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1 MREEE

Te AHLIE RRE 5 K T EL{E 3R B
AWFTCRAIRSE Mini fTIHTEANL, #4538 CMOS
(Complementary Metal Oxide Semiconductors) f£/&#%, &
MWL BB AL IR SN 1 s

1.1

143
F=1 AEEE
Table 1 Experiment equipment
BE# Equipment I H Ttems A Values
KB Mini HMERSE Overall size/(mmxmmxmm) — 245%289%56
T IS Net mass/g 249
DJI Mini drone KATEE Altitude/m 30
FLAH Angle of view/(°) 83
FE4 4L &3S Tmaging sensor CMOS
MG ZE Effective pixels 2 250x4 000

PG AL &%

Imaging sensor ZEUERR Equivalent focal length/mm 24

HE 6T H] Exposure/s 1/1 000
1SO /BB 1SO sensitivity 100
& i #% 5K Image format JPEG

/N RIS FH AL 90T /e 48 s T (JB 46 34°44'~35°017,
RE 114°41'~115°15)  (F 12) , FE¥FEKE 670 mm,
A BUR 4 592 °C, KRR 219 d, BT R KRS
WA 5 A 2 E R R, K29 50 m, %549 10 m,
WK 1b FioR . BR56 H 33 sk BRI SR R, DA
ToRE, IR E, REEYNTEE . N SN
“REPL 587, 2021 4F 10 A 9 HAEH 8 1T HAHFERHLIE R
INERERP, ATEEN 0.2 m, FEFPEN 165 kg/hm®. FEAE N
MR . RALER G BN 225 kg/hm?®) HRE
(150 kg/hm®) JRA T, TN Z24% b iy it ) 02

N o ' o '
10°0  112°0° 114%0°  116°0 1456767 | 11475677
1 1 1 -
" 036 12m
N Q75 130 300km R A _.--734°46.140' L1 L34°46.140"
f=1 oy -
o Fo - A
) e | Ay
34°46.135' A F34°46.135'
> 5 bt |
ﬁ' [ b= Sampling point
b 34°46.130'1 (AR r34°46.130'
2 | 2 .
@ - hLL34%46.125'] F34°46.125"
T T T ~_ 4 -
110°0"  112°0' 114°0'  116°0' S
114°56.76' 114°56.77'

a. 1AL H Hh B AT B
a. Geological position of experimental field

A1
Fig.1

FTNPERRS T 2021 4 12 7 5 HsEht, At
HLETERT T EE A 1/1 000's, 1SO EOLSEH 100, KATHIE
N80 m, T ANUEREFLAR M A 73 HE LN 2.5 em. f
H =i k% % PPK-GPS (Post Processing Kinematic Global
Positioning System, JGALHENAZE /> EEREN R0 B
IR0 FH 22 5 p ) B B AR AR, 58 A TE AL IEHZ I
HERCHE . E R AN BN fE, SLRIG IRl R
FEILNX AL 1 m LRSS ADX PO ELE “1 m XT”
DI /N BB, SR 22 A RO T AR TR A
HI PPK-GPS HEERIC AT RAE i (3 BT B AL AR, 1 1b
= AR EITR.

1.2 RANEREGIRE
CMOS  FEIG AL Jk 25 18 5 B T F HLAR S 10 8 6 7114

b. TEANLIEEE 15

b. Remote sensing image of drone

R R 3%,

Experimental area

BNBL OIS E BRI EIE. 46, 40 3 NliE, £t
A, RS EAGE, M EAE. 2. 43 i
BRI EUE Y. T ANLE B G A i 5 45 B R
%7844 (DN, Digital Number) #4571k . DN FA4E
CMOS EUGAR B A H B HUC TN AR, R i K ]
GRS, 2 B R MR R SR S 2 A 1 2
fihe DN K/ SZ PG AR AR O e SRV . NS i 45 A
Fiom, I EGBE RS RLRERE, AR (1D .
DN=L, A, -f AL (D
Ly A, By AL 53N G AR IR AR TR I8 B B 240
AR (x0 kLA SHREE (nm) .
AT TN G RIE R 8 E =R E,

T8 B MBS B Y DN Y I 0~255. DN fE R TR A0 4L
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T RS L AR SR GE L B DN B AR SR A, JER
FH 508 S A A A B SR M 3R I S 3R . R S B 2R R I i
St ES AR RN, BEAT 051 2.

