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Fig.1 Soil-dwelling termite activity trace dataset
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Note: P represents feature layers at different scales; C denotes concatenation along the channel dimension; CBS is a standard convolution block; CSP stands for cross

stage partial network structure.
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Fig.2 ACP-YOLOvS5s model architecture

1.3.1 ACP-Moudle
Ver. Jedmsr ALt ABcEd e LR, 5
FLPT AL PR S L BB J L To 22 ), A A9 3X 28 U 5
AL B 5 A L) BRI s AR, HET S
HEZENHOES. XMEORREAAAELLX 5, 1
HEERAL T A 3h B AR AR R R, 4B G
Qb PR A ARAE AR AE DA X 4 XSS A 22 7, A T v L
TSNP H R RS BE, IR T IR B T B AR AR A s R Y
MR, ABFFEB T HE MR (ACP-Module),
e 3. ZMHGE 51N B A R BAE S S L], AT
DUAR AR AN 5] PR B 9 25 B 3l Bo0s B R RN Ya el .
kUL, ZAHGE AN BRI B A, R R
i 7 o AE 1R 6 1R B DX TA) [low, high],  FF 48 b A= B 265
Ry, =l (D

mask = sigmoid(LightConv(1 - (low<x<‘high))) (1)

A 1R RS A 1% e BRE W R 7 T T8t R LV

[low, high] A IR RAEBEE N 1, TR HARE B E N 0.
LightConv & — M ELERZ, W AR IHEE
AREE, RIS CREFASRFAE 1 78 0 Rk B 1P, Akt
B R AR (B AT R A A B B, B R A R KR 1
i JEE 1) ) IS 0 RS P T SR RSZ PR 3R 58 A7) sigmoid
B O R G AR 1 AT AR ZR R O, KRR E
LGS 0~1 Z [ X (AP, XD IR E K EE, " RiT
Ja B ) AL BRI R RIS 5 A RE W SEORE B 3t S A N RFAE
OB, AT 5 e A AR X B A K (A B RE . BB
[low, high] A2 [ 52 (1, i 2 38 i W9 2% 1 B 3 W 2 > i
FERF R XA E &N STHLEIR T T ACP-Module 1%
e K RAE T, 8 L BB AR A R 55 75 SR AN Eodls 2 A )
e, RERSCIRANVE I . A2 T 2 R AN AL PR
FGE B RN 5, XM Bl &R B RE V)2 R
PR ) A AR B R o AN FT Bk K 32Kk, A5 ARk
A SRR RHT IR e g ke, Wk (2.

low<x<high

Color perception

Threshold mask}Sigﬂ(ll Lightconv }—» 'I__-
}

L{ Lightconv H Star block*x

Star feature extraction

——————

H i
11| Lightconv :| Conv I Dwconv I ReLU |:

H DwConv I—GB—» 1
t ' @ Concat along channel

1
: ® Element-wise multiplication

Element-wise summation

L o o o o o e e e

T T iyl

!

[ DwConv | ®-__Conv

1

: =

1

! Star Block

g

ACP-moudle

A3

B & 1 AR & R S A SR A

Fig.3 Adaptive color perception module structure

adjusted features = LightConv (x) X mask 2
i NRHIE x @ B 8 2B E LightConv #3HT 40,

%J7 B AR T 5 2% L [R] CR AT TR AE G R L
AR R AR BE B — AN HEAT B T R B SRE R AT



224 flk TR (http:/www.tcsae.org)

2025 4F

IEHERS E ST R E B R E TS . Xl A, A
Ji% ] adjusted features fE % ¢ R 46 5 B B A RFAE, IX
—HRAE ] DL B SR AT T e OB TS B R RIE R X
AT 78 e S 2R A G 0 EE AR A0 (1 o IS 3 5] R

