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Random Forest Model for the Estimation of Fractional Vegetation
Coverage Based on a UAV-Ground Co-Sampling Strategy
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Abstract A nonparametric regression — random forest model for the estimation of fractional vegetation coverage
(FVC) in a complex topographic area is presented based on low-altitude unmanned aerial vehicle (UAV)
hyperspectral imagery. In order to collect a large number of sufficient training samples required for random forest
algorithm, the UAV equipped with an optical camera was used to vertically capture the images of land covers in
several inaccessible areas such as high mountains, water body and densely forested areas, to increase the density of
the ground sampling. The RGBVI (red-green-blue vegetation index) was calculated first and then the Otsu method
was adopted to extract the FVC values of the samples from the UAV optical images and ground photos. After that,
the hyperspectral images captured by the UAV GaiaSky-mini2 hyperspectral imaging system in the Youlougou
Mining area, Chayouzhong County, Inner Mongolia on August 16—18, 2018 were used to extract feature variables,
and this feature set was filtered by recursive feature elimination algorithm based on the importance of the variables.
On the basis of the optimized feature set and extended training samples using the proposed UAV-ground co-
sampling approach, the random forest estimation model was constructed to estimate the FVC in the study area.
Results indicated that the model achieved a determinant coefficient (R?) of 0.923 and a RMSE of 0.087 on the
testing sample set and outperformed the commonly used Pixel Dichotomy method. It can be used in the fast and
accurate monitoring of vegetation dynamics in mining areas.

Key words fractional vegetation coverage; random forest; UAV-ground co-sampling; UAV hyperspectral remote
sensing; mining area
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Fig. 1 Geographic location of the study area
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Fig. 3 Image of the field sample and corresponding FVC estimations using eight methods
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Fig. 4 Image of the FVC sample in the crop area and corresponding FVC estimations using eight methods

F1 HWEEFGEHSH26060)NRENR AT ANBEEFTHNERBESEHERBE%)
Table 1 Accuracy of FVC estimation of the field sample (No. 2606)image and the UAV image in the crop area (%)

oy RGRI BGRI RGBVI EXG VDVI NGRDI NGBDI CIELab
HiTHT 98.32 76.10 98.65 94.97 98.06 99.63 73.33 98.92
T 89.70 92.66 98.92 64.97 89.92 85.62 87.16 96.60
K2 WREANBITESHEHNESERXESN BEVIJG, ML 4E K R? A1 RMSE ¥ B & F [ . [N
e e o ™ (R EVL, R ST T
prgm e prv= e fiE 4 SAVI, NDVI, ARVI, RENDVI, MSAVI, SR flI
NDVI 0.92 Pirss 0.75 EVL
SR 0.88 P 074 2.1.3 FEHHRKERSHNHEE
EVI 0.89 Porss 0.76 Bl HLAR AR L 7 WEKA JF IR GE 43 BT 3R 85 T
SAVI 0.91 Peora 0.42 FEA . FEIIRAEATN 5 R SRR RS Ul S, 2t )
ARVI 0.92 PCI 0.30 A 2SI LR TR ST 5 UE ARG B 10 7 1k 53R i
MSAVI 091 PC2 0.84 MBS, B2 BENLARAMBEL s LA T2 1 S5
RENDVI 091 fH: YRS AN B 100, TRIE N 11, 43RG

149



R RFEM(ARBIFR) £ 56 &1 20204F 1 H

R3 FHERKEFEITRE

Table 3 Process of feature set selection

R i FHIEAR R
1 NDVI, SR, EVI, SAVI, ARVI, MSAVL, RENDVI, 0,5, Psi045 Pszss  PC2 0.932
2 NDVI, SR, EVI, SAVI, ARVI, MSAVI, RENDVL, 4,045 Psnss  PC2 0.931
3 NDVI, SR, EVI, SAVL, ARVI, MSAVI, RENDVI, pgss. pC2 0.928
4 NDVI, SR, EVI, SAVI, ARV, MSAVI, RENDVI, PC2 0.926
5 NDVI, SR, EVI, SAVI, ARVI, MSAVI, RENDVI 0.923
6 NDVI, SR, SAVI, ARVI, MSAVI, RENDVI 0.901
MIRIEECA 4. 15 22 (RMSE) - 34 4 %] 1% 22 (MAE), 45 383k 1],

