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Abstract

In the final report of this project, we modified the fabrication process of our obliquely
deposited silver structures to address several factors suspected of causing poor
absorption, and we re-fabricated samples for measurement. Although absorption
improved, the performance remained suboptimal. We therefore replaced silver with
aluminum for sample fabrication and subsequently confirmed a marked increase in
absorption strength. We then dispensed methylcyclohexane and isoprene onto the Al
oblique samples to evaluate their capability for detecting organic pollutants. The results
show that successful excitation of Fano resonances enables effective detection of
organics; however, the high volatility of these analytes hindered reliable quantitative
measurements. Next, we introduced a copper sulfate + 4-MBA (4-mercaptobenzoic acid)
mixture to assess heavy-metal (Cu) sensing. While Cu content could be detected, post-
evaporation non-uniform solute distribution and the characteristic peak falling in a
relatively low-absorption region degraded sensing performance. In the subsequent
machine-learning stage, we used the X-polarized absorption-curve integral as the
optimization objective and combined particle swarm optimization (PSO) for global
exploration with Bayesian optimization (BO) for local refinement to find the optimal
geometric dimensions. Verification confirmed that the optimum lies within the feasible
region, exhibits smooth neighborhood response, and is reproducible, consistent with the
data distribution and interpretability analysis. Overall, the workflow effectively shortens
the design-to-validation cycle and serves as a generalizable engineering tool for
materials parameter design.
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- ALEE

Train Test
Model MAE | RMSE | MAPE| MSE R2 MAE | RMSE | MAPE| MSE R2
DecisionTree 5.2725 | 7.1821 | 3.8873 | 51.5828 0.5079 |10.4182|15.4941 | 7.7136 | 240.0673 | -0.0767
GB-200 5.1712 | 7.2001 | 3.8196 | 51.8418 0.5054 |10.6445|15.7889 | 7.9114 | 249.2900 | -0.1180
CatBoost-depth10 | 5.1669 | 7.2750 | 3.8240 | 52.9259 0.4951 |10.7022 | 15.7537 | 7.9597 | 248.1786 | -0.1130
XGBoost-depth6 | 6.6880 | 10.2314 | 4.8051 | 104.6817 | 0.0013 |10.9003 | 15.8606 | 7.9258 | 251.5596 | -0.1282
XGBoost 6.6820 | 10.2278 | 4.8013 | 104.6076 | 0.0020 |10.9042 | 15.8667 | 7.9308 | 251.7516 | -0.1291
Stacking 5.6903 | 8.0202 | 4.1627 | 64.3244 0.3863 | 11.0684 | 15.7173 | 8.2569 | 247.0349 | -0.1079
GradientBoosting | 5.2680 | 7.3350 | 3.8950 | 53.8024 0.4867 | 11.1021 | 15.9526 | 8.2860 | 254.4867 | -0.1413
RandomForest-200 | 5.0768 | 7.6981 | 3.7700 | 59.2611 0.4346 | 11.1042 | 14.1530 | 8.5224 | 200.3061 | 0.1017
RandomForest 5.1458 | 7.7281 | 3.8168 | 59.7240 0.4302 | 11.1095 | 14.0906 | 8.5519 | 198.5437 | 0.1096
CatBoost 5.1816 | 7.3950 | 3.8409 | 54.6857 0.4783 | 11.1417 | 15.9646 | 8.3038 | 254.8680 | -0.1430
Bagging 5.2268 | 7.8285 | 3.8626 | 61.2849 0.4153 |11.3473 | 14.4423 | 8.6811 | 208.5789 | 0.0646
HuberRegressor 6.4584 | 9.1872 | 4.7977 | 84.4054 0.1947 | 11.7048 | 15.5329 | 9.2742 | 241.2707 | -0.0821
KernelRidge 6.6545 | 9.1745 | 4.8990 | 84.1721 0.1969 |12.0301 | 15.7267 | 9.4289 | 247.3282 | -0.1092
Bagging-ExtraTree | 5.5584 | 8.4472 | 4.1072 | 71.3560 0.3192 |12.0780 | 15.4465| 9.3706 | 238.5942 | -0.0701
TheilSen 7.1834 | 9.5493 | 5.2561 | 91.1898 0.1300 | 12.0960 | 15.6856 | 9.5206 | 246.0377 | -0.1034
