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Mudflat region feature extraction method based on UAV
multispectral measurements
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Abstract: As a critical transition zone between land and sea, tidal flat areas hold immense ecological research value. However,
environmental characteristics such as high humidity, strong reflectivity, and complex topography make it difficult for traditional remote
sensing methods to achieve high-frequency, high-precision, and non-invasive detailed monitoring. The rapid development of unmanned
aerial vehicle (UAV) multispectral remote sensing technology has provided a new technical approach for real-time monitoring of tidal flat
areas. Nonetheless, existing methods still have shortcomings in terms of radiometric calibration accuracy, channel consistency, and
spectral feature stability, which limit the accuracy and efficiency of tidal flat land cover classification. To address these issues, this study
developed an integrated UAV multispectral detection system tailored to the complex tidal flat environment. A combined data processing
method was designed, incorporating indoor spectral calibration, outdoor gray-card correction, and global affine registration. This scheme
effectively mitigates radiometric distortions caused by high humidity and strong reflectivity, eliminates geometric and spectral
discrepancies across channels, and significantly enhances the stability and distinguishability of spectral features. Based on this, rapid
classification rules were established using a combination of the normalized difference vegetation index ( NDVI) , normalized difference
water index (NDWI) , and normalized difference water index normalized red-edge near-infrared index (NRNI). Precise identification of
intertidal land features was achieved through multi-index collaborative threshold decision-making. Field validation was conducted in a
typical tidal flat area. The experimental results indicate that this method can effectively highlight spectral differences among intertidal
land features. By using the thresholds NDVI>0.4, NDVIe [0, 0.2] NNDWI<-0.1, NDWI>-0. I N1NRNI> -0. 1, enabling precise

classification of three types of coastal features: the water’s edge, beach forests, and foreshore gravel. The overall accuracy reached
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96.7% , with a Kappa coefficient of 94.5%. With a processing time of 0.001 seconds per sample, the method enables real-time

monitoring of intertidal zones at sub-meter resolution, meeting the detailed requirements of ecological research.

Keywords : UAV ; multispectral measurements ; radiometric calibration; spectral index combination; mudflat features classification
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Fig. 1 Airborne multispectral data acquisition system
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Fig.2 Analysis of sensitive band
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Fig.3  6-channel multispectral camera
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Fig.4 Steps of camera calibration
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Fig. 7 Results of multi-channel image alignment
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Table 4 Spectral values of three types of mudflats
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450 0.071 4 0.022'5 0.068 3
555 0.122 4 0.062 7 0.082 1
660 0.148 0 0.025 4 0.076 2
720 0.162 3 0.129 2 0.064 8
750 0.172 3 0.247 2 0.073 2
840 0. 180 4 0.296 0 0.066 0

P 8 S e K B | Tk AR MR ME Sk oA B AT AL
BN 3 PR [RITE RO A, anlEl 8 (a) Frzs k17 KB i
HERI AR A7 963 ek S A B I A7 AR BOR 22 57
{9149 2 K B O 1 R 2k R A B TR BT
0. 05 ~0. 20 ; HERER AR ILTEREE I 2R AT 3 A B {22
18 )5 3 B LTS BUEAE 0. 02~ 0. 30; #Ek b
AR CTE R M 2B AR B AR, BUEAE 0. 06~0. 08,
AR, £ NDVI 5K T 5 7K B B 8 3 A% bR AT
AR, SRR AR B B B 28 S 2 SR BT
S KR TR DR 3 2 K B R R (8 5 T AR A | vk
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Fig. 8 Results of three types of index inversion
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TV AR B, Ha A AR (17) PR,

NRNI = (DN, = DNy )/ (DN, + DNy,)  (17)
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FEL -1, 1], B DX o3 A R S 2 B v 1 DX, b )
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DIBEAR R R T2 5 I A X0 A0 A1 B s DX K SR
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0, T KR A 08 M | = 25 DX, R i S B AR
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BE X AR 2 R 5 5 505 SR 9 BT, NDBI R
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Table 5 Spectral values of three kinds of mudflat features

BLIM A IS SN, SE TR A 7 A B AR

TRHERS AR 3 YOl 2523

WSk Vb 3 Y2 2R

Pk /nm HEFRARER 3 YOI 455
450 0. 084 0/0. 073 8/0.073 7
555 0. 155 0/0. 137 3/0. 140 4
660 0. 187 8/0. 170 2/0.172 7
720 0.218 8/0.196 2/0.203 8
750 0.224 1/0.202 6/0.199 5
840 0. 239 1/0. 212 9/0.207 3

0.031 6/0.053 2/0.035 0
0.072 8/0.102 1/0.076 5
0. 055 4/0. 095 0/0.061 6
0.165 7/0.194 8/0. 167 3
0. 307 2/0.295 2/0. 286 2
0.347 3/0.324 6/0.325 2

