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Abstract: This study aimed to improve the monitoring efficiency of Brandt's vole ( Lasiopodomys brandtii) in the typical grasslands of Inner
Mongolia, and to more effectively address the grassland degradation caused by its burrowing activity. Traditional monitoring methods,
such as the burrow-plugging method, are time-consuming and labor-intensive, failing to meet practical needs. In response, this study
proposed a UAV remote sensing-based method for monitoring the Brandt’s vole burrows. In 2023, multispectral imagery was collected
via UAV in the typical grasslands of Xilin Gol, Inner Mongolia, and analyzed using object-oriented multi-scale segmentation, vegetation
indices, and two supervised classifiers, i. e. , support vector machine (SVM) and K-nearest neighbor (KNN) , to automatically identify
vole burrows. Under the conditions of using a DJI M300 RTK drone equipped with a RedEdge dual-camera imaging system (Resolu-
tion 1 280x960 pixels) , the study determined that the optimal segmentation scale for Brandt's vole burrows was 30 ¢cm, with the opti-
mized soil-adjusted vegetation index (OSAVI) identified as the best vegetation index. SVM classification based on OSAVI yielded the
highest recognition accuracy at 74. 29% , with a Kappa coefficient of 0. 719 3, outperforming KNN. This study clarified the key parame-
ters and optimal supervised classification method for the vole burrow identification, providing a reliable approach for an efficient UAV-
based pest monitoring method in grasslands.
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Aii I& W B (Lasiopodomys branduii) S N 5t MY e J0 32 203 B, J2— Fh PR B A/ IN 0 e o P L 3

Y s B #8:2025-05-14

BEEWHE N5 IR X [ RRFESL AT H (2023MS03025) 5 6 5% A ShBkE 3 4551 H (32060256, 32060395 ) ; 52 1 A A X BHE 15 H (2021GG0108) ; N5
T A DR R L 0 H (20212D0006)

{EE B/ : X (1999—) Lo Bt 1-AIF50 /A L 20 MWl 2y A 25 5 B i B4 48 Jy T ST, E-mail : 1963948644@qq. com s * Al i fEF AT AP (1967—)

B WL S, T N S A2 5 (R 7 FTOTIY , E-mail Fuheping@126. com; 2 U (1982—) , 8  Fit: , 042 , 3 5 Mk nb 5 5
E5 LR )7 TBFST , E-mail : yuanshui2020@163. com



555 X1

Rl R AR I, 55 - N St LY

AR TG H B TE A LI SR W5 37

B, ANARHI, AR i, B — HR R R R e
R BRI R AR B8 A 2 B 641 I
HRAL S FRURE A T HH I AR B A L YL L 4
A B 5 B R AR TR S0 R i A EG
FH R A AR S, X T ot il e HL v 1 it A

SR ARS8 28 7 T AL G ) N TR [ 1 Je%
W g 2R BSR4 D T T R R i I A G
Lz SR T PR A B B, T2 ORI 4L o3
TR B B 3R Bk H g R R g A s 5
AT R B AR B (L RER 2% 7 MELASE
B PR SRR A sh 2 L 1 A R T By
B, RSB B AR T T BUIR 2% 52 (RHD) 5 5%
RIYRERIT . BN, Shi 255 HE R INILAFFE 4 Bk
BEA TR 600 m DL _E Y B BE E IR i i
SRR AH S o 4% 1E WA FH MODIS A 8 46 #5042
HEREIEAG ik, IR0 E EVI A58, Chidodo
ZETSE 1k NDVT W 28 8 0 2 5 1 X 3 fURP R
AILNDVI 5 R 2 B AN CR(R=0.71), &
5 96 S SR TR & LR S5 R ABUR 23 R AP S )y
PARBURE KA X, KBRS K L &40 A, O
EY R X R, TR R R 7E K
ROE _EPEAL BRFE A SLIREIR R . JC AN
DB Bt — LA T 1 BRUE VR A (R BE RN 25k o 4
S FH YOLOV3 AR K v BB B 4 B i1
XA HER R 92. 37% . FINIEMAFEBFFE AL i B
TR A A B A UAV SRBE T (50 m) , #2194
AR, Fe A TN T E A,
S3MTAR L AR B v FE ) [ BRE R (14 2 [ 43 A B
XPRBE A RE I . X LA IE 2B, TE MR AN BERS
SEP ORS00 AY BUE WE  AR e 4 A N TR A 756
E, 48 E B o MERR RS M . AR S, RE S
WFARZT T N T 2 5 38 8 W I A e A, TR
SR AR Ry R ROBE PG HAL T AT RE 17 JC A L S ) 75
P B W e R B S o B B T
FOAREANRY 2 RE B SRR