5T EEREUE 40 it b e AR, TEAML
T J2 PR G A A SR A K S A s e AR K i B B DN
B W R I S R HAE R R B b PR SRR
Hinik 5 B G =L A B IRE XS BbR ek,
WA R AR S bR e R (A BB bR ELE
TNV B LANIA N, E T ANLIE R EUE S S B AR
SERRI DN, 256 H O 0 RO 2500, @A AR R
IERERY, M R DN B30 [ e 5l . BRIR R IE
B 7E 38 R R i e K B S I R A K AR,
IKARFERE E 1S 6 B N 5 2K R IRe T
FRERST 4, 30 SR R S5 S 2R A0

AHIF FEAE T AN EUR AL 237 9 TR S %N
2% % 83%MZ bR (K 2) , SHbreEiR A BA
B K BT R e A AR E M, AE R WG SR A
NG (400~1 700 nm) B & GH-FHE I G
SR

Nk
b B,

B2 RATEA 2%% 83%09 K RATEAR
Fig.2 Referential calibration panel with reflectance of 2% and 83%

AT T A B, 2 2 bR E IR K DN 545
T SN ZE M A AR R S R Y, WA (2D
Ref,, =a,-DN,, +,
{Rdﬁ =a,-DN,  +b

i 83 i 83 i

(2

KA i N B G R Bl AR TE ANLIE B G 8
Bl SO B A B B Ref) , 5 Ref; g 20 BIARER
R 2% 83% M S bR E R bR e T 5 0, TG AN
TR ER B B3 25 22 DN, 2 5 DN, g 78 AR
SN 2% I 83% 2 B A 18 AR E o AL Ik R 25 U8 Bt
% DN A b 20 AR R S AR AR ) m e & (T
=) .
1.3 REBRTHE

VRGBT o i B o AL 2% R (IR SR ot o
fR AR B2 23, FEor A & o AR L) CE B,
abundance) . HHT, JRARIC/ AR E BRI
TR SRR AR A . Ze o3 AR ALK VR A R T DG 2
P e L E M AA S, AKX (3 .

S=Yf,-Ref, +¢& (3
k=1

K S RIREBITHEIESE: n RIREE T A B3 7T F
FIINEL £ S =E 5 ; Refy N5 GG 1S S 44
e NIRZET,

TR A TC I 2 M o) R AL R B 25 SCRA ARG . AR TR ]
BENTTIZMN A o AELR it o AR R AL FE T LA e 2 A A |
MEZRARAY | 22 T AR IR o A 28 X 8 AR, A 2R At
AU FE A _E 51N AZ St 0 3R AE H A 8] £ 22 B 208
AT DU b 20 1 52 37 5 R TR 2 IREBUR IR . SR,
BT ARt s A h B 5 28 X oo, A AL (1 JL 4k
PR 5% ZE 38 Ko /N2 1 1 ) J P A 3 s v R i
JC5 I TR ARG T, AR & s R R A 2
WU IR R AR . DRIk, B SR P VR A 15t I 26t
OYRERS, AL TE MR B EUR P TR AR T A AR,
B foNER S 3 2 Fhdlsy, JERMSH N FE
EAET

5 TG AL 3 A8 Hh 3 i TG ARF I A . FH 4 1 5 2R
IR B ICHI E B . AW FOARTE 43 4% e TR 5L
¥ T AL IE BB G BB R S R B AE A —A 3
Yk, X NI B, SR B A B I R
. $REUC AL BB G BT 800 1R S R,
P A A BEALAS e RS I S, ZERE 200 ZHBE
L. HRAES GRS EZHIRN 3 4nEE—H
ZRANLAE b, Gt S Bt RE AL T L S0 B IKEL
I A BE (20 O FIEICEIEE A E B oG,
Bl 3 . B, ghEfgon e, Lt 8 226 4,
Hi b 2.23%; 2 fgouh BT, 2Lt 1046 4, LG
0.28%, HARGICNIAREE T, HH 97.49%.

