinese
Society for Agricultural Machinery,2012,43(6) :47 - 52. (in Chinese)

[37]  skifFHs, 22 B, SORE, 55 AEAR TE ML ZK A H 8] 4 245 W7 i AR ML 280 [ T] . AR R A0k K225 41,2019 ,40( 1) 1116 - 124.
ZHANG Haiyan, LAN Yubin, WEN Sheng. Operational effect of pesticide spraying on rice field by plant protection drone[ J].
Journal of South China Agricultural University, 2019, 40(1): 116 — 124. (in Chinese)

[38] vl [, 5k v , WP I, 5. /AL TG A ATLAR 25 W85 305 7 K K FH A9 55 T8 DO AR 43 A M3 EOR B i B i BORWITER [T ] #9007
$7,2013,39(2) :152 - 157.

GAO Yuanyuan, ZHANG Yutao, ZHAO Youcheng, et al. Preliminary study on the deposition and distribution of fog droplets
sprayed on corn fields by small drones at low altitude and the control effect on corn borer[ J]. Plant Protection, 2013, 39(2) :
152 = 157. (in Chinese)

[39] WARE,ZEMWH WGP, % PEALVRS G ARV R HRGREALT]. R AL #H ,2014,45(10) :53 - 59.

ZHANG Dongyan, LAN Yubin, CHEN Liping, et al. Research progress and prospects of China’s agricultural aviation pesticide
application technology[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2014, 45(10). 53 - 59. (in
Chinese)

[40] ANONYMOUS. Lightweight sensing and control system for unmanned aerial vehicle monitoring[ J]. NASA Tech. Briefs,2019,
43(10) .1 -8.

[41] CAO R,LI B,WANG H, et al. Vertical and horizontal profiles of particulate matter and black carbon near elevated highways
based on unmanned aerial vehicle monitoring[ J]. Sustainability,2020,12(3) :1 - 16.

[42]  PEOAVE, HBIBE, & PO, 5. BT IAMLEDGEZAR KR R & = A H [T ] AU ,2021,52(8) ;163 - 171.

BAN Songtao, TIAN Minglu, CHANG Qingrui, et al. Estimation of phosphorus content in rice leaves based on UAV
hyperspectral images [ J]. Transactions of the Chinese Society for Agricultural Machinery, 2021, 52 (8): 163 - 171. (in
Chinese)

[43]  BRFEM,BEIEEE, SRELE 5. B TR0 ADLARAE P 4 35 105 0 36 AT 5Y VLBR A dk S [T ] R AL 5 4 48,2019
(8):4-10.

CHEN Qingsong, TENG Lianze, ZHANG Hongji, et al. Research on crop growth monitoring experiment based on micro-
UAV—taking kiwi fruit as an example[ J]. Use and Maintenance of Agricultural Machinery, 2019(8) : 4 —10. (in Chinese)

[44] Mo, BRMER,ERE, 5. BT AN G0 R TUR X K AW i SO 5 40 4 LT ] Al HLA 2= 42, 2018,49(8)
169 - 180.

XIAO Wu, CHEN Jiale, TAI Hongzhi, et al. Inversion and analysis of corn biomass in coal mining subsidence area based on
UAV images[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2018, 49(8) : 169 - 180. (in Chinese)

[45] Bpfeow 158, H REE, 55 MG B ABLEAROG IS 5 SC B RHIE 19 4 /N2 BUB FR 88 B S LT ] qolk SRR F 5 ,2020,41
(4).718 -1726.

YANG Fuqin, FENG Haikuan, XIAO Tianhao, et al. Estimation of nitrogen nutrition index of winter wheat based on fusion of
UAV image spectrum and texture characteristics[ J]. Research of Agricultural Modernization, 2020, 41(4) . 718 - 726. (iin
Chinese)

[46] BRABER,JIKER, THAE, 5 TR ESHWERIEZ AR &858 [J]. AR R 224 ,2020,51(2) :
218 —224.