B2 TG AMLEE AR A4 , 388 W 2 A5 30 [ £
PR MR TTABDAGAL B G i B B
T AR R b T RRAE 2 AR I TR W O
AR, 2R T ik s | AT ANLEBRH A 55
TRV BB 5] T ) G AR AT (OBIA) | SCHRF )
HLISVM) B BEHLARAR (RF) A, 33X #6754k i B4R T+ T
TRV RS FE R R Y i, Qi R OBIA 4

A R JEARSERAAERLN , 578 T 5F/R 2t
BRI A 20 A FLEE, RSB T 88, 25% HTR I L
FET NIRRT RIS T IR T R 5 A
—ARIE TR B I A R . A S bR PR R
R4 T T BRI A SRS B RS e M o Li S0 R
CGT-YOLOvSn B2 2 RERIAE P 52 1 Rt Bl A I
HIRT 92. 80% 143 JEHE B  Zhang 55 5d of = 4E 45
TR 20 I 5 AR, S T R B ) R RS B e 2. I
A B gE SRR W & T R e R AR, AR
T4 % (RHD) , IF45 6 W oy 2 ikt — e 715
BIRBUSR . #ORE AR R R
TR T T AR 53 0 R0 BP At 22 0 245 R A A 1) HL S, W T
NI 2 BRI W I A R R 0k 5 sk A B 1 Y R
Yk, H Kappa R B0H 13 0. 90, 2B T H = iYL 51

Te ML G A 5 73 B AR gk )z T
ZMER RGN E RISl X (R4S 1%
JREEARSE T KU BRI 9 25 () A A RE IR s e A
B X 8, 25 6 1 0 PR AR S BEN LR, B 5
N GRS TIIN T 5 BRI s A 2s () oA Ak,
PNl 2R F OBTA AR, 7 3 i Sic 185 55 L S Bt 1
91. 00% I BRI 3 G B . X Setf 5 R0, T AHLEE
BREEE 2R R MU 2 & T BRI A
iR R T BRI 43 8 AR 2SR, Sk RIS
TEPRAE TR

A8 TE N3 SR W I AR A T Y S PR 5 o)
SRR B R R A T 2 FR 00 2 v A A B, (LA L
JEHb XA 8 FHAFF ST SRARNT AT B . i oG T iy i
JAf EG H BRI e A PR 2 R BT
TR AR B 3 AT AR (H X SE T R e 435 R
WEMA TR o BEAbh, —BeRF RS & 2otk R il
PR ECF PR EERRAE 33X PR T BRI R (4 G AR
PR R R TE A [ P R BRI 11 S8 /N, ELAT
TR DR IESAAR AT R TRk . B
FWFFE K Z A v 3 o i S8 i AR A B A S 1Y)
DRI, T X SHL TR T A [ P B BRI A AR K
TR ASA, R B o IS e i 2 S S 5t
T EAAEEART BV RIE, B L 1T X A3 G
R SR %) R B R IS TR R 42 ofe | S B WK i
SR X E—E B LR T I AL ARTEZ
SRz H

A5 FH T AMUATT A AR 78 R 5 A [ P R
G3AT X IR 22 TS AG B , SR P ) X 52 1 53 2507



38 WOSE T Rl R el O R OB )

2026 4

AT 22 R 43 #, 45 GobiE (5 B AERE SO RIE
SR FH PRI B 2 O vk 6 A EG L BRL BROTR EA 7 R 1
R 538 S i A 3 R RS AR R, IR R i 5 B
A7 EG H EUR 7R BURAE , I LB SRR ] S LA K 2
W53 ZEARAEIR 7 CRIRG BE b 092N, A i S R e
T IE ML S A W I i O S P B sl AR AL T
R&%,
1 #MREFE
1.1 RIS