A BTSSR EA TR g T SR I .
Note: Pixels in red color and green represent the extracted soil endmember and
vegetation endmember, respectively.

B3 RAMER B )56 A
Fig.3 Distribution of endmembers of remote sensing image of
drone

1.4 EREEEMHE

M E 5 IE (FVC, Fractional Vegetation Coverage)
TR AE M IR b 2 B AR SR B A b, 2
SN B A B B AT e AHLIE B K
KEUARH FVC ) FEHARTF-Brz —, BARA 3 Aty iR
Hir 5B g k. TR E (VI Vegetation Index) Hf
REIRIEMG 2 AL R B ) RO R BRI AT H G I8
AT ARG AE R S AR . AU B AT, T 150 R VI
B2 N FHAERE IR A AT I 2 AU, 40 FVC Ak, i
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FRIBHURE . DaA A FH R 0 45

G SETREMHR UL 5 FVC Tk, A g g IE]
& R BRI AR T 3B AR 1T 2 VR A S T e, ok
FEUE . R CHAE K ARG T S B /N 32 FE AR B ) v
o TR, MM AI V2 5l NSO 1R R
i, JREUEVIR B SHAR B T HORSCRE, 186 1T HRHIE
SHNE LS EUER o EI%E, (BAE K G T e & RIEED
FEARFR bR 7 A AE R FE ZE ) . AT BA B 56 AT Fi 3k
PisioR, /NFZ KBRS E B RIE BP A A (138
MRARZE N 19 BRim®, SIS AT Rridt— D4R T,

DRI, ASHIE 705 T TR S48 70 A M 23 B R SR fidg Al
BRFE B =F B A, R RE EARYE G TSt iE T AR
KM FVC Hdi . BT SINETH S FVC, %t iE &
Bl 347 4y RAL B, G 1 O R X 3 (Rol, Region of
Interest) P 4% Kl 73 AAE B REAE G0N B, TR 5 X3
Booa g mtee, wAX 4 s,

FVCP=NV/NI 4
X FVC,v Nov N, 05 93T BT GHER Y FVC
B BRI ARE RN CRE R 70 5 TR A 1 oo 1 R v
H5r) MG IeE A Rol X3 N M5 e A 50

RV EE TR T ST HE SR FVC (B RS B, ARBEST
A5 FH HEL B 4 B0 o0 ) b SRR T T Ol B 22 A3 AR R A A
(VDVI, Visible-band Difference Vegetation Index) . £xZL
#Z47¥8%0 (GRDI, Green Red Difference Index) « %41
bti46%0 (GRRI, Green Red Ratio Index) ) FVC, Jf
XTEFREHAT AT R A K (5) ~ (7)) 733K EL VD VI,
GRDI 5 GRRI, A3 (8) ~ (100 435l 3T S HE 4
TRE FVC 14
2Ref; —Ref, —Ref,

VDVI = 5
2Ref,;, + Ref,, + Ref,
Ref. —Ref
GRDI = —~2te “ ¢l 6)
Ref,; +Ref,
Ref
GRRI = —¢ €
ef,

3 Refps Refg Refp 73 A 0 AR I 50 % B
SR B AR AT (B il BU SR
FVCypy=(VDVI-VDVL,)/(VDVIL,-VDVI,)  (8)
FVCgrp=(GRDI-GRDI,)/(GRDI,~GRDI,)  (9)
FVCgrri=(GRRI-GRRI,)/(GRRI,~GRRI,) (10)
FH FVCypyi~ FVCaroin FVCarp 739 AZETF VDVI,
GRDI. GRRI [ #i7 &5 /%; VDVI,» GRDI,. GRRI, %
8 43855 76 () VDVIL GRDI. GRRI {4 ; VDVI,» GRDI,
GRRI, 737l N 4 3i 76H) VDVIL GRDI. GRRI fH .

2 HBRE5SH
2.1 RANERRSRER
FETC AN R EE 73 A HUR S 5 2% 1 83%

HIZREFR E MR L 3 000 MGG, Giil 23 BRI DN %t
P&, Ik 2 pios.