[ 3 B B (ACP-Module) AR 5]\ T A
REAE S B 73, ) 3% DXl 0%E 422 45 ¥4 A Star Block 42
K, RSN G IR S () 52 28R 4E . Star Block
SEEEG TIREN 2 BERE Z E AL (MLP), 18
XML G, AR TE TRHE AP R R S KA R
Star Block [ #% 0 F7 R & B e 4F  (star operation) , N
BEARLHE SR T R 25 M RE IR . B SR HR AR BR 8 K B N RFAIE
BIL SR 1) — S e 4E R AE B M RR AR 23 (B], SR T B S AN
THHERILERE, MBI T Z 2 M HEL 32, ok
Hi PR AR PR B A G 2 e KRN RE T X R
AUTE WS 3128 GR o) A B8 51 AE A X Ve . ek
A5y AL T g B e 22, A v R PR T
M. BRFEAR B —MuuRIoRERE, TEHH
T 2 [ R AE A A o SRR AL Rl 6 S W8 AN S A 5
Tk B A R B IR O RE e A St B A, i HR R
Th 7 AR TR A Kb P R P A OGN A B R AR I R R e 1 2
fefieJy. i St B e A, Star Block BRI T —
FhA 250 80 77V RN s R Ak 2 18] 145 Bmsh MR &, AT
A A5E 2R A TR0 PR I8 1 AN 5 A 0 8 A0 B 5 L HE B s P 0
JSLPAE R S RE T, Re S TE ORI TH R BRVE BRI R 52 T
SR RHAE RN G0 5 1G58 X — R R E BRI H AR
IRBE A EAT RS BRI OGS R AU G, H
TEAWFTE w x «wix, FHorbw Flw] 5351308 2 MRS
PALEFEPE, x RORMNRHIE M &, 5 RHE ) &
H— Rl TR EIEM LS, TR B BRRE )
o XM ERAE 5 A% 7V A R v A A R LA
FRIARACLAE 280 R T ik o o 5 o i 38— A 7y 4 2 )R
fE DA TR AR 25 A Fh e ME AN T 3 B ) . SR ALl b, @i 2
FeHRAE, T b PR A0 N AR AU A e e 1 — A v B AR 2 M T
fER IR, XSG IR AR B HE P 25 1) o HE DA X 23 R =X
AT R AR 43 o X PP RORAMUR T TR AR
FBARAE sy A E AR, i H B T R U s
THYEEY R, DR O B N R 2% 11 v B R
¥ E R E BRIt (3, H o NEIURHERZ
B RE, XA 7R T E RS A5 .

d d
y:ZZwilxi-wﬂxj:ZZa/Ux,-xj (3)
— £ .

AW 5T Star Block 8K VR B 7] 70 E B (b
itA dweonv Al dweonv2) LK 1x1 HBAH (krid iy f1 #1
2) M4sa, ME T — MRS R AT R R4t
RIBWFHER NG . BAAM S, MAFHEE & iR
FE AT 4> BB dweonv BEAT AL B, %D IR B fEiE T B
S HHEMRFRT AR, RN CRUERFE A R IE
Fe ROk, ACFERIRHERE RN AN 2 N HFAT I 11 B
933 (fL FR2), FEIX 2 NorscHf, FRAE o i p gk — 20
B, DA CE PG IRRAIE R IR o 1 28587 AR B )RR 8
I ReLU6 WU B EGHAT AR LR B0E ,  LBUE A 58 1
BEROHREAE B BhAS W N BE J7, TN T LB R RS