W 5% X A A EG T BR 8Y B3 & AR XA 15 4>
R, LT NS FTR X RS 8 B AR S BRI 2
L S A L R R Ml PR AR bR A (1157307 —
116°30"E,44°42"'—45°15'N) , W4k A 1 200 m 45 .
S8 T A B IR AT R RS, Ak T R RN
o R LR AT R N BB X SRR S A 2R TE S A

R BB AP ER 1. 6 °CL s i s <
R 39. 7 °CL R ARIR—40. 7 °C4F HFESR0. 7 °C.
AEREK I 300 mm Ae Ay, EEAETTE 6—8 1, (5 4F
RE7K 11 70% 3 AF- 28 A BEAE 3 000 mm DL [, T4 5L
B RIS O MR R SRR YRR N R
(Stipa grandis) . - 5. (Leymus chinensis) | ft ¥ &
(Cleistogenes squarmsa) A (Allium polyrhizum) .
Fi& (Neopallasia pectinata) 55 . 1ZHBIX 1) A 1R
[X H B (Lasiopodomys brandtii) . B2 2% 4 B (Cricetelus
barabebsis) KL JF ¥ R (Spermohilus dauricus) FIH NI
S.(Meriones unguiculatus) , Jerp A B H B EFH
1.2 iX3e4f

AR I H F K98 M30ORTK JC AMLIE 2 RedEdge
MAAHUSIR R GE 2R R GRS 3. 75 pm (R R 4
BT PIAS 5 3 BeAH ML RedEdge-MX FIH7 Y RedEdge-MX
Blue(#£ 1),

£1 RedEdge TESER
Table 1 Main parameters of RedEdge

EI

LS H

2 85 (coastal blue) 444 (28)*, # (blue) 475(32), ¢ (green) 531(14)*,

2k (green) 560(27),4L.(red) 650(16)*,4T.(red) 668(14),

e 2130 (red edge) 705(10)*, 21341 (red edge) 717(12),
2131 (ved edge) 740(19)*,JT LT 51 (near-infrared ) 842(57)

Gy e 1280 % 960 (1.2 MP &3 BL)

RGB#i 3.6 MP

JSF /mm 8.7ecmX12.3ecmX7.6cm (3.4inx4.8in%x3.0in)

B Efpree J A ISR — U, 1247 RAW

Wi 47.2° HFOV

AR B 1 em BHRZ (BHEE)TE 15 m (400 ft) AGL

fith A2 370 SE AR, AR, SN A A (PWM , GPIO , 8347 R LUK R 633 , TSl i it
1.3 HEIREL FE A TRAR AR A, PR TE MR IR A

AIRIRTE 2023 4EF B FHATEIGCOR S . RERT
[EJERETE /7 10 s 2 T 0 2 s 2 ], RAUE B, KB
BRI T 307, AR Y R A T, T
HLRAT B A 15 m, fi ) B8R K 80% , 55 ] H
BRHNT5%, 7515 m B RATEBE T MIALA 3%
1 em/§RE B H BB 15 D REHBEEF THOEE , FO8E X T
FHIYH 25 mx25 m,

R IRFEA A AR P RN TR 73
TETC AL RATHY 154 1 PN Bl L2646 BRI B, A
T s A b S B BRI 85 e IR TF4F GPS T X
TESEEIRAE O AR B o 3 S A B R 2 FH T S e A
PEAR AR BRI 3 2 45 SRR 1
1.4 e
1.4.1 RAWEIHER AT F R BT

TNHLTEUE BREEG  FI I re 7 i BRI b 2

#l| Agisoft Photoscan Professional {4 H 347 $f $ 4b
B ffi ] eCognition Developer 9. 0 ") 22 R 43|
SRR TRE B,