*2 SRIFERBFENENRITEE

Table 2 Statistical data of referential calibration panels’ Digital

Number (DN)
%jzﬁfgf B Her B EAE iﬂl?%%ﬁﬁ?ﬁ%
reflectance/% 5204 Average of DN Standard deviation of DN
B 46 45
2 G 52 44
R 66 4.6
B 255 04
83 G 255 03
R 255 05

HE 2 AIAL 2% R RS BARERTE B. G, R K
Bt EH) DN BME 2518 46+ 52 5 66, BEIAK 16K B 14
I, KIBL DN FRHEZEE/NT 5; T 83% U 12
AR EMAE B. G, R B H DN ¥ N 255, Hix
HEZANT 1. 6% 2 Bl kAN (), RETAPLE
TR R A5 1 BOAH O 5 S A e A B 3 25 R o, SWES
by FELIC NN K BRI B B AR A S A e 1 A, G
AR D ~ 3) Fiw, BEANIEERE G %9 B DN
FEW A HO R S R

Ref, =0.039x DN, —0.158 3 (1)
Ref,, =0.004x DN, —0.187 5 (12)
Ref, =0.004 3xDN, —0.262 9 (13)

3H DNg. DNg+ DN 73 78 o AL I AR 0 € 30 B
SR B R 4 8 B ) DN ¥l
2.2 REBTHMBER

R F8 840 3ty o B - 38 T R A AR O, SB35 UG
TETE NALIE B PG 550k B b 0 S - 8l i 4 o
B 4wk, W G 7R JE AL IR MR S50k B 1
R i N T R O, BT SO R AE ] X K
I 5 U8 P o S B S 4 0 S /N P B R, TSR
WBOEBIWEAL ;. 52 AR, 3583 7T 0 S 5 R B b
I 9 P 388 o S BT AR K fr e

0.8

G
Soil endmember

HEL BB 7T

Vegetation endmember

S i K Reflectance

0 : ;
W L0 B LB

Blue band Green band Red band
% B% % FkBand name

B4 RAAMER B fon Tt AL
Fig4 Endmembers’ spectral characteristics of remote sensing
image of drone

eI AN BRI & B o SO R 8, &5 &
e HE A (), AEANLERER IR G4
TRENE T R . XA MFEEZ AN 1 AFNAR K
P, A B/ aRE SR A A o R N ) F
ARHCA I FH R BCRS AE 1 = LR, ] 5 s . 7218 5
B 1 R YORIT, UE 0 RAEHIERIT, MR
BICNART 0 BT 1 I%E, RAER &G0 P g
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FBEAE

Abundance of vegetation
fHHigh: 1
{&Low: 0

B 5 ALMF AR
Fig.5 Abundance model of vegetation
2.3 NEREFAHBEERE
WA (5 ~ (7, HIEFREGREH T VDVIL

GRDI. GRRI KRR, FFRESumcHf EaAm, 75
HI$2HCL VDVIL GRDI. GRRI{H, % 3 FizR.
Fx3 EHmTSTIERTREIE RSB
Table 3 Statistical data of VI (Vegetation Index) values of
vegetation endmembers and soil endmembers.

C;Teﬁﬁ“fof MRS RIBREUYM MRS 2
s VI Average of VI Standard deviation of VI
endmembers
VDVI 0411 0.151
*E%&’. GRDI 0.229 0.136
Vegetation
GRRI 1.701 0.641
VDVI -0.006 0.006
L GRDI -0.041 0.005
Soil
GRRI 0.921 0.010

¥R 3 h R REuE B A LR (8) ~ (10) ,
TR T SR 50 FVC E, SREUVH R FVC K FE
B AR /N2 FE A W R THD SR A 5% PPK-GPS 4447,
53 BIAE FVC K5 UG R B DURAFE s O] “1 m W
177 XA I FVC FME, WK 4. Hd 15 AT
SE B AR, 3 A RIS AR T

x4 PMEREFAERHEAEESERESE

Table 4 Ground truth data of wheat basic seedling number and corresponding FVC (Fractional Vegetation Coverage)

