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Abstract: Eutrophication and hydrological connectivity influence lake-dominated water networks such as Lake Taihu, and
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contribute to frequent outbreaks of the invasive snail Pomacea canaliculata in lakeside wetlands, urban park lakes, and rural
water bodies. This species has strong reproductive capacity and high environmental adaptability, which have facilitated its
successful colonization and continuous expansion across the study region, posing serious threats to freshwater and agricultural
ecosystems. Most existing monitoring studies rely on a single Unmanned Aerial Vehicle (UAV) or Unmanned Surface Vehicle
(USV) platform. However, due to limitations in viewing angles and operational efficiency, such single-platform approaches
cannot adequately balance large-scale screening with fine-grained target identification. In this study, we integrate UAV-USV
collaborative monitoring technology with deep learning methods to construct a detection framework characterized by aerial
screening, area projection, and close-range verification. Two independent datasets were built from UAV aerial images and USV
close-range observations, covering typical water bodies including lakeside zones, wetland parks, and rural aquatic areas. Our
results show that: (1) the DBSCAN density clustering method can efficiently generate community-level sample annotations and
improve detection accuracy for dense small targets; (2) the optimized UAV and USV detection models achieved mAP@0.5 values
of 0.946 and 0.968, respectively, and maintained stable performance in complex aquatic environments; (3) the proposed air—water
collaborative framework leverages the complementary strengths of UAV wide-area coverage and USV fine-scale observation,
significantly enhancing monitoring efficiency and spatial localization accuracy. This study provides technical support for the
precise management of Pomacea canaliculata in lake-dominated water networks and offers a methodological reference for future

monitoring of other aquatic invasive species.
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Fig. 1 Sampling area and observation images: (a) sampling sites of Pomacea canaliculata infestation; (b) egg mass clusters
of Pomacea canaliculata from UAV perspective; (c) nearshore Pomacea canaliculata and their egg attachment
characteristics from USV perspective
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Fig. 2 Schematic diagram of UAV and USV data acquisition
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Fig. 3 Overall framework of UAV-USV collaborative detection: (Stage 1) UAV large-scale screening and density grading;

(Stage2) Geographic coordinate projection of target area; (Stage 3) USV close-range verification nd result feedback
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Fig. 4 Framework of the UAV detection network
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Tab.1 Performance comparison of different models on the UAV dataset

TR Precision(%) Recall(%) MAP@0.5 (%) MAP@0.5:0.95 (%)
YOLOV8s 0.906 0.906 0.938 0.800
YOLOvV8s-CA 0.877 0.880 0.909 0.737
YOLOV8s-EMA 0.896 0.852 0.915 0.740
YOLOvV8s-BiFPN 0.902 0.899 0.936 0.789
YOLOv8s-SPPCSPC 0.902 0.891 0.933 0.777
YOLOv8s-WIloU-DP2 0.892 0.915 0.939 0.784
YOLOv8s-EloU-DP2 0.881 0.927 0.939 0.783
Faster R-CNN 0.688 0.544 0.607 0.383
YOLOvV5 0.893 0.913 0.933 0.777
A3 F 3% ( YOLOV8s-SIoU-DP2 ) 0.911 0.915 0.946 0.831
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HRHTE S (Convolutional Block Attention Module, CBAM) V2 /IHLHIAT WioU 47 25 i 4 Ayt b 7
RIS [ 4 P 4y TR LR A2 R SR R A R R I, DS E BT PR A AT R SRR e . SEI0 4
KRB, X HEAEWFMER LSS FER T XA, H b Precision. Recall. mAP@0.5
MAP@0.5:0.95 43511i£% 0.946. 0.922. 0.968 F10.677. 4 T-FELEF YOLOVSs, mAP@0.5 714 6.5%,
MAP@0.5:0.9542 714 10.9%; T YOLOV5, mAP@O0.5 #7141 4.9%, mAP@0.5:0.95 #27+#)5.9%. ME
7b FTLAE H, TR kRS B K fPrecision—Recall MR LS T, TEE /KIS T Bt {5
ARG E A R, 2T, CBAM EE A T FRHMEERAEJAIR, 1 WioU BEA#&—
S HIEREHRE TS, A Precision 4%, ViHATERIECHET I RPUIFERI B SARE, BT
TETE USV ISR AT 25 1 B S s (T H R 70 A0 BE AR E IR I 2 300