M, NG SRR IR RS ELER A T AR, i Y
fERE S TR T R ot AT aRVEIE 5, X— D B g T
TR B AR Z A B, ik — 3R TR A AE AL B 2 e 8
PRI RIARE T, TUR AL S Rl i — B IR
S EAER dweonv2 AT ACER, ZEAUHE— P AHURRE,
i@ It DropPath FARBEAT IENI Ak, AT 3G 58 1 A8 )2
tefigF1, FFEBFIERE AP, REMESRBURE LR (star feature
extraction) KT NFFIESN A 2 N33 — ANl i
BEREHZ LightConv HIEGHEAR] y,, 7 —A4 3N
Jeifid LightConv HEAT WP FEAEIR IS, #— P&
Star Block SRANLAFMEIS T y,0 2 A4 SRS H @ T ER
IR S @ TE R ) PR AR AT R R . X —2P
BAAREE 7 %o SR M, R iE IS Rk, 358
THRHE RN B AME, TIHE R T RMER R EE A
k. &%, REENRITEL S - EREXENE
LightConv #HATH#t— & 403, WX (4). LightConv
PR ESIA . PR T 7 B & U ReLU B0 oR 50 2H 1k
MR EEAE, He s (5) . EAE RIS R
TUFRESE R, FR#SOR TRIERENEE . did R
EHERZ LightConv 1 Star Block, HEH 868 7E A4k
FROERTE RIS, W A A B AR FE . X
bS48 5 AL 3 OIS B 0 B AR I O B 2, (F191%
BEHCAE H T s h B d s, HERAE SR A IR A5
HOR IR B RE .
y = LightConv(Concat(y,, y,)) (4)
LightConv = ReLU(Conv(DwConv(x))) (5
R e R 5 B ERIGR A VLE S, BHiE
N B R AL (ACP-Module) BEWS H & N HB IR I 18
SR NARFIE . E SRR A R T — PRl A ST A AL
i, 3X— L] e 08 A 4 N B 0 LA D 3 A T
BRHER PRI S 58 . 4k, B ARAE S BG4 8 i R B
2 H AR P2 X LR AE PR Z R, AT 3 S
TR B I PRARRE T B AR IR AE T Rl T £ JRK
HIE) E G R GE 75 R R IE S B IR BEREAE 08, R e 4k
AR5 P it 7 A AR R IE R 7R . X PR & B RRAE
Wb PR T EAMN S = T RFE R IA BE 7y, WAk 7B AL X
82 23755 B3 B M RD TR0 R 1 o B IR R AR BT
ACP-Module Bl T £ Ak B v B 52 2% (1 1 WL 5 28 S 4L
A I R A, AR 2 R N 3 5 AR e S I
LR R R I .
1.3.2 CARAFE 24 L RAFAR
CARAFE ( content-aware reassembly of features) 7#%
PO —FhE T WA B E E A FREROR, i
ot B A B A R e N RRAE 3R AT R o B SRR T X
w2, FER TR LA KALIX 3 B A IS Bhid
FMIE 5T, CARAFE BEHLI P 25 I8N R PR D0 R G et
B RE ISR WO B P ()R 8 R AE A N i R E R
FEERE, AT SRS RA R 2 1 0E B 78 G 40 5 FH S5 44
AR TAE B E 58 2 P8R Bk, RiEEA
H s B 1) B AR AT B 2% Hxk, R I L fi)
IR EHRE. 455E — N KRAINACXHXWHRHE E X


http://www.tcsae.org

1M AR

T ACP-YOLOVS5s i) 47 13 B0 5328 5 5 225

M— A FERFEHRo, CARAFEK £ — 1N K/ N

CxoHxoWHIHEEE X o X T %0t X i AF 4T B bRz
B, ERNFEEXEE — A0 R EA B L. 5 (6)
H N Kencoder) 72 718 BA 1R A 5 A1E R X kX k7 [X 35k
e w A B AL B T — AN B W, HE
MW (7)), HrhgRWAEBMEHBY, Bk X
AR RSt w, kT E .