NFEFEA R T

AG/E S F5 ) /J\i%?!iﬁiﬁ' Ground truth data of wheat
Dﬁaljff:s Tlf Ea:Ftiﬁi/m Nor:lEJiEnEg/m Wszj;g)jl(;;é;ﬂ;ng basic seedling numger in unit FVCvpoi - FVCaror  FVCarr FVG,
area/(Fk-m™)
1 312 032.19 3 849 343.39 42 210 0.103 0.027 0.021 0.448
2 312 034.80 3 849 343.55 44 220 0.130 0.037 0.026 0.524
3 312 037.20 3 849 343.84 49 245 0.199 0.172 0.121 0.586
4 312 032.59 3 849 338.65 45 225 0.171 0.138 0.101 0.517
5 312 035.49 3 849 338.81 52 260 0.280 0.248 0.199 0.627
6 312 033.09 3 849 334.06 37 185 0.043 0.026 0.017 0.354
7 312 035.78 3849 334.22 45 225 0.208 0.152 0.108 0.563
Sﬁlﬁ?ﬁet 8 312 038.47 3 849 334.59 45 225 0.229 0.234 0.171 0.562
9 312 033.83 3 849 327.87 40 200 0.108 0.079 0.056 0.439
10 312 036.54 3849 327.84 55 275 0.329 0.235 0.165 0.649
11 312 039.31 3 849 327.87 38 190 0.065 0.018 0.014 0.367
12 312 034.57 3849 322.04 50 250 0.296 0.298 0.297 0.587
13 312 037.12 3849 322.15 48 240 0.149 0.058 0.042 0.533
14 312 040.02 3849 322.20 50 250 0.238 0.231 0.220 0.575
15 312 037.70 3849 317.35 44 220 0.245 0.228 0.207 0.553
o 312 040.47 3849 317.35 48 240 0.215 0.197 0.152 0.563
Valﬁ%ﬁf’; set 312 038.02 3 849 338.89 49 245 0.235 0.244 0.176 0.592
312 035.07 3849317.14 48 240 0.264 0.267 0.173 0.579

e LA IR A G A B B 25 22 43 A R 0E A R e B AR IR BUCHE T BB R AR sl s B A b, I8 P PR A SR R FE AR 0 AR AR BEAT 2 8 #e . 2. FVCupvin
FVCoroin FVCorris FVC, 78l 3 0] WG B 22 i A AR AL R4 2 P80 5 S0 U AR B G e Gk SR I W T 7 %

Note: 1. In this study, technique of post-processing kinematic global positioning system was used to acquire geographical coordinates of ground truth samples, and
Universal Transverse Mercator model (UTM) was used to conduct geographical projection. 2. FVCypyi, FVCaro1, FVCarri, FVC, indicates the FVC (Fractional
Vegetation Coverage) calculated by using the vegetation indices of VDVI (Visible-band Difference Vegetation Index), GRDI (Green Red Difference Index), GRRI

(Green Red Ratio Index), and pixel counting method, respectively.

520N, HRYERIE H A AR (5 &A

X @), ik EiR 1 m BT X P R A T AN B

KM EIRA G RER A  EEEE, B N, HETE0

BFIEITH FVC,o FFHAIN (14) SRIPCAALL AL A /)
E 3 YN E A TEER (S

T~T,/0.2 (14)

1 T, 5 T, 53 30 R A TR AR P PR /0N 22 25 A i 50 T A

(BR/m®) 5“1 m BT X3RN BN SR (Fm)

0.2 N/NEFKIEITIE (m) .

I o T AR O A ST A TR N AR S
FVCypvi~ FVCeroin FVCarris FVC, Z IR f45 14 0] U1 455
R, Wi 6 fas, & AL e 25 R 318 0.79+
0.56+ 0.47 5 0.87. R4 36 UF AL V1 5 5% R B [ 1)
JiRi%Z (RMSE, Root Mean Square Error) 4354 6.06+
7.04, 4.43 5 1.97 H/m*. AR S5AEGH0FE TR
FRBE IR A T 5 AR b, SR IR AR ek iR
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AR (Y A P e S /N A A
{1 5E B S A
350 ® FVC

A FVC
* FVC

A [ A R B AT B

¥,=265.6x+178.54, R=0.79
»,=19591x+199.5 1, R*=0.56
¥,=197.07x+204.81, R*=0.47
¥,=274.74x+83.59, R*=0.87

VDVI

w

)