CHEN Chunling, ZHOU Changxian, YU Fenghua, et al. Inversion method of japonica rice canopy nitrogen content based on
spectral characteristic parameters[ J]. Journal of Shenyang Agricultural University, 2020, 51(2);: 218 —=224. (in Chinese)

[47]  BEPF, BRME AR ZS To A HLRZAR 53 BER RS A /N RO B SO 52 i [T ] Al LA 2 4 ,2020,51(7) 164 - 169.

JIA Dan, CHEN Pengfei. Effect of low-altitude UAV image resolution on inversion of winter wheat nitrogen concentration[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2020, 51(7): 164 —=169. (in Chinese)

[48] Zh, A% RL. JETAURA T AN KAE I - SPAD {32 A [ T]. 3 bkl ,2017(18) :68.

LI Jing, WANG Jianjun, ZHU An. Remote sensing estimation of rice leaf SPAD value based on low-cost drones[J]. Jilin
Agriculture, 2017(18) ; 68. (in Chinese)

[49] BEE L&, LW, 55 A TE AN RE L RE A/ X B R ERERT]. b E 2@ 4 ,2019,35(3) :62 - 68.

MAO Zhihui, DENG Lei, ZHAO Xiaoming, et al. Using UAV remote sensing to extract corn lodging information in breeding
plots[ J]. Chinese Agricultural Science Bulletin, 2019, 35(3): 62 - 68. (iin Chinese)

[50] abk, 5t ds, THEVE 5. BT ICAMLEDGIGE B & /N2 BRI BO i [T ] 4ol TR 2741 ,2016,32(22) ;113 - 120.

GAO Lin, YANG Guijun, YU Haiyang, et al. Winter wheat leaf area index inversion based on UAV hyperspectral remote
sensing[ J]. Transactions of the CSAE, 2016, 32(22): 113 - 120. (in Chinese)

[51]  skozeng AR, wh 0o 45, JE T 0 A HLIE IR Rk s 8 O VA [T ] RO HLAR - 4 ,2019,50(5) 2241 - 250.

ZHANG Hongming, TAN Ziwei, HAN Wenting, et al. Corn plant height extraction method based on UAV remote sensing[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2019, 50(5) :241 - 250. (in Chinese)
[52] 4 POk, 133 58 A% 5t 45, 45 T 0 A HLECH 52480 0K & FobP kbR g R AT WU [ ] Al T 72 % 4] ,2018 ,34(5) -

73 -82.
NIU Qinglin, FENG Haikuan, YANG Guijun, et al. Monitoring of plant height and LAI of maize breeding materials based on



196 gk Bl 4R 20214
UAV digital imaging[ J]. Transactions of the CSAE, 2018, 34(5) : 73 —82. (in Chinese)

[53] 258w BRMHT, BRI, 5. ST /N JE AL IE 8% EOR BR AR SR B [T ] ARk T 441 ,2014,30(19) :207 - 213.

LI Zongnan, CHEN Zhongxin, WANG Limin, et al. Extraction of corn lodging area based on remote sensing by small drones
[J]. Transactions of the CSAE, 2014, 30(19) : 207 —213. (in Chinese)

[54] BN, BEEM, B, 5T IEANL DSM /N2 BRI 7k [T]. dh E R EAE S ,2019,31(4) :36 - 42.

ZHAO Licheng, DUAN Yulin, SHI Yun, et al. Wheat lodging recognition method based on drone DSM [ J]. China
Agricultural Information, 2019, 31(4): 36 —42. (in Chinese)

[55] I, 20, BRI, BB ARTER M R F WM by i 1], A SR K F %4 ,2006,15(6) : 131 - 136.

YAN Feng, LI Maosong, WANG Yanjiao, et al. Application of remote sensing technology in agricultural disaster monitoring
[J]. Journal of Natural Disasters, 2006,15(6) : 131 = 136. (in Chinese)

[56] AOME, BT, X400, 45 . dbwy & K5 — b KAE A B BRBFFE [T]. A SR K E %4 ,2014,23(1) : 1 -6.