2 RERIETo AL A R £ B v RexT Bl
Tab.2 Performance comparison of different models on the USV dataset

LR Precision(%) Recall(%) MAP@0.5 (%) mAP@0.5:0.95 (%)
YOLOVSs 0.870 0.841 0.903 0.568
YOLOV8s-CBAM 0.890 0.872 0.911 0.586
YOLOV8s-WIloU 0.861 0.863 0.908 0.586
YOLOVS 0.898 0.893 0.919 0.618
Faster R-CNN 0.811 0.734 0.800 0.458
A3 H3% ( YOLOWBs-SloU-MCAM ) 0.946 0.922 0.968 0.677

23 TANMA T A FRE R b s i 46 R

Tab.3 Ablation experiment results of different models on the UAV dataset

Y Precision(%) Recall(%) MAP@0.5 (%) MAP@0.5:0.95 (%)
YOLOV8s 0.906 0.906 0.938 0.800
YOLOv8s-DP2 0.900 0.911 0.943 0.804
YOLOv8s-SloU 0.888 0.930 0.943 0.807
A7 ( YOLOV8s-SIoU-DP2 ) 0.911 0.915 0.946 0.831
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Tab.4 Ablation experiment results of different models on the USV dataset

pr ki Precision(%) Recall(%) MAP@0.5 (%) mAP@0.5:0.95 (%)
YOLOvV8s 0.870 0.841 0.903 0.568
YOLOv8s-SloU 0.881 0.842 0.914 0.588
YOLOv8s-MCAM 0.877 0.847 0.910 0.585

0.946 0.922 0.968 0.677
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Fig. 8 Radar charts of different ablation settings on the UAV and USV datasets: (a) UAV side, (b) USV side
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MERL: RAHEE
PR 1 SRAE R IX RS
Attached Table I Information on the sampling point area

HALF S Ve PR IES
01 120.37,31.33 TR I ZEH A
02 120.37,31.23 TR A [ 5K 2 [
03 120.44,31.33 IR A
04 120.52,31.36 IRMITR A GRS A
05 120.55,31.31 IR TR L1 2 el
06 120.59,31.41 IR T 5 A IR A
07 120.58,31.37 R iR [
08 120.59,31.35 TELRIR T A [
09 120.61,31.29 PR TARE A
10 120.60,31.25 i
11 120.65,31.33 IR T AR [
12 120.70,31.26 GOIE S
13 120.79,31.45 TR T BE PRI 2P B e Ui AR X
14 120.78,31.34 PN AR VDWIA TS 2 [
15 120.92,31.40 B LT3R AR S ARAR A [
16 120.50,30.98 PRHI T TFSE 5 A
17 120.60,31.04 IR T EE AT
18 120.58,30.99 TR TATECA A
19 120.58,31.05 IR TR HTAT
20 120.61,30.94 IR T OAT
21 120.68,30.98 TR TR A

T AHLR A E 5 TR E R
BRI T AN T A RRLA T BOAR AR BRI B A B 5

Attached Fig. | Egg mass samples of Pomacea canaliculata from UAV and USV perspectives
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[{REa  F= AS

SO0 | TR In B P ) I v B KR TE A\ R ) Sk
Algorithm | Feedforward active disturbance rejection control-based stable control algorithm for high-
pressure water jet unmanned surface vehicle

Require: IMU #E7 = (¢, ), KIHIRE W = (P,Q, 0un), FRESHS = (, 1 rgyn), HHEHE

1 EEWE Tmin, Tmax» ?%%I“%/EH At =20ms, :,H\:':P(I) = (¢, 9,1/))T?\jl¥,7\ﬁﬁ%, ¢ = (p, q,T‘)Ty‘]%ﬁ
FZ, P NWIHEIRT), Q NIE, Ogun = (e, )T AKIEEE ML,

Ensure: 28 JG MIMMA LA G > ¢rer = (0,0, Puo1q) T L HEFES TG Fu € R,

2: RGAIEEAL:

3 BAMIAZHS, WH ADRC #%iw, = 8.0, by == fiifiiPID #iiky =
(12.0,5.0,0.5) . HIEAWIMZREZron = (21, 22,23)T « 0.

4: FRIRAB R

5: FEUMU: ¢, p— B AMED: (IEFZ T, FEIE{X).

