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Table 2 Key characteristics of the selected rainfall events

e I A FREREC R WEWERE/ (b

E Ly /min /mm FHBIME KE
Cl1 2011-06-06T05:15 2011-06-06T09 .47 272 7 1.5 72 17
Cc2 2011-07-09T14 .13 2011-07-09T17:56 223 12 3.1 84 110
C3 2011-08-06T18:16 2011-08-06T18;31 15 5 20. 8 60 10
C4 2011-08-26T21:31 2011-08-27T01 ;04 213 13 3.7 120 146
C5 2011-09-04T22:11 2011-09-05T02:11 240 15 3.7 72 59
Vi 2012-06-29T04 .33 2012-06-29T08:03 210 19 5.5 108 169
V2 2012-07-14T16.04 2012-07-14T18:.18 134 9 3.9 96 53
V3 2012-07-27T22.37 2012-07-27T23.18 41 11 16.7 84 103
V4 2012-08-22T03 .02 2012-08-22T03 ;51 49 7 9.1 96 19
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Figure 2 Flowchart of the optimization method for

sensor placement based on model calibration
BE AN, S /N A B B BIL AP X A TR A A% 44
RIS S R DERiiR > o= D RITE Y 8 I )
PEAT 5 R WP BEAE 912757 S8 09 H br s B . 1)



100 PSP PN i 3 - S QRIS )

2025 4F

B Sy AR A 5 1 S B0 R AR S5 AR B | R
2 WEE RS i T 0 A0SR %0 S 800 & 3L
B, Bk XT GA J5ik, MG Ry 50,k A48
PR T WA LA F MBS RBETF K&
F4 20 X B bR ok 8O & A B 8 A8 b 3 F PSO JF
B BMERGE N 11, T 149, 8T N8R
200,21k 44 RRMSE,, <0.25, X354k 8
TE S BIREFE AR AN

2 HRESMH
2.1 BEMmRUHRERRZNES T
B, LS A KA 0 a5 R ] o3 i S AR A

Aii Fy XA RUAS R B 52  , SR AT 2 B O i, HE Ak
A AT GA T k1 A K A7 W I i A SRy T 5
Forp X R R 7 58, 2R 1 PSO J7 ik E AT B RLAL
B (UL(2) ), Hy PP A R A (A 4 365 07 8 i ( DL X
(3)) il ad Pek 58 SOFIAR S R AR 26 A BE B Al R, B
LA 3N e L s U i A R 5 58, e 3 T

F730 ##&FFID
A ZITRIED S
Vo RIS

B3 s BEMNamENSES
Figure 3 Calibration models at flooding points

for 5 sensors

() IR, >R JH 23 18] 45 2] A1 09 22 96 07 125 A 5 e D
S RARE G 20 A 33k b 22 36 A JRy 7 1 1 R AR
HO W AARAF R WK RS &, A
1) b 4% 5 A 1 M 00 s, DTG 87 S 0 £ R R X 2 2
M TSR, 5 BRI AL S0k B BEAL
P A — 5 D0 7 58 R R AT 5 BT RIS BORA% , JF R
4 Yy B[ T A EAT SR 0 B o S [R] I T SR Y
TR A A 0 3 UE 235 X L DL 3R 3

Hi P 3 AT AL Ak 7 58 0 28 56 T 48 Y W I A

JRAETE R FE 25, N 3 MxF g B m LA %)
TR — W A, oIS e A & B, 7 &
F1R) A8 A A TR X PN 35 s AL ) DL 9 A 2 359 B 8 £ T &
5 7 58 WAL AR TR (P 5 AL 1) ST B0 A 40 o i P 3
SHETE 729 53% ) o 3% Ud IO Ak W DU A1 Jg R LA
2P AL AL PERE

by itt — 20 R P B AR AR A JR) O s i A e | i
BN 35 35719 45 F730 Ak iR K7 A8 Ak 45 S ik A7 X6 L
AT, I 4 TR o B 4 P R AR IR SR RN — IR
IR AZ BB IESE 5 2 5 vk, H I 4 WA X TR
F Cc1/c2 MRIEF M VI/ V2, LA 7 %R %
5 AR K AL A 2 B S LA R Y
TamARITSE., SRR @S SR R
AT LA T A A4 A ) S A | R T R KA A
TR AR, (oA A% A TR L 8 B 4 18 A 41 350 000 2 i
2.2 MW EHEERKZZESS

SR FH T 12 35 5 A0 A8 A 1) A ) a5 A A ) i
Sy T W s B M S 1,3,5,7, 10 B9 Wy
S8R5 W s 5 %o A R A A% 1) R ] [R) ES  OR
FHZ 55 7 AR A8 W) v 349 5 A AR N ER 2 A ) e
25 XoF AN [ W 00 A 50 T 7 e 30 Ty 2 Sk A A
MEAZ SR S, F A 30 04 A [ 4% ) s f ik
MR MAR AR R T ZmE 5 i, s oA
RAI NI ERTI &g N o o S R DN o 1
BT B R X, D 2 A AR IR N B IO G
BT (L5, 7,10 AW s ek A R T %) . TRl
BF Ak SR O3 28 v, M I s O Al 58 4 B D B ™
AR, XU B N B ™ Y SO AR R AR AL
R B OB T AT AR AT, AR b 258
A7 Jri 7 28 FU2 T W A A 28 R A AR 3 A1 M R
RE A R BT P 95 FROKAE B0 Y DG 1