22 HEEBEEEMEER

TR FE i 4 A %) BT AR PR 76 %o 3 S BF 5 DX ) A
B 55 BT AR, AN S PR o VAR 1ok,
A6 Ak BH Y G 2 7 300 M X A w7 o R O AR TR
A X, 52 5 X B AP B 33 1) 5
W ZZAE ANV G o BRI AR TR R, B
AR, ARFE T W JEREA AL D, PRI AS SR
AHIE 5340, e TP AR B 2 5 FE AR AR YA . B BRI A
S A R R Jm B R (P 6), e AR Wl 7 = T2 s )
b IXXF Rz A S R ARE R, 58 23 () 43 R 32 T
JERAR H AR R LR AR A AR A TR, HOR A
HEAR PG EEW . FBE H, A K
MR Z A 5iE Nt A X T, SR T ARG
WIS T AR L, R JC ARG S A 1 7 o
BAWNSRMIEHE. IFH, SOGIE AR a8 R ) i fE
FATE AHLAT LY AR HhAE X LR 51 (9 22 B Y
AAEY, RIS E B R R
2.3 BEEM

R T 5Tk B AL AR AR TR B ARORG B, R 129
AR AR AT AR DY 7 56 R A B, JF S A
FEAG B A T2 N BAGOC arkitAT T e, ROt
Ay ¥k, Bl H 6 9 NDVI 4b, i Fl| H ARV,
RENDVI, MSAVI, SAVI, SRl EVIZ:48 %50k 174
B8 5 AN . KA XA S B R AR 95%
5% A ) AELAE S AH S A5 T — 4355 0 e 4l 1 8
gl HIEBROT R B R A, 45 0LERY], NDVIE A
oA Bl 5 R R B, 5 A E PRI ST 458 A
[F. P, A3 HXT Al ND VIR OT — 53k 5
Wil BLAR AL 1) A1k B0KS JE

DL 129 AN FEAS Sy 2 B8, 43 ) 3 Bl AL R AR
B FIMG I Ak A B 45 R 2 R BURY) . ¥

150

GOt Ak T A S, R RP B, (R R
FAETE R KW 2%, RMSE Hl MAE 43 %1 3 0.130 il
0.109 BIRT0.1), f g B A R AR EERCR,; KL
AR VE TE 4 = A B 005 B2 A () I, o 0 22 BRI
R* 1% %) 0.923, RMSE Hl MAE 43 5| F# % & 0.087 Al
0.069 . i b 1 A~ A5 76 T 45 S 114 40 A (1K 7)mT LR
th B ATL AR MRS AR 0 v e AR B 2 a5 R A R 2
AR B84, A5 50 432k DU vy Ak VKA i 7 i X 1 A
B

MR 22 50 A B (] 8(a) T UL, BE ML 2R A
TR A 18 25 BE AR | R (8 0 Y IE 40, T
BoC IR ZZ HE R T 0(Z8 0.06) o [R]if,
eI NN E RS = Wi = ol i 3 S R = (€ B ]
FE O i, WifRoT ik iR B . FIH
TR ZE A B AR B 1R (P& 8(b)) ittt — 2P LA, B
HIL AR AR R f 15 22 Hp (37 28 AN B (42230 0, 1% 00—
SRE IR ZE TP M E R T 0, JFH, KL
ARAGE Y (14 D 4346 ] LG8 /N TR T 43k, 50% L b
(RIRE AR 22 [X 3] M [-0.05, 0.05]. X5 BEHLARAK 1]
F MR 6. TTAMARAEIIHERT, o BB &4
ANFRE B O SR R, SR R R 2
FPAE B 48 B LR M2 A i), A B SR AR B 48 ik 3
Wooh, Sxtal e p W E R . BEALARAR B IE A
BEDLFFIE FE 7 R, B AR 4l 22 R 1) &5 R4 2
T 25, B — R AR S LA RRAE 1 50 0 e A 45 2R
(1R S M FEL XS A /0N o A Sy 000 3050 SR e e 1) A 2 B Y
Z—, BEPLERAMAS ARG FEAR JRRAE /) 43 AR TG ™ #6 fis
W, A5 AL A SR AR TR A B R O

Zi Bk, B LA I S 5SROt
IR ZES AR BN L, UE B AR SCR A M R T
Bl AL AR BAAG T AR EL A 5 v PAOKG E, G X T



FERBA BT 25 Mo bl 1R SR AR A R 5 I B AL AR AR A 55 T 2k

112°18'00" 112°18'10" 112°1820" 112°18'30" E
1 1
N
41°12'30" -
MR 7 /%
[ Jo-10
[ 10~30
[ 130-50
41°1220" -
15075
B 75-100
PR
41°12'10"
BS5 RXEHEEZEMELER
Fig. 5 Estimation of fractional vegetation cover in the study area
(a) B X AN