S
T

GRDI

GRRI

T
Wt
S

e FVC
P

- o
= S
T T

%)
S
T

S TRV 2 HE A B
>

Wheat basic seedling numbe

oL A S I ST O]
(%3
S

0 0.1 0.2 0.3 04 0.5 0.6 0.7
TR o
Fractional vegetation coverage

##: FVCvpvis FVCorots FVCarrin FVC, 43 5l 2E T AT Wtk BE 2 4 AEL 4
B8 BRLZEIMEH S S U IR B AR T TSR I R A 2
Note: FVCypvi, FVCaroi, FVCqrri and FVC, indicates the FVC (Fractional
Vegetation Coverage) calculated by using the vegetation indices of VDVI
(Visible-band Difference Vegetation Index), GRDI (Green Red Difference
Index), GRRI (Green Red Ratio Index), and pixel counting method.
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Improving the accuracy of wheat basic seedling number inversion based
on the mixed pixel decomposition model for remote sensing image of drone
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Abstract: Wheat basic seedling number is one of the most important sources of the total number of wheat ears. In turn, the
leading factor can also dominate the wheat yield per unit area. It is an essential prerequisite for the timely and accurate
acquisition of the within-field spatial difference information of the wheat basic seedling number. The variable-rate topdressing
of nitrogen fertilizer can then be implemented in the manner of precision agriculture. The population density of wheat tillers
can often be regulated to realize the fertilizer reduction with a better yield. Unmanned Aerial Vehicle (UAV) remote sensing
imagery can be efficiently obtained at the field level in recent years. However, the vegetation and background features can be
only processed without considering the influence of mixed pixels of the imagery in the traditional agricultural UAV remote
sensing applications. The accuracy and reliability of wheat basic seedling number inversion cannot fully meet the large-scale
production in smart agriculture. In this study, the quantitative inversion accuracy of wheat basic seedling numbers was
improved using the mixed pixel decomposition model of UAV remote sensing imagery. Firstly, the UAV remote sensing
imagery was acquired with a spatial resolution of about 2.5 cm using DJI Mini drone. The relative radiometric calibration was
then completed using the invariant target method. Furthermore, the endmembers of vegetation and soil, as well as the mixed
pixels were extracted from the reflectance image, which accounted for 2.23%, 0.28%, and 97.49% of the pixels, respectively.
The spectral signatures were acquired for the endmembers of vegetation and soil using the reflectance values. Consequently,
the decomposition model was established using mixed pixels of UAV remote-sensing images. The linear decomposition was
used to divide each mixed pixel into 2 components of vegetation and soil. The abundance data was acquired for each
component. The vegetation abundance model was used to calculate the Fractional Vegetation Coverage (FVC) of the
experimental field. The proportions of vegetation endmember and abundance were then evaluated over the total area of “I1m
and 2 rows”. Finally, a linear regression model was established between the FVC and the ground truth data of 15 sets of wheat
basic seedling numbers. The determination coefficient R* was 0.87. Besides, the regression model was verified using 3 other
ground truth data of wheat basic seedling numbers. The verification results show that the Root Mean Square Error (RMSE)
was 1.97 seedlings/m”. The higher inversing accuracy was achieved in this case, compared with the average wheat basic
seedling number of 217.442 seedlings/m’ for the wheat field. A comparative experiment was performed on the FVC thematic
maps. The traditional vegetation index method was used, including the Visible-band Difference Vegetation Index (VDVI),
Green Red Difference Index (GRDI), and Green Red Ratio Index (GRRI). The linear regression models were then established
between each FVC of VDVI, GRDI, GRRI, and ground truth data of wheat basic seedling number. The determination
coefficient R> and RMSE were calculated as 0.79, 0.56, 0.47, and 6.06, 7.04 and 4.43 seedlings/mz, respectively. Therefore,
better performance was achieved in the quantitative inversion model of the wheat basic seedling number using the mixed
pixels decomposition of UAV remote sensing images. The findings can provide data support for the precise variable
topdressing of nitrogen fertilizer at the tillering stage of wheat.

Keywords: drone; model; inversion; agricultural remote sensing; remote sensing image of drone; mixed pixel; wheat basic
seedling number