22 N 43 B A B 23 BN 25 R AR R AT X4
13 2 BT, A1 A G H B LRI RRAE (SO R AE
(25 5% F LR T A0 . BOE AR X B SEORREE
VERE e DL RUEE , X DXl 10 2% R 0 R AT T
MAERRE. 15 B RAE RS, /3 2 X R %5
A7 PG FH Bl B S T REDR T, PRAFAHBLAY /N JEARFN
R, T ELRENS S5 AR X SIE M X 43T o WIAh 3 %1
RS N 10014 2 (pixel) , BRI

£ eCognition Developer 9. 0 H 1) 22 R JE 43 # 5
Bir, BB R AE F i) B AT H— Pk Hy 44 )
E SLo 3% AN 23 0 02 23 FRUEE (scale) DG A



555 X1

Rl R AR I, 55 - N St LY

AR TG H B TE A LI SR W5 39

T IBRE - SEi B EEUE . B ENERAT —
U, X SEREZ IR 1, 3k SEE R ) 2 SO
B T o S AR A T4 BRI 3T B 4l AR i) —
QeI

f=Wo - AH,, + W, -AH,, . (1)

AW, R E EAE  AH A S
1B 5 W WIEARAE BALE ;AH,,, HIER B PE(E
How,,, 5w, 2L,

O FIREE SR EBIRARA T HO S R T 55 i
RN AR MG S B MR B Y [ {7

QG F FEEG S E T OGRS R S50 %
M BRCEDE A e T R AN Rl B
B

AH,, =2W, -0, (2)

Kb WoN & B BALE ; o, & B B bn i
Z e MEEEL

IR i B AR B SR 38 7 RIS 58
ARFICHEA ZR o AR BE - FH X PR BB 3 2 i, 2 [ e
FE T A EIS R UMRAE . TR S5 b 5 605 5

PRI AT
AHshapc = Wcompacmcas . AHcompacmcss + Ws lllll th Aflsmoolh (3>

K AH e BB AH,,, VT
W oot 3 W pmpacnens TC I TR YA, I Z A 1
1.4.2 AARIEHHE

il FIH— Ak 22 A B U (NDVD ™) ek 12358
PHEEAEBEFE L (OSAVD) 20 LU B AL B 5 4K (ratio vege-
tation index, RVI)?¥3 Fj # ¥ ¥§ £ #F 47 7 #r it
H(E2),

x2 BEHEBEHLANXR

Table2 Vegetation index formula

CELEARN LIRS AR

H—1b 2= A B FE 4R NDVI (NIR-Red)/(NIR+Red)
oAb T R s % OSAVI  (NIR-Red)/(NIR+Red+0. 16)
Lb 6 e 4L RVI NIR/Red

1.4.3 RARMMpeGRFELEZES
5T BEHL NDVI,OSAVI RVIiX 3 Fii g 15 50=
SFHEEI(FE3) . FIH eCognition Developer 9. 04K

R3 3T LEMNEHE

Table 3 Three classification rule features

FRAE 2 10 FR R
g REAE Bk PO bR LR
TR ECRHE NDVI.OSAVI.RVI

U B bREZE SEREME
NDVI,0SAVI.RVI

S SR R IE

PER IR RN,y TR IR {5 8 5 2 T )
XFRE5E W 3205k PR, AT e X A R F
FEX R S A s L i 1 b R, O BT
FHMUAAHEAARE 1 S8 b B AR IS, FE5T R
T A S DX IR AE A T4
144 G NE o R ik PO ERE L R

fifi S F 1) R AL K AR 4328 k20 A FG
BT 7 HEAT I AN 4328 o AT ENVIS. 6 4 iy
Band Algebra T H.H[1) Band Math, 73514 A JH—fbAE
PAERNDVI A ML+ e BAR PR R OSAVI A
X HEAE AR R RVIA R 12 FHEDE 668 nm Bt it
ZLAM 842 nm P B AT I IZ A R RS 3 —
LT A Wk LY R &6 2 A RIEL K
TR, RAE B, AN AERUIR . 72753 ND-
VI,OSAVI.RVIEUGTHIEEE R G  fdHIAR o i Jo%
BRI I (ROT) DIfE 7314 R A B DX et
N T BRI, % ROT X 38k Y 1) BT A 15 etk A 71
fEGEHHFT BRI ROT X304 204, A4 7 36 A
) R/ T2 EREE Y LT 5 I B Y ROT X 4847 20
AR T AR R SR AY) AT E bR 1Y)
BB