0. 115 6/0.214 9/0. 118 6
0. 138 6/0.267 0/0. 141 4
0. 127 6/0.256 2/0. 131 7
0.111 5/0.237 5/0. 114 1
0.120 4/0.234 7/0. 122 5
0.112 5/0.210 6/0. 114 3

b U R OK PR 0 615 B R A, JC B B W ol
1L, B A 52 30 e 25 g 1K S SR 3R AT PREMEARS AR 11 Y i Rl
BETE e HAE 720 750 1 840 nm P B R B E T
(Fefibk 0.35) B m K- B sl Mk Ay
BT VI L P, 7R 450 ~ 660 nm % BE S SR A X Fa e
(0. 11~0.26) ,fB7E 720 ~ 840 nm i B fz 5t R0 i F %
(0.11~0.23) , B “ @ -k pykash, FEHL-200k
BE MM MRS S R K TSk YDA, R T 2T A B
VR MR S B R 3 v TSk Vb A, (EL 3 S B RS 4
XA a5 G tiE R EGa A .

6T T 3 FER LA Y NDVI NDWI 1 NRNI,,
12 6 TI 1, W /K B A (R V0 sy, H: NDVI [ 4%t
fH/NT 0.2, JLFJC i v 5 , NDWI i f, 3R WK 53
B P AR mAR , NRNT $230T 0, 2 A /KPR PR+ S5 5 1

PP IR AR A VD SR B, L NDVT S 2 e T AR
FE 7 2 A AR R, H NDWI A1 NRNI 244 (i HL46 X6
i U T HIK Ay BR S E  RA WESL VD A (R 4R
#&Ub A, H NDVI Z 7 fE, JLF oA 55 , NDWI Fil NRNI
PILEXHERRAR, PRI, 16 e /K B i AR AE AR, P IR
IRAYFNHRAERR L MERERR I RAAE S iR A AR 43 ToRR
WS VDA AR AE RO K A Al R

TR 7K BRSE I R KR RS £ IR A4, 2 23 R e
WE BRI AT A5 B NDWI A NRNL 64T IX 43 1 MEARS K 3=
SR PN FH BARSEAE T NDVI SR AE 9 AR KORAS
I 55 B A RAR 85, BT LA v] ELEE A NDVT #E4 71X 43,
VoA AR B 2B R e B - T Sk Y S AT
Bk, LT £ B NDWI Al NRNI, & 9~ 11 551K
3 PR b 7E 3 FAE B L0 A EOT L
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Table 6 Index inversion value of tidal flat land features
Eizg TR BR 3 Y 45 2R TR AR 3 Y 45 R WS Vb A 3 YR 45 2R
NDVI 0. 120 00/0. 111 48/0. 090 91 0. 724 80/0. 547 09/0. 681 47 -0.062 63/-0.097 63/-0. 070 91
NDWI -0.213 28/-0. 215 80/-0. 192 41 -0.653 53/-0.521 32/-0. 619 22 0.103 83/0. 118 11/0. 105 87
NRNI -0. 044 17/-0. 040 88/-0. 008 39 -0.353 96/-0. 249 92/-0. 320 52 -0. 004 71/0. 059 95/-0. 000 74
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Fig. 12 Mudflat area from the perspective of UAV
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TERTAE PRI, A A5 X AN (] B[R] B T A M v b A o ik
R TAAY, IIE SR T 2 A LAY SR A2 B[R] LA S
SRR R R SRR S BRI R R G s, R
XoF 55 i ()R SR 4 2 A i B s A B e A GG, %
7iC% T 09:00,.10:30.12:00,13:30.15:00,16:30,
17:00,18:00 % 6 AE AT 215 54, BT 17:00
Ja RBHELS /N, b R B 55, 20k BUR SO AME,
ARCHF 17:00 Z )5 B A TERST

*x7 AEHZNSKEE
Table 7 Meteorological data at different times

2 JeH/ A8 L/ MR/ R/
lux (m-s™!) C % RH kPa
09.00 41 669 0.9 29.1 59.6 101. 8
10:30 55927 0.9 29.5 57.1 101. 8
12.:00 49 397 0.5 31.8 51.2 101.7
13.30 61 231 0.8 33.8 46.2 101. 6
15.00 64 891 0.4 33.1 46. 1 101. 4
16.30 33 039 0.2 33.0 47.6 101. 4
17:00 16 527 0.1 32.0 51.0 101. 4
18.00 1 667 0.5 29.1 57.8 101.5