Wl' = 'J’(N(Xl, kencoder)) (6 )

X, = (N (Xiukop). Wr) 7

AHFFH, CARAFE B H 2 A7 44+ 1 b )
TAE, ARSI T RAE RS . gt EHERIEA,
T 325 1) fi 24 FRIRRAIE S SR AR o IX — BB 1) ST B A4 DA
T 4 AN REODIR, B IREE R E AL H bRt
DAL AL REAE B 0 B 1 s Ly R RN RE ), @ T &
F S A BGE ST R . AP BONRHIE R4,
SN RRE B X g e il — NG AR R AT I8 R 46,
W AR W, i (8) . X IEiEEg S RGBT
WD TR A, JF Had pg e s S B, AR
Wit J5 S0 BB B RRE, A R AE AL B s 3T S Al
BRI EY, {5 — NS X R R R AE
RWilt 17t — b giid, 4R e EZ, BT R4
BMEEMELANE, X (9. X—PRBELHmDE
RIZRBVRHEE B, BE08 7 AC A TR 4 15 iR P2 e
77, AE SRR G A B RS B M B A AN B 41 R AR REAED . 5B
SASPEOMGFREHE, gdEIRHER] W, 254 Pixel Shuffle
P AE E B HE A R A S AR, s (10D . Pixel
Shuffle £ /F il ik B HHE 2 SR VL e 1) B A A% 454,
XA = T REAE B I 2 B 23 e, 3 Ry o I i )RR AIE
BN T HEMNSEIEEPY, B — N5 BN R
FFSEMH, XHANFEEXPEAT Unfold #:4E, DLREITHE
AIE VT B 2 20 45 A% I RS o 44 Ji i io o = 4 AR 9 P
TR, e EmEA, Wl (. X—
S5 IR SEBURFIE Y SR 1K G B, B AR T RHIE IR IE
71, IR T ERARE R A ) 2 0 e B AT AR

W = Conv(X), W € Rt 8
Wene = Conv(W), Wy, € R Cectextir>ier (9

‘/Vshufﬂed = PixelShufﬂe(Wenc)’ Wshufﬂed € Rkangh,XW, ’
K =hxscale,w =wXxscale (1o

Xunfolded = Unf()ld(Xupsampled)’ Xunfolded € RbXCXkath'XW, 4
k2,
Xout = Z Wshufﬂed X Xunfolded ( 11 )
i=1
U R AR SHOR, b ALK, g AR IA 2% 1 1]
JZ B B B E R, R R w AR 3R R AE I R R B R
scale AR FRFFIIREEL, k,, RBEESF T2 Wone
Fongeid PixelShuffle 315 )& FURFAC AL A w'3RoR 45 1]
HEE Xopsampiea R ANFFAE B, Xippougea 278 4T Unfold
JRIEER, ¢ RonGHREMTIEIELR: X, RnZhi.
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FAAUARAL TR AE A BRI AR, 3 38 2 it w5 i it 4R AE
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14 RBFEE
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R MRS s AF B & R AL FE 2808 Intel (RO
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(RS o A PR a6 4 SR i) — B A mT L, R SR A
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W REE (P BREE (R, PR EYHE
(mAP50) . ¥ iz 5 % (giga floating-point operations
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(model size) LA [FIBAL N B Bh 328 GG I P g
HER W (12) ~K 4).

P=i (12)
__ D (13)
To+ Fy
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0
14)

1 N
AP50=— > AP,
m N;

A T R SEBR 9 1E 28 91 HLA A5 A Pl Iy 1 28 1) SE 451
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T 27 S bR 9 97 28 1 A A5 RS 1E A T Oy £ S 1 sz 491)
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B 545 YOLOvSs 1528 v i %5 [X 8% 42 CSP A
W)y 38 N B AN (ACP-Module) J&, HEAI7E 4R
TESEEfE J7 Je AL BB R YE 7 TN T R .
Kl 4 JE7r 7 5l A ACP-Module Bl 5 % F 804> K AL iR 515
BURIRT b, sy KL R LR LR, F B AR T
B R R DL L SR B 4y LA A A
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Fig.4 Comparison of model recognition performance before and

after incorporating the ACP-Module
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TECRFFRAK B URTE FERI R I, SR 52 2 37 s IR A 2k ik
P, 5 /R T YOLOvVSs 5 ACP-Module 5 i 31|47 o
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% 1 ACP-Moudle B# AR E CSP #=HAYIAIELER