6: BHUKIEIRE: P, Q, Ogun Hilits & — BBUKMIRE().

7. W

8: if |§| > Pmax = 15° Ei|9| > Omax = 10° then

9 M ERELE O JFiEH.

10: end if

11 pfssMe (BRSS RAEF J0%E):

12: if SFEFRE NI then

13: Fjet < min(P - Auﬁuﬁg!Fmax)

cosacosf
14: F i < —Fiet | cos a sin ﬁ]
sina
15: Trp < Tgun X F gy
16: else
17: Tff <0
18: end if

19: BE¥EEIE ADRC REtHHI:

20 ST TRRERWER: eops « 21— ¢

21: zy &z + At - (25 — 3wpepps)

22: z; « 2y + At - (23 + bolprey — 3W3€0ps)

23: z3 < 23+ At - (—wieyps)

24: PR uy « —k,(¢p—0) —ka(p —0), Hik, = w2 ks =20,
25! Upoy < (Uo — 23)/by

261 Troucema < PRI (1011, —60,60)

27: fmAEERS] (PD+1):

28: ey < ﬁfguzlg/pﬁ(lpref -

29: Br, < IR(EY,, + eydt, —10,10)

30! Tyaw,ema < kpypey + kayp(—1) + kiy - %Hﬁa\w

3L Tyaw,cmd < BEWE(Tyaw,cmd: —80,80)

32: YPHERG R

33 WwH Tx,ema = 0.0,Ty cma = —Troir,cma/2.00

34: S

35: LRSS T, « Ty, cma/2.0 — Tyaw,cmd/l‘,g[;;f

SEN FET RTK BT ANL-TE AR R 52 A 5 AR BR B 3 T7 i2%
Algorithm Il: RTK-Based Collaborative Positioning and Coordinate Projection Method for UAV-USV
Systems

Require: T ABL RTK SEALPyay = (Long, Laty, Alty), KAM(P 09), HNNS K, B R

18



d, ﬁﬁﬁ%% H, 'f%%ﬁé*ﬂ?(um' vm)
Ensure: HAr B ALSR (Lony, Lat,,y Alt,,) % 95% 15 X 5%
1: RGAIEH:
2 ML S K AR R A, RESS(R o)
3: Hinkadl:
4: T YOLOV8s farUAEAF R IR, SREUR AR 310 (g vy)
5 R R IR IE :
6: R d K2 IE A3 ARG 22 805 (ulyr )
7. BERBEERNARR FEZ =H) :
8:Xe = (um — c)H/fi, Yo = (v — cy)H/fy
9: ALFR RAH:
10: ML — BUIE: [Xp, Yy, Zp]7 = Roow [Xe, Yo, Z]T + oot

11: B4k — NED: [Xn, Yo, Zo]” = R, )Ry (O)Ry ($)[Xp, Y, Z]

12: Hy T AR SR ILE -

13: %% NED Aetri% 2 WGS-84: (Lon,, Lat,,, Alt,,) = GeoProj~1(GeoProj(Pyay) +
[Xn' Yn' Zn]T)

14: PN S BB X ISR :

15: ZEAREMIR ZE S gers FRIEIRZE Dcatins DA Dy RTK EB Irks BRELEFES Lo =
YiliZJT

16: X Zyora FFAE S A, H3E 95% BRI : a = \/11)(5_95(2),b = \/12)(5_95(2),6 =

arctan 2(vy,vq,x)
17: Y EHGIE :
18: ¥ BARIKdk (HobAbds + #2480 B TLIEE REETAM, 51 FHANA R ATE L
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