15 il RS £ (produce’s accuracy, PA) FH 1A%
J&# (user accuracy, UA) . B KK B (overall accuracy,
OA) Hil Kappa £ B0 73 28 FU e 1 B 2547 45
WA

D1l E A B (produce’s accuracy ) 248 1E 8 7 2%
AIREAS K 51228 SRR AR 1 LA, B e 155
bRl 5% (2 R 1) — SR

a.

P(C)==+" 4
(¢) S (4)

L. P(C) R I S BE L o, 28500
BEAERR 2 G TR N N BN a, MR
i PR R T IR b ST

QH F K (user's accuracy ) JEF8 B IE #7321
FEAR I 5 H P O SRR R LUl T
et PP B TR R 2R A ERA 1

UA(Ci) =

S a,
KU, (C) AR P AEEE o, 0 i
PEIE G TTER N R S SN , a, M Bk
3NN i HLSEBRI R kG .
@ RAKEEE (overall accuracy ) 248 # IEHA 0251
JIT A X SR S RO R i AR, P T s A X

(5)



40 WOSE T Rl R el O R OB )

2026 4

SWOEH TR

OA(Ci)z%z::lakk (6>

K0, (C) WF i AR BE N Ry SR 2031
B n HRIC AL, a,, WIEBRIINA k BAER 7326
25 kBT

@Kappa 7 B HR A 555 o S 245 R HEwf v
AFEbs , HIBE TS FEAE 0 2 1, BB 8R4 1 /R o328
SR B — Bk (R 4).

F 4 Kappa BE—E LK HIER

Table 4 Kappa coefficient consistency level table

Kappa REUi — B
0~0. 20 AR — ek
0. 21~0. 40 — e —
0. 41~0. 60 rp A — 2ok
0. 61~0. 80 1R BE Y —E
0. 81~1. 00 L —5
P, - P,
K=T—p (7)

U KA Kappa 250 P, ol WA (8] B9 — 201,

C.40 cm

D.30 cm

BRIV 2H 45 B A R P S R VA AR R T A s P,
HBENL—ECrE , RIBEALIE BT 20 28 0 (4 s 1
S RE R P AT SRR

PF#ZL(EL%'Eilaﬂf) (8)

o n RN A ECR , N IR SEL, o, HTR
AP 1T 2 TR, 0, IRIEFEIF
1T 2B ESIITER

2 HBR5SH

2.1 REMGRESEIRE

43 BIRUEE S 100 em B, 43 HI8CRA A | $E DL IX
53 B K ] FELRR b 0 2% B 5 g B RUBE SR 50 em Al
40 cm, 73 FIBCRARRL, AR 12 B B R 5 73 5
420 em B, 43 BIRCHR ) F T 4 AE 5 25 20 B
30 em ], GEHF BRI DA G b 438 Lok, O HLRT RAAR
I b e B LR AR o W A 1R 0 B RUBE S5 X U BE AR
RSB AT 2 0GR, e 24 e I BeR R
1111, BRI 728 0.3, BB T 0
0.5(El 1),

B.50 cm

E.20 cm

Bl ARRESBIER

Fig. 1 Different scale segmentation results
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Fig.2 The calculation results of NDVI and the threshold distribution of rodent burrow and non-rodent burrow
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Fig. 3 The calculation results of OSAVI and the threshold distribution of rodent burrowe and non-rodent burrow
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Fig. 4 The calculation results of RVI and the threshold distribution of rodent burrow and non-rodent burrow
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Fig. 5 Overlap degree of thresholds between rodent
burrow and non-rodent burrow for three indices
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