Table 1 Experimental results of replacing CSP modules with
ACP-Module at different position
Va2 b2 ) e
BB R AR o
Replace  Precision/ % Recall/ %mAPSO/% S Parameters Model
GFLOPS size/MB
BB Al 876 86.7 90.5 350 13647876 27.7
PSHIESEI T
EERERL 87.7 81.6 87.2 259 9774205 19.9
Neck (Head)
HFM%
Backbone 88.3 86.2 91.3 24.8 9430565 19.3

2.2 HEGIRAIE

AT ST AL XS AT 1 S0 Bk G 5 R AT T
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R RERLH) ACP-YOLOVSs A5 7Y, fEPEAE EARR T K
ST TR ) R AR R L 1 2538t ACP-YOLOVSs
RS R =3 91.2%, HINT S ANHES A F
KSR IR T 92.3%, BN T 2.9 N4 . XL
£E/ T ACP-Module 1 CARFE e (IR 7E 45 ZR R85 T
FLAG B R RS e e AR AR R R R e, TEAR BB
TR VA AP EAN TR AR T R D H . 4 sl ] ACP-
Module i, 5 )RS B 28 A1 mAPS0 43 551 1A 5] 88.3% ANl
91.3%, o HAZISEHAE & FHAR Y (1) B A4 R G B 7 T 1)
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REME SR TH 7 [F1 3%, H HORS 1 % F1 mAPS0 AH LE 5 (5
F ACP-Module H FT [, XK EIR CARFE FEHXT 2
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HFAE. 5 ACP-YOLOvSs AL, B AR B ph A e o
HERT DLAE SRR gy T $E PR RE, {H 5881 ACP-YOLOVSs
T TR 525 Ao T P €0 VIR 8 RN 2 AR 1K B T iy 3 T
BT AR S g . M, ¥4 ACP-Module Al
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Fig.5 Comparison of YOLOvS5s with ACP-Module at different
replacement positions before and after
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Table 2 Comparison of ablation study results

o b R
; VT iz o
ACP- KR HhRE . ZH KA
Moudle CARFE Precision/% Recall/% mAP50/% 54 Parameters Model
GFLOPS X
size/MB

— — 86.2 84.7 89.4 23.8 9112697 185

R — 88.3 86.2 91.3 248 9430565 19.3
— v 87.8 85.1 90.4 241 9252801 188

\ w/ 91.2 87.7 923 251 9585501 19.6
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ACP-YOLOVSs 5 7 5 §i7 32 0 H bl A B 3k 47 % T
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Ebfi i, ACP-YOLOvSs #5884 R P H B 25 AL 4, 4551
R FYIRE EE YA J7H . 5 Faster R-CNN A EL, ACP-
YOLOVSs [¥] mAPS0 $2 /& T 6.7 AN E 7 s, BRI T HAE
WHEE 5 ISR KEE /. 5 YOLOvVSs #1 YOLOvSm
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e REFE T, Ao 15245 R A AE AR 56 I K R IR 57
W HL S bR T fr . BAR YOLOVY #7Y f) - 1)
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Table 3 Comparison of experimental results between different

models
ey %7 327 1,

g HE AR T L e
Model recision/ Recall/ mAP50/% GFLOPS Parameters Model

% % size/MB
Faster-RCNN 85.9 85.4 85.6 120.3 42736728 163.1
YOLOVvSs 86.2 84.7 89.4 23.8 9112697 18.5
YOLOv5m 87.8 86.6 90.9 64.0 25046953 50.5
YOLOvS 83.3 87.6 90.1 284 11126745 22.5
YOLOvV9 91.1 84.6 91.9 102.3 25321561 51.6
ACP-YOLOv5s 91.2 87.7 92.3 25.1 9585501 19.6
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Fig.6 Comparison of recognition performance between different models
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Identification of soil-dwelling termites activity signs based on
ACP-YOLOVSs