R A5 79 o 00 5 %2 R R R A €1~ €5 AT
BRI SRR (5 ) IR FRE R F A VI~ V4 51T
WAL AR TR B AIE |, 43 7 6 T 5 7 A% A% 56 i B B A
S AR ME e RRMSE 1IN 5 5 kb A5 R0 1 R
RRMSE,,,, WV SHEFIbRAE2E N 6 i, o,
PR LN BRI 5 YOI A A% G0 IE 25 R 1 B
E22 520 AN Wi G DAk T 8 3RR BT A B 1 AL
8 <22 26 W DN o A A i 7 22, T DA ORI AT TN 5 1 T

R3 SABENRMRREE N R EREXT L

Table 3 Performance comparison of the calibration models at flooding points for 5 sensors
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Figure 4 Comparison of water depth evolution curves at node F730 through different

rainfall events for calibration and validation
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Figure 5 Layouts of optimal sensor placement for different number of sensors
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Figure 6 Model performance at sensors and flooding

points for different number of sensors
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Analyzing the Influence of the Number and Layout of Sensors on the Calibration of

Urban Drainage Models

HUANG Yuan', XU Xin’ ai', ZHAO Min', LI Mingyu', ZHENG Feifei’

(1. College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098, China; 2. College of Civil Engi-
neering and Architecture, Zhejiang University, Hangzhou 310058, China)

Abstract: Urban drainage models (UDMs) often involved a large number of complex parameters, leading to signif-
icant challenges for model calibration. Existing studies focused on calibration methods but neglected the impact of
monitoring point placement on the calibration effect. It led to the issues of poor generalization ability and low relia-
bility of the model. In this study, the real-world UDM in the town of Bellinge, Denmark was taken as a case study
and optimization methods were utilied to determine the optimal layouts of sensors under different numbers, therefore
the impact of the number and layout of sensors on the UDM calibration were analyzed. Results showed that increas-
ing the number of sensors and optimizing the sensor layout could significantly improve the accuracy and robustness
of the model calibration. For instance, the average prediction accuracy of the calibration model at flooding nodes
with the optimized layout scheme with five water level sensors improved by about 53% compared with the spatially
uniform layout scheme. The study also revealed that the UDM calibration problem faced the challenge of " parameter
equifinality" , which hindered the accurate deduction of true parameter values. However, a calibration model that
met practical requirements could still be obtained when there was sufficient observation information. For instance,
increasing the number of sensors from one to more than five enhanced the overall prediction performance of the cali-

bration model by over 38%.
Keywords: urban drainage models; urban flooding; model calibration; optimized layout of sensors; number of sen-

sors; particle swarm optimization
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Protective Equipment Wearing Detection Algorithm in Construction Scenarios
Based on YOLOvS8n

LI Jun, ZHOU Keyu, ZOU Jun, ZENG Wenbing

(School of Mechatronics and Vehicle Engineering, Chongqing Jiaotong University, Chongqing 400074, China)

Abstract ; In view of the problems of protective equipment detection, such as information interference, uneven illu-
mination and occlusion in the construction scene, a lightweight algorithm with improved YOLOv8n was proposed,
which was called YOLO-LA . Firstly, the weighted bidirectional feature pyramid network BiFPN was introduced in-
to the neck, and the underlying details and high-level semantic information were improved through multi-path inter-
active fusion, the multi-scale feature fusion performance was enhanced, and the detection accuracy of the model for
small targets in complex scenes was improved. Secondly, the C2f-ContextGuided module was used to transform the
backbone network in the baseline model, and the global context information was used to calculate the weight vector,
to refine the joint features of the local features and the surrounding context features, so as to improve the feature ex-
traction ability of the model and reduce the complexity of the model. Then, a new LSCD lightweight detection head
was proposed, which used shared convolution to reduce the number of parameters and computations of the model.
Finally, EloU was used to replace the original CloU, and the border regression was optimized, and the convergence
speed and regression accuracy of the algorithm were improved. Compared with the baseline model YOLOv8n, the
number of parameters, the amount of computation, and the size of the model were reduced by 61. 5%, 43. 2% and
58.7% , respectively, and the mAP@ 0. 5 was increased by 1. 4 percentage points, and the FPS was 253 frames/s,
which could meet the requirements of real-time, accuracy and lightweight of protective equipment wearing detec-

tion.

Keywords: protective equipment detection; BiFPN; LSCD; EloU loss; C2f-ContextGuided module; model lightweighting