DAI Hui, WU Wenbo, LIU Chunbo, et al. Research on integrated disaster investigation technology for flood disasters in the
sky and ground[ J]. Journal of Natural Disasters, 2014, 23(1): 1 - 6. (in Chinese)

[57] ¥k, sk A0 Al 4, 4. TH8O — 1 A8 £ JC A ALt 25 X K i 32 200 B 3 i B v ROCR BIF T [T ] 0 ma Rk B 2% ,2015(8) -
39 —42.

XUN Dong, ZHANG Jing, HE Kejia, et al. Study on the control effect of TH80 — 1 plant protection drone application on main
rice diseases and insect pests[ J]. Hunan Agricultural Sciences, 2015(8) : 39 —42. (in Chinese)

[58] Z=TLIE, sttty g, &5 AR A /N B T AALIE O A SEAR 7 ¥E [T ] Mol BH62 9T % ,2014,28(6) : 102 ~ 106.

LI Weizheng, SHEN Shiguang, HE Peng, et al. Low-cost small drone remote sensing method for locating dead woods [ J].
Forestry Science and Technology Development, 2014, 28(6) : 102 — 106. (in Chinese)

[59] Freril B0k, W, 55, He T STRe ) AU AL (9 4 /N 22 2 ploiig 1 SR GGR IR T [ 1] 22 BB % 4] , 2014 ,34 (12) :
1694 - 1698.

QIAO Hongbo, JTAO Hongtao, WU Xu, et al. Remote sensing monitoring of winter wheat total erosion based on support vector
machine model[ J]. Journal of Triticeae Crops, 2014, 34(12): 1694 —1698. (iin Chinese)

[60] SRR, AHENE, £507 , 5. BT IRANEDCIEAR M A /N2 4 Dius AT BRI 5T [T . Al L% ,2019,50(9) 1162 - 169.
GUO Wei, ZHU Yaohui, WANG Huifang, et al. Research on winter wheat total erosion monitoring model based on UAV
hyperspectral image[ J ]. Transactions of the Chinese Society for Agricultural Machinery, 2019, 50 (9): 162 - 169. (in
Chinese)

[61] MBI, HEE, IS, %, BT 50 E R B IKONOS $4E 19 48 FH 28 B nd 25 B AE 40 A7 [T ] 4Rl T 2241, 2013,
29(8) :115 -124,293 -294.

ZHAO Chunjiang, YANG Guijun, XUE Xuzhang, et al. Analysis of temporal and spatial characteristics of farmland
evapotranspiration based on complementary correlation models and TKONOS data[ J]. Transactions of the CSAE, 2013,
29(8): 115 -124, 293 —294. (in Chinese)

[62] XIHEWE, 5, 8K, 55 BT IRANBAR MK N kAL E )], B0 ,2016(8) ;23 -24.

LIU Guoyang, WANG Yu, WEI Maoyuan, et al. Water quality monitoring sampling device based on drone technology[J].
Electronic Testing, 2016(8) ;: 23 —24. (in Chinese)

[63] B, BR2GHE, XL AR, 55 T T8 A ML G35 AR A 1 W K B S 8Os i [ T]. A R, 2020,51(3) 2205 -212.
HUANG Yu, CHEN Xinghai, LIU Yelin, et al. Inversion of river and lake water quality parameters based on UAV
hyperspectral imaging technology[ J]. People’s Yangtze River, 2020, 51(3): 205 —212. (in Chinese)

[64] WizE MHiBE,ZFE & KEHTS I IETANE R [T]. & E PRI ,2015,31(5) :163 - 166.

HONG Yunfu, YANG Haijun, LI Ying,et al. UAV remote sensing monitoring of pollution sources in water sources[ J]. China
Environmental Monitoring, 2015, 31(5) : 163 —= 166. (in Chinese)