& 13 Frs R TC AP OGS AR PR 42 1 MR AR X
WG 26, 43 BiE 5k T 09:00,10:30,12:00,13:30,
15:00 F1 1630, RAEEFEIEIRG 1 /NGF 30 43, ATLAEH, G
W LA R U R TR AR IO A i Ze IR
FE—80, WA IR B 3, AU BE 4 5.6 2R A 1T+
S ALZAERUE |,09:00, i E R &4 #) 0. 25,10:30,
I EIAF] 0. 54,1200, FemEIAF) 0. 50,
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Fig. 13 Spectral characteristics of beach forest

area at different times

P 14 Fron 2 IC AL G TE AR DLR 5 1 1 2 7K B
DI 2, nTLUE I, oig e B PR eie T
R K PR IX I T P ) 2 2 PR — B, B 1
B 6 BV A LT ER A UE L, R
12 I AR G (5 i ey 7 A Pk 200 A 'L, B 4 19D
TEEZI0 0. 42,1630 B, DEIEE AR, 97 B 4 HOLIE(H
214 0. 16,

02477 3000 024831 (20
5 018581 5 018621
&®o01238} &®o01242}
X 9.0619F X 0062 1F
T3 4 5 6 T2 3 4 5 6
W B
050561 1500 033381 440
4 03792} 5 025031
&®o02528} &® 01669}
X 01264F X 00834
0 0
I 2 3 4 5 6 I 2 3 4 5 6
BB B
020321 5 00 018051 (20
s 01524} 5 013541
&®0.1016} 2009031
X 90508f X 00451}
0 0
I 2 3 4 5 6 I 2 3 4 5 6
BB B

K14 38R R BRAS [ 2D R e

Fig. 14  Spectral characteristics of coastal water at different times
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4.3 EEWMMgER

Ry B R B A R, AR AR OR TR 2= (8 H
11 H) RFEZ1(09:30 & 17.30) R4 3 FERH4 0956
TR | 8 L R S bR RN 22 0 I ) 5%, 15 8 H — 1k
6 Ve BGIEEAE . BT 0T RER AR Vi R K B A L VD £ 5
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Table 8 Accuracy of sample recognition

FLI) KR TRHER bR Wk b
T 7K b 862 0 0
a0 Sk 38 883 33
T v 1 0 17 867

G 900 900 900
i3 95. 8% 98. 1% 96. 3%

H 3R 8 WLAE KB ATV A i HE 6 2840
Sk F] 95. 8% (98. 1% F1 96. 3% , AR 73 HEH T Ky
96. 7% ,Kappa Z 50N 94. 5% , 5t B AR J7 325 X 3k 14 Hi 4 43
B F I A = Y — Bt K BRAEAS b 38 AN A AR
MOREMARA R 17 AR A WA REAR 33 AN H]
TR, NIRRT 25 200 1E B 43 SRR 55 e, 55 A %
3 MR BARA BAF A e he ) AR S E AR TR AE K
Fr5AAR U0 5K bR 2 Rl BRI X Tk
i BARAEIT LT A0 L0060 B B AV K BRTEST £ ok 2k
J6 AR RIPE TR, At XLk 22 BeRdE A T AR A e
s I X 5 RN BT S | T A ) HE R
A T BRSBTS B T RE 5 B Z 48 B0k
SRRt T 5 R AR M ) 1 25 5, A B RS R )
ANEZES MR B bR,

T30 AEFE R DX ] ST e SO T A 15 3 X
e b 4520 E 16, & 16 FA WEA DX BRI K RS 2]
TR DR 43, ME TR DX £ TR K AR DX 8 5
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Fig. 16  Spectral feature rendering image

AR B S5 5 2 R T A SR T, A SCK BT R A
5 A AT S R AR, A SRR 1) ML (support
vector machine, SVM) BEHLEEMK ( random forest, RF) | A
TAPZ W 2% ( artificial neural network ANN) . Ar HE®E
Yok F © e aok 33 18 % 55 AR 5 e A J5 9 T AL 201
TR AT I UE, 3R 9 X LU AS [A] 5503k 19 1 1 %2 | Kappa
FRECFA BT R, AR SCT7 B HERA R I8 5] 96. 7% , W
T ANN 73k 0.3% , 43500 T RF .SVM J5 i 2. 5% Fil
6. 5% , LA SCIRVE 325 0 i 2 Il o T LA B vk
Kappa FE0H T & 70 A 45 R 5 B 5005 & 19 — 30k,
ANN 1 Kappa Z %0 (95.6% ) %35 & T RF (88.3% ) Al
SVM(85.5% ), 1M T $2& J7 75 1) Kappa R %1 (94.5%) 5
ANN HE3E, i — D B0 UE T o a5 B vy Sk (AR 2
SN WS 2% SRS AT IR D T AR SCHEE X A
FEAHYIZATIIR Y 0. 001 s, 5 SVM (247 [A] 4 24,
FOUT RF FANN, 3R 5 SR8 B AR SCH V5 0O J32
SRR B AE T L MR A AORS B 0 285 oK, SLRE TR IE TR
(R e 1 R A] 3 T I AR S 0 A 37 5