}I\ 40 m
L 1

6 E#FilxX
Fig. 6

AL ARG E 8 A B R 3 55 1R, A 1 4
AR
2.4 BB 5T

AWEFE BRI AT ZEA B 2 mx2 m,
T BEAT A 5 XA AR o Al 5P (8 P A JE AL ok
TSR M A R 3R 13.7 om, BT 1Z I REAF

FEHOE 25 5%

] B ] 0 .

0~10  10~30 30~50 50~75 75~100

HEESERESEMESER

Image and estimation of FVC in the tailings dam area

S, TR MBI ST . B, AR X
P ER™ X B — e &g . o (RO R A b 7
FEIAR(2 60 mx80 m), A S5 FI IS4 h & M5 T
(G TE R ART R A AR B HE AR, K L AR, 45
FNZAR AN GoTI R E S R)E, KRR
5374 2.05 mx2.05 m i RIA% (X R 15%15 MR R), it

151



R RFEM(ARBIFR) £ 56 &1 20204F 1 H
- 1.0-_ @ ( 1.0-(b) Y
‘% . ﬂ 1 N [
B 0.8 = 0.8-
= = DA
e K .t
B 0.6 4 R 0.6 LI L
# .. 1 Dt
5 .y 1R - .
% 0.4 g 0.4
# 7 # -
g 0.2+ .l . g 0.2 . S
m N e Y
H 3
04 7 04
0 02 04 06 08 10 0 02 04 06 08 10
T 2 R M o5 BB 1
E7 MIGMERSBTZSEGHEERBELR

Fig. 7 Accuracy of the FVC estimations using the Random Forest model and the Pixel Dichotomy method

[ FEMLARMAER B
3T -
30*_
25-_ ]
& 20 - \s.
2% 7N
e 15*_ 17
10 o \
51 [ 47
02 -01 0 01 02
RE

[ 25%~75% — gk

4
%4 )
0.3 ]

0.2
0.1

o ¥{H

RE

-0.2
-0.3

BEHLAR BT BRI =5

8 MHAKRERSGT_NEGEERNRENS

Fig. 8 Error distribution of random forest and pixel dichotomy models

0.9
y=0.957x-0.037

i R*=0.792
0.8 1

0.7 1
0.6 1

0.5

0.3 e
0.2

0.1

0 T T T T T T T T T T T T T 1
01 02 03 04 05 06 07 08
X

B9 ETHMRENEAHENEMGEERZ BNEXE

Fig. 9 Correlation of FVC estimated by the models based on
two scale quadrat training samples

152

SRR WA - B0 R 3R, R BT ALAS 2 A
WA AR B 7 25 . B, A A R 1R o
P S ARG, R LA WA X B R oT L, e
8 Sy K I XA P 7 K 2B TR A £
T AG TOAF B i B SR OT- 4045 51 1 Do) A% A 7 2 B
L5570 FH s ST 359 633 4 1) ) A 4 7 6 B AR A T AR S
SR, SR WE R, K9, XHiFR/R 2 mx2 m
FEIT B EREAN S A g 25, YR R/R 13.7 om
x13.7 em AR TC A 55 19 FE 9 78 55 B2 A2 6 I A 2 mx2 m
FETT N -2 {E

FI G T RUBE Ak B 1 A B 7 25 B 5 75 31 119 2
m 5 M 55 5 2 m MRS PP 3 R A A A
P 5 A C R B R M 0.89, RIIAH - H A5
A, Uh B PR AR B 7 25 R A R, AR BT L
hﬁm@ MALRMETR G, A8 SCHE K iy b TR 7 A

%%@@%RﬁﬁﬁﬁﬁWEMﬁﬁﬁifﬁ
%m@%mxko



PR BEAE 3T 2 R SR B A 4 i BT B AL AR A A R 7 ik

B BEAL AR AR ]S RL AN, A — S 35 fi ] 52
Frm AL, e M2 A S 22 04 1 Il VA 55 2 A
B AT R . AR AT 212 kBRI
7 ANFRAE A RRAE S, A R b AL 3 T SR AL
BP 1 25 W) 45 T 22 S0 28 1 ] A ) ol 4 7 o A4 B A
A, RTINS HT TR PN G R, 5
1 G G IC R AR L, JURIHLZS 2 > B A £ 5
KEMA —EBENRE . Hrh, BRI
) 3 BT 45 45 (R?, RMSE FIl MAE)Y Rt . 4
JC M EAFTE B S A A, SRR AL AL
TE— 5 A2 B AR AR B G, i Bl L AR ARASE AL T I 8 7
e Al A

