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AL TIXET, FORHEVEONREFILEL LT, =a2—F /4%y T —Z7(NN), A & kB0), BLW
BRI T LT Y X AGA)ERFT LTz, GA DR XHER & SRR E L E L TRV, ERE L EEt
T~ FEEESAEEA T LT ) X AAGA) EEFE L. NN & AGA A/ HE - TIENNTAGA), BO, GA,
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NI A—=E N AEOYE . GA B b/ S WBELWREZ R LTz, —FF ., RERT A =226 i, §fHB LW
16 DA TIX. AGA DE/MEZ K L TR Y . BHEZRREI MBI L THERMEEZ R LTz, NN+AGA (TR
RTA—=F RN AEADOEFHIBN T, MOFIEIZHEATR 10 EOH S THANET L, @EENEL 72, L
L. NNOFPHREZEICE D, HEBMOBILEREIL GA R AGA LW K& 2o TLE-7, /o, REAVIT A
— X OFN 4 LRI 2 B L BERFET — X BENBERIICHE R D120, B R IEICHIS TE o
720 BO IIWIHIY o T NVAERRE O FFTE~OICRLPRA TR OIX b o2 BN RE L @7 v —% 7 &% 15
DAREMEDMEN Z E VR E T2, FFIS, BUATHEIEZ L T GA X AGA LB L TH DR L e o7, i
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WIZ, AGA # W T, MEREOMGEMERD T DD INmik/ic 2 7 v —=x o VIVE & Filiakst Uiz, ZOBE
1304 pm 25 0.7 pm OHIRIE 25, AIEEEIHOIFIE R & I N— LTz, 26 B Lo Sh - g T
KGR AR S 2 LