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ABSTRACT:

To reduce the risk of wave overtopping disasters along coastal highways and in port areas, this project applies a video monitoring
system and image interpretation techniques to analyze wave impact at overtopping-prone locations. The goal is to develop an image-
based overtopping warning technology.In this fourth year, the main tasks include maintaining and improving the wave run-up and
overtopping image database, applying automated image analysis to enhance warning capabilities for coastal roads and the Hualien
Port breakwaters. The interpretation results are transmitted to the Institute of Transportation to support system operations. In addition,
port breakwater observation data are integrated to validate and optimize existing machine learning models for run-up and
overtopping, and to evaluate their improvement.Ultimately, the refined models will be incorporated into the Institute’s wave impact
warning system, supporting the identification of overtopping-prone areas and improving the accuracy of disaster prevention
information.

Major accomplishments are summarized as follows:
1.Image Data Collection: Continuous image collection was carried out at both the coastal highway section and Hualien Port. After

new video equipment was installed at the highway site, ground control point elevations were re-surveyed and recalibrated to ensure
spatial accuracy. At the port site, image observations continued under various environmental conditions. To date, a comprehensive
image dataset covering multiple typhoon events has been established, serving as the core reference for subsequent overtopping
interpretation and potential analysis.

2. Image Interpretation System Enhancement: In addition to maintaining the existing automated image interpretation system,
systematic improvements were made to address previous interpretation errors and performance limitations. For the coastal highway,
the automated interpretation workflow and accuracy verification module were enhanced to improve computational efficiency and
reliability. For the port area, the ResNet50-based deep learning architecture was applied for overtopping classification, with
separate models developed for daytime color and nighttime grayscale imagery to ensure adaptability and stability under varying
environmental conditions. Testing results showed that the model accurately identified most non-overtopping periods and
successfully captured major overtopping events, demonstrating strong practical potential.

3. Overtopping Warning System Improvement: The overtopping warning system was stably maintained and further refined in
coordination with the TaiCOMS 2.0 ocean forecasting system. An automated overtopping forecast process was established to
improve computational efficiency and operational stability. Confusion matrix and error distribution analyses indicated that the
model exhibits reasonable predictive capability for overtopping events. Following the operational framework, the team continued
developing the port overtopping warning system and accuracy verification procedures to strengthen disaster prevention
applications.

4. Run-up and Overtopping Potential Analysis: Given the extensive volume of accumulated image data, manual analysis would be
highly time-consuming. Therefore, the project applied the established automated image interpretation approach to perform wave
run-up and overtopping potential analyses, effectively improving analytical efficiency. The results serve as the foundation for
overtopping potential assessment and as reference data for verifying the accuracy of the warning system.
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H={D(G—-B)+360°, if MAX=RandG <B
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9 | 11.9 15.1 56 | 2010/9/19 1.0 6.2 31.1 50.9 12.6 5.4
10 | 101 15.1 [315| 2007/10/6 15 6.2 4.9 57.1 28.5 9.5
11| 6.4 13.1 56 |2007/11/27 14 6.2 2.3 61.4 29.5 6.8
12 | 8.1 - 22 | 2019/12/7 1.6 6.4 14 48.2 39.6 10.7

TAL KRR ¢ & F % F 5k (https://www.cwa.gov.tw/)

# 1-3 EP bR Y P 5 £ (2005-2024)

N BRBRPE (AR AP | THogpr THPpE |[TEMPEI AR 2P| AMHp
Ripz(=r) (=27) (=¢) (=%) (=%) (=¢) (= %)
1 1.087 0.983 0.562 -0.009 -0.665 -1.037 -1.374
2 1.083 0.986 0.568 -0.003 -0.662 -0.984 -1.263
3 1.065 0.988 0.589 0.008 -0.623 -0.905 -1.188
4 1.029 0.977 0.600 0.041 -0.594 -0.977 -1.144
5 1.043 1.021 0.593 0.052 -0.607 -1.025 -1.143
6 1.132 1.069 0.661 0.104 -0.536 -1.021 -1.300
7 1.320 1.158 0.661 0.124 -0.530 -0.974 -1.190
8 1.437 1.194 0.746 0.177 -0.430 -0.885 -0.975
9 1.250 1.194 0.751 0.181 -0.430 -0.767 -0.959
10 1.293 1.054 0.673 0.126 -0.516 -0.879 -1.390
11 1.089 1.024 0.597 0.034 -0.578 -0.991 -1.186
12 1.061 0.990 0.569 -0.018 -0.626 -1.036 -1.177
> & 1.437 1.194 0.635 0.073 -0.566 -1.037 -1.374

TALROR P L F % F ek (https://www.cwa.gov.w/) o i B A ¢ Ap ¥t E 8B A2 % TWVD2001
KIEH TG o

1-22


https://www.cwb.gov.tw/
https://www.cwb.gov.tw/

314 7Y iR

¥ 33 £ (2005-2024)

1-23

N BERRE RB R 2P| THg3eor| THEpr |THEMPE| M 2P MKz
g (= 7)) (= 7) (=%) (=%) (=) (=) (=%)
1 1.171 1.183 0.704 0.111 -0.518 -1.081 -1.146
2 1.217 1.193 0.726 0.118 -0.496 -1.028 -1.045
3 1.205 1.176 0.719 0.123 -0.493 -0.937 -0.984
4 1.172 1.112 0.729 0.143 -0.499 -1.001 -1.019
5 1.210 1.157 0.763 0.186 -0.455 -1.045 -1.031
6 1.352 1.208 0.819 0.231 -0.423 -1.076 -0.941
7 1.550 1.284 0.838 0.250 -0.414 -1.056 -1.051
8 1.649 1.370 0.895 0.309 -0.334 -0.996 -0.840
9 1.656 1.360 0.886 0.320 -0.317 -0.920 -0.926
10 1.570 1.212 0.832 0.269 -0.376 -1.060 -0.981
11 1.188 1.157 0.749 0.174 -0.473 -1.099 -1.084
12 1.227 1.135 0.715 0.126 -0.529 -1.103 -1.118
> #E 1.656 1.370 0.780 0.196 -0.443 -0.967 -1.146
TALROR P L F % F ek (https//www.cwa.gov.tw/) o 7 B I ¢ Ap ¥ E 8 A2 % TWVD2001
BIA TG o
2 1-5 FEEPRIHEA F i L F 34 (2003~2020)
Fa | T | i <25cm/s | 25> 5 <50cm/s | sniE > 50cm/s
(cm/s) (%) (%) (%)
% 19.4 76.3 19.6 4.2
g 19.9 74.7 21.2 4.1
F 20.7 73.2 21.5 5.3
% 184 78.1 18.6 3.3
> 19.6 75.6 20.2 4.2
PR KR R IRE T T AT T110 # 3 & 5 B BRI B 4T
% 1-6 TEEPRIEFIEL Fie A 0F S
£ | N~E (%) E-S (%) S~-W (%) W~N (%)
% 29.5 22.3 35.0 13.1
2 33.3 23.5 26.6 16.5
F 25.0 23.5 409 10.6
% 26.2 18.3 41.2 14.3
Enl-t] 28.4 21.9 36.1 13.6
A RIR D R R AT g A F110 & 2 & 78 B L i BLip| 22 21 47
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Fﬁ‘?ﬁ;n— 52018 & 9 EEREBEF OB AS 11 A 61kt400 FHiT
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110 AP P REHBNERPARRABMEL X E
1.10.1 AP M= 3
AARSKREMLEFAL I RRE o B XRE RARE Y
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Pk B RSBl EAR TR EE: > X ARET B R TA

LEk S(EATAT 2018 2 2021) o R SR HATTE KT PRI AL
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BN o Aol 1.29 970 0 HAE R A B 5 86.76%F 82.37% o 3R F ﬂ g T
{o(2009) ] 2% 3 £ 11 % F IEBHF S h CCD |82 775 4 5 2 1dp
o ¥ 0 AT R A BE T A o B 2 2% 4 (2011)#F 31 CCD #8
WRT VIR ERIAZE B So] Z RB AU w T T o 3 AR
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Manual, CEM)7* 3 37 TA%p & 3 2 FPHEE > 2 H s o Blies 0 R i
HGE L 5 9 s AR Fﬁf“r’* (éﬁ%‘*ﬂﬁﬂe{% SRR 2 AT %)
b T2 R BN R AP SR ek 2 BB R 2T
FERGG o R EEL 3 A 4% APP > ¥ ALHE R R 2 (e.g., Twitter) © £ ¥ 7
L3 ARG R T EF TR A E R 2k R R 2 P
Bohos FANKAARLIBFRL 2 2T AR g

BB 5 E R A 2 2 40 B A 7 0 Liuand Wu.(2019)
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etal.(2019)+* #& Viola-Jones i# ¥ i# ~ % fF 40 5 4 % (CNN)fr 2k >3 1 55 ]
Gy & o & ¥ F(Meta-Learner) > 45 11 CNN E2 & 5 35 18 £ 4k g
FHEEEY ORF > w3 NRERFOE 0 FRApF S EOTHR
(Bt § L))o R 442 -dic(hyperparameters)i {7 3 U frBk 7 o
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