PassiveAggressive | 17.0505 | 21.1146 | 12.1918 | 445.8275 | -3.2535 |12.6254|16.0201 | 9.9984 | 256.6434 | -0.1510
RANSAC 8.9672 | 16.7104 | 6.6189 | 279.2386 | -1.6641 |12.6515|15.5111 | 9.8727 | 240.5949 | -0.0790
SVR-poly 6.6038 | 9.0955 | 4.9003 | 82.7285 0.2107 | 12.6593 |16.6236 | 10.0213 | 276.3443 | -0.2394
ExtraTrees-300 5.1480 | 7.8083 | 3.7954 | 60.9701 0.4183 |12.6921 | 17.4451 | 9.7284 | 304.3328 | -0.3649
PLSRegression 6.2844 | 8.8168 | 4.6310 | 77.7365 0.2583 | 12.7240|16.3002 | 9.9409 | 265.6966 | -0.1916
ExtraTrees 5.2601 | 7.8601 | 3.8715 | 61.7809 0.4106 |12.7902 | 17.6028 | 9.8221 | 309.8602 | -0.3897
LinearRegression | 6.2844 | 8.8285 | 4.6321 | 77.9427 0.2564 | 12.7977 | 16.3737 | 9.9949 | 268.0995 | -0.2024
PCA+LR 6.2844 | 8.8285 | 4.6321 | 77.9427 0.2564 | 12.7977 | 16.3737 | 9.9949 | 268.0995 | -0.2024
Lars 6.2844 | 8.8285 | 4.6321 | 77.9427 0.2564 | 12.7977 | 16.3737 | 9.9949 | 268.0995 | -0.2024
Ridge 6.2844 | 8.8285 | 4.6321 | 77.9417 0.2564 | 12.7978 | 16.3737 | 9.9950 | 268.0985 | -0.2024
ElasticNet 6.2840 | 8.8183 | 4.6315 | 77.7621 0.2581 |12.8189[16.3721[10.0107 | 268.0450 | -0.2021
LassoLars 6.2845 | 8.8106 | 4.6315 | 77.6260 0.2594 |12.8408 | 16.3718 | 10.0267 | 268.0363 | -0.2021
Lasso 6.2845 | 8.8106 | 4.6315 | 77.6261 0.2594 |12.8409 | 16.3718 | 10.0267 | 268.0368 | -0.2021
KNN-5 6.8255 | 9.6228 | 4.9944 | 92.5990 0.1166 |13.0455|15.4117 | 10.1386 | 237.5212 | -0.0652
KNN 6.8255 | 9.6228 | 4.9944 | 92.5990 0.1166 |13.0455|15.4117 | 10.1386 | 237.5212 | -0.0652
BayesianRidge 6.4221 | 8.8583 | 4.7247 | 78.4699 0.2514 | 13.1569 | 16.2543 | 10.2538 | 264.2010 | -0.1849
HistGBR-Ir01 7.5982 |10.4803 | 5.5305 | 109.8367 | -0.0479 |13.2059|15.8947|10.3191 | 252.6420 | -0.1331
HistGBR 7.5982 |10.4803 | 5.5305 | 109.8367 | -0.0479 |13.2059|15.8947|10.3191 | 252.6420 | -0.1331
LightGBM-Ir01 7.5982 |10.4803 | 5.5305 | 109.8367 | -0.0479 |13.2059|15.8947|10.3191 | 252.6420 | -0.1331
LightGBM 7.5982 |10.4803 | 5.5305 | 109.8367 | -0.0479 |13.2059|15.8947|10.3191 | 252.6420 | -0.1331
SVR 7.4225 | 10.2911 | 5.4146 | 105.9058 | -0.0104 |13.2409]16.0307 | 10.3713 | 256.9843 | -0.1525
QuantileRegressor | 6.4695 | 9.1659 | 4.7768 | 84.0145 0.1985 |13.2608 | 16.5429 | 10.4643 | 273.6690 | -0.2274
SVR-rbf 7.3584 |10.2107 | 5.3727 | 104.2594 | 0.0053 |13.2629|16.0685 | 10.3949 | 258.1980 | -0.1580
ARDRegression | 6.5963 | 8.9118 | 4.8442 | 79.4203 0.2423 | 13.3145]16.4496 | 10.3673 | 270.5909 | -0.2136
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KNN-10 7.0990 | 9.5094 | 5.1693 | 90.4294 0.1372 ]13.3391|15.8494 |10.3553 | 251.2030 | -0.1266
AdaBoost-50 5.7450 | 8.0893 | 4.2516 | 65.4363 0.3757 13.3431|17.4872 | 9.9489 | 305.8017 | -0.3715
AdaBoost 5.7450 | 8.0893 | 4.2516 | 65.4363 0.3757 13.3431|17.4872 | 9.9489 | 305.8017 | -0.3715
NuSVR 7.6647 |10.5562 | 5.6328 | 111.4339 | -0.0631 |13.3658 |16.5472|10.5533 | 273.8094 | -0.2280
OMP 7.2850 | 9.2947 | 5.2982 | 86.3907 0.1758 |14.6973|17.5304 | 11.3670 | 307.3134 | -0.3782
MLPReg-1000 56.7673 | 58.1055 | 40.5252 | 3376.2483 | -31.2114 | 61.9938 | 63.7440 | 46.7987 | 4063.2986 | -17.2232
MLPRegressor 56.7673 | 58.1055 | 40.5252 | 3376.2483 | -31.2114 | 61.9938 | 63.7440 | 46.7987 | 4063.2986 | -17.2232
MLPRegressor-500 | 56.7673 | 58.1055 | 40.5252 | 3376.2483 | -31.2114 | 61.9938 | 63.7440 | 46.7987 | 4063.2986 | -17.2232
GaussianProcess  [143.0650|143.4309/100.0000{20572.4095]| -195.2730 |137.6182|138.4259/100.0000{19161.7382| -84.9370
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