WANG Yifei' , LU Weiping? , YUAN Tao® , CHEN Longjia* , ZHANG Feng®* , WU Pengfei'* , HUANG Qiuying®*

(1. College of Informatics, Huazhong Agricultural University, Wuhan 430070, China; 2. Key Laboratory of Termite Control of Ministry of
Water Resources, Huazhong Agricultural University, Wuhan 430070, China; 3. Engineering Research Center of Intelligent Technology for
Agriculture, Ministry of Education, Wuhan 430070, China; 4. Hubei Provincial Department of Water Resources, Wuhan 430071, China)

Abstract: Soil-dwelling termites are highly destructive pests that pose significant threats to hydraulic engineering structures
and garden trees. These pests are notorious for causing extensive damage. Their activities were often characterized by mud
covering, mud tunnel, and swarming hole. Early and accurate identification of these activity signs is essential for implementing
timely and effective termite damage early warning systems and control measures. However, detecting the activity signs of soil-
dwelling termites is a challenging task, primarily due to the complexity of natural environments, diverse background
interference, and the frequent difficulty in distinguishing termite activity signs from their surrounding environment, particularly
in cases where the colors of the signs and the background blend together. To address these practical challenges, this study
proposed an advanced one-stage object detection algorithm named ACP-YOLOVS5s. This algorithm was an improved version of
the widely used YOLOvSs model and had been specifically optimized to enhance feature extraction and color perception
capabilities in complex natural environments. The core innovation lied in the integration of an adaptive color perception
module (ACP-Module) along with a dynamically adjustable threshold learning mechanism. The ACP-Module intelligently
analyzed the color distribution of input images and dynamically determined the optimal color threshold range. This allowed the
model to automatically adjust its sensitivity to colors based on varying image contents. This mechanism effectively mitigated
detection instability caused by color confusion, significantly enhancing the stability and generalization capabilities of the
model. As a result, the model performed exceptionally well even in complex scenarios with high levels of environmental noise
and interference.To further enhance detection accuracy, a CARFE upsampling module was incorporated into the neck structure
of the model. This module played a pivotal role in expanding the receptive field and reorganizing feature information, enabling
the model to detect finer image details with a greater precision. The design of the CARFE module greatly enhanced feature
fusion and transmission, which was critical to improve detection accuracy in real-world applications. This optimization not only
boosted the model’s performance across various environmental conditions but also significantly improved its ability to detect
subtle termite activity signs, such as mud covering, mud tunnel, and swarming hole. Extensive experimental validation of the
ACP-YOLOVSs model demonstrated its superiority in detecting soil-dwelling termite activity signs. The model achieved a
remarkable precision of 91.2%, outperforming several state-of-the-art models, including Faster R-CNN, YOLOVSs,
YOLOv5m, YOLOVS, and YOLOV9, by 5.3, 5.0, 3.4, 7.9, and 0.1 percentage points, respectively. Furthermore, the model
attained a mean average precision (mAP50) of 92.3%, representing improvements of 6.7, 2.9, 1.4, 2.2, and 0.4 percentage
points over other models. These results underscored the effectiveness of ACP-YOLOVS5s in enhancing detection accuracy and
adaptability to complex environmental conditions. The ACP-YOLOvVS5s model represents a significant step forward in object
detection technologies for pest management. Its development offers a powerful tool for identifying and mitigating soil-dwelling
termite activity, providing substantial benefits for hydraulic engineering and garden tree maintenance. By ensuring the timely
detection and precise control of termite infestations, this model makes meaningful contributions to infrastructure safety,
ecological preservation, and the advancement of pest control technologies.
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