3 #&ig

AR SCHE TR TEAMLIR R 6 1 8 B AR,
R FH B ATLAR AR ] 03 4387 7 A2 3/ R 1 B A e 7
FE W EAES BN AR 8 2 A KA TE ALK ER
) JEE K 235 ] 433 35 0] L Y 52 A% R e b 1 i e
B, o T T LA T ORAE A L M KSR
PR R, RO T BEMLAR RSP AN ) kT
KA IGEREA GOMERT, [F]IF, 35T BEHL AR A RS
I A% B 1) T B R VA RRAE T BR B, R Ak O
T B AEBLHR RO o S 3 S ARE AR i, Fy
T HAB RGBT, DINSEE AR
X2 AT H M 2V B X R SR IX, HEAT AR Bl A o
FIAG L SE 5, 53 A T 258 .

1) A & 25 1] 0 BE R 09 T A ML AT T2 185K
it AR BURE Rl e 7 o 3 LA A I A P, s
HuPRIE], AT AP AR IO A R, S A D HE L
T HL X AR 5 B AR R A TR O i

2) A FH Bt AL AR bR ] U 55 7 R A5 4 b A B M Y
SR XA W R, W R E(RY)IAF) 0.923,
B 05 MR 22 T2 4 5615 25 43931 24 0.087 AT 0.069,
BE AL AR MRS Y rh B3 A REAE i B R ], A A AR
E TR R 4 7 5 R LA AR

3) 5% G MR I0 43 AR e S 1) AL A L
P BL 2 ST MR LL,  BEAIL AR MRS Y S A 94 7 56
JE ELA O AR B N R A e, B TR Y
Al B AT IS

X AR SCHE H A B RG0SR AR R 1l T SR A
BN GRREA R IO 1L B PTSE I, 75 #b AN [ L 55
FIA [ AE 9 7 26 17 o 1 (0 S 980E, 78 AR BB
HhR I — 2 T R R TR RUBE 5 e A HIL T ok

SEABORAE T 111 /N T i A 300 52 114 e
OPWT o TERFAEZEFETT I, AT 25 R SUER AR R S Z S
FROCTE AR B ARE R AR, #E— 20 2 A A Y
FEEREIE

S % 3k

[1] BRMAR, 2283, Efih. ik &5k,
JEmC: Bher AL, 2013

[2] Lin Z S, Qi X Z. Vegetation evolution with degenerat-
ing soil ecology under unequal competition. Pedosphere,
2004, 14(3): 355-361

[3] k¥, XFEIC, BA. M-S KRR EE.
K AR, 2002, 9(4): 96-101

(4] FELLDT, FEOCHE, WREE. 0B a6 L R A BT ik
MRt . 4 EE R, 2008, 20(1): 1318

(5] BXEEUE. b2 AH BB 25 B A B A U
FEERE. M52 ] AE B, 2015, 38(8): 77-80

[6] BK#HF, ERR, &M, REBGTH e Rlgin.
TS B, 2003, 18(3): 55-58

(7] BREIR. ST IR B IT I 4 8 T A8 9 =
BERREC. BHLATH 5 N, 2017(29): 71, 73

[8] Xiao J, Moody A. A comparison of methods for
estimating fractional green vegetation cover within
a desert-to-upland transition zone in central New
Mexico, USA. Remote Sensing of Environment, 2005,
98(2): 237-250

[9] Shoshany M, Kutiel P, Lavee H. Monitoring temporal
vegetation cover changes in Mediterranean and arid
ecosystems using a remote sensing technique: case
study of the Judean Mountain and the Judean Desert.
Journal of Arid Environments, 1996, 33(1): 9-21

[10] Shll, #h4E, FJ72%, . FT Landsat 8-OLI [
S A i DX B S R S A BT 5. TR R ARl B
i RK2=22 4, 2016, 36(9): 1218

[11] RW, #HE, KEE, 5. TP BRIEANS
MODIS %4 4l 14 55 i A 8 5 J52 F 78— LA H g M
S FOl RN, 2017, 34(1): 40-50

[12] BROF, K& %, L. 2 TREHLARAR B T B9 537
Bl 75 B AR T BT 5E —— LA S T ) 4 XA 2
BB A4, 2018, 38(7): 2384-2394

[13] Baret F, Morissette J T, Fernandes R A, et al.