®9 EEHAHER

Table 9 Comparison of different algorithms

Jrik HERH /% Kappa & 50/% BATHHE s
SVM 90. 2 85.5 0. 001
RF 94.2 88.3 0.015
ANN 96. 4 95.6 0.298
FrR Tk 96.7 94.5 0. 001

4.4 BEIFFRWIE

SPPAL A3 SR A5 5 A IR 25 T iz Ak BE T, iR
THEE RIS IGUE S H P B 206 B 1 36 F 0 21 S5, ™
B A YN L — D s 223 2l 57 ™ it U 4 36 i 45 SR B 5K
S WA 3 P

DL — 5 B I 5 43 S A, L I T H A 2
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Table 10 Accuracy of sample recognition

YIEE MWK FEARE MEFR/%  Kappa REU%
2024 410 H 2024 4E8 2700 94.5 91.7
2024410 H 2024 411 H 2700 97.2 95.8
2024 4E8 A 20244E 11 H 2700 93.8 90. 7

P R IR IE 4 R I, LA PR — T B I 2k
Ay (E BLREI A T A 24 B, AR J B AT 92
fefie f1, BRI, LA 2024 4F 10 H B Z=%5088 i)l 24k
i, 7E 8 H B Z=MK 4 FHUAT 94. 5% B HERT R 5 91. 7%
Y Kappa 250, BUIGEMRE T 2.2 A~ H 40 5, X —iB
oS S AT S Y N RS S = g
FNAEBEWEAE , 3L B R B Ty a1 R S, 500 1 A
Bl NDVI FHAE A I ZREE /3 A Ju R Mgl iR 4, [R)B A
11 A2 4 B U ECAS 97. 2% (R HERR R 55 95. 8% (1)
Kappa 250, MEREE: B0 T2k 4E , X2 R oA 2R 5
NDVI s sE  HEh, 50 K BRI X 43 B T 36 K
MR 8 H BB NG 11 A w1 &5k i, e
RREZ 93.8% ,Kappa REUCH 90. 7% , Wk 3 Ml A H Y
SR AL, o e B 2 A Ol 3 R A 1 R P X A A 7 AL
PR T e R Pk, 256 3 450, 5 P R RN
95. 2% , P B0 A HITE £2. 9% , 3 B 4> 25 0 ) B 45 LA
H 2T IS N BE ST

AN, FE5 H e HOG R R TN (0900 2 16:30) , [
ERITXR S L B 1.5 h RE—HEYE, 3L 6 4t
2], BIE 43 ISR X A BH 15 3 A 55 R RIS AR b i
PE, 11 BR TKER WA DA 3 8P 7E B P ES %)
EORER = e AT e

F11 BHANZISHEMERIE

Table 11 Accuracy of sample recognition

. KIHRE JCIsREE/ N —— JAHE
fa/(°) lux w15/ %
0900 35.2 41 669 94.2/97. 8/95. 1 95.7
10:30 52.7 55 927 96.1/98.3/96.7 97.0
1200 67.5 49 397 95.3/98. 0/96. 2 96. 5
13:30 58.3 61 231 96.8/98.5/97. 1 97.5
1500 45.6 64 891 97.2/98.9/97.5 97.9
16:30 28. 4 33 039 93.5/96.4/94. 8 94.9

P 220 5 W 1 B0 I 45 S S s, 43 R 7 5 2ok
ST 0T P 2 B0 LS S 2 ) D' R 7 M, A M R B O R
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64 891 lux I BUSFHRALIERE 97. 9% |, MTE 1630 ¢ M 3
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MR BEAR I 3 AN 4 LN o DK BH o 32 £ 5 PR R 1 6
FOKTE,35° ~60° X [A] (1 B R I HERFAE 95. 7% L b,
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96. 8% AL, T IEAF 12,00 K PH =5 B 5 o Bt v B 2R )
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o VEEE RN AT BN, S e A ML S I AR R T RN
B 1T

5 & i

S M g DX sl R Y B S S  K PR B A AR A S B
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G %N - SN bR R SR 5 S0 57 i — Ak b By
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BT KRG A HER T W b 1 SE RS A3 25, S —
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A RE B I PR A2 2 0 RS (0 e S B2, 0 S ) 57 T
Wi 2230 16 22, 46 B0 G DRl R ML S B A B SR
SERZE SRR %7 vk R K PR TR AR Sk VA
(4 SRSy FAER 23K 96. 7% , Kappa 2 B0 94. 5% | Bk
AR FRRFE] 0. 001 s, Ay AR 25 PR BT ARG 4N 4k W il 4. 43t
TSRS, AR RO R R 2 2 ek - A LT b
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