Evaluation of the representativeness of networks of
sites for the global validation and intercomparison of
land biophysical products: proposition of the CEOS-
BELMANIP. IEEE Transactions on Geoscience and
Remote Sensing, 2006, 44(7): 1794-1803

153



LR (A SR B2 R

Hsek W1

2020 4F 1 A

[14]

[15]

[16]

[17]

(18]

[19]

(20]

(21]

[22]

154

Jia K, Liang S, Gu X, et al. Fractional vegetation
cover estimation algorithm for Chinese GF-1 wide
field view data. Remote Sensing of Environment,
2016, 177(5): 184-191

BN, AIRTY, XNEE. E S — S B 5
M A B O W R —— LA DR R R
BB B A BB, 2017, 33(2):
32-44

Coy André, Dale R, Michael T, et al. Increasing the
accuracy and automation of fractional vegetation
cover estimation from digital photographs. Remote
Sensing, 2016, 8(7): 1-14

Gamon J A, Surfus J S. Assessing leaf pigment
content and activity with a reflectometer. New Phy-
tologist, 2010, 143(1): 105-117

Sellaro R, Crepy M, Trupkin S A, et al. Cryptochrome
as a sensor of the blue/green ratio of natural radiation
in Arabidopsis. Plant Physiology, 2010, 154(1): 401—
409

Neto J C. A combined statistical-soft computing
approach for classification and mapping weed species
in minimum-tillage systems [D]. Lincoln, NE: Uni-
versity of Nebraska, 2006

WK, Eill, R, F. ETAIOLERETL
AP A 5 BRI Al TR 4R, 2015,
31(5): 152-159

Meyer G E, Neto J C. Verification of color vegetation
indices for automated crop imaging applications.
Computers and Electronics in Agriculture, 2008, 63
(2): 282-293

Hunt E R, Cavigelli M, Daughtry C S T, et al.
Evaluation of digital photography from model aircraft
for remote sensing of crop biomass and nitrogen

status. Precision Agriculture, 2005, 6(4): 359-378

[23]

[24]

[25]

[26]

[27]

[28]

[29]

(30]

[31]

(32]

[33]

[34]

Song W, Mu X, Yan G, et al. Extracting the green
fractional vegetation cover from digital images using
a shadow-resistant algorithm (SHAR-LABFVC). Re-
mote Sensing, 2015, 7(8): 10425-10443

FERA, WUEAR, R, . M AN EARH#EAT
FE XA B S R A LRI, 2017, 24(5): 88-91
R, X8, s, % ROGIEAENE SR E
RAGEEIE. A SREIR A, 2013, 28(7): 1243-1254
BREIAE, SeMS, BRISCH:, S5 S [RIE 48 BAl 5 e
B 0 LB g . WA K R R, 2016,
28(1): 1-4

ZERRRN, 2T, mRE, %, 3T Hyperion A B
8 000 T 5 DR g T AL B TR R
2R, 2010, 32(3): 95-100

WA, Wi, R AL R TIS [6)AE B R EOnh B
W 5 B B HE AL Y. R R BEURE K, 2012, 24(4):
95-100

BFELL, WrBimN, JUMEEL, . TR ouiEE
BB BLAR T e U R VR S A . P E R
2, 2017, 39(6): 35-41

Liu N, Budkewitsch P, Treitz P. Examining spectral
reflectance features related to Arctic percent vegeta-
tion cover: implications for hyperspectral remote sen-
sing of Arctic tundra. Remote Sensing of Environ-
ment, 2017, 192: 58-72

Breiman L. Random forests. Machine Learning, 2001,
45(1): 5-32

ZRICHE . BEALAR AR BAE 702 5 [0 U5 23 B o 53 .
B R, 2013, 50(4): 11901197

Tian S, Zhang X. Random forest classification of land
cover information of urban areas in arid regions based
on TH-1 data. Remote Sensing for Land & Resou-
rces, 2016, 28(1): 43-49

FE . AR DR v A 4 7 5 B 78 T8 J e T T 5
[D]. FEANER: NS Aol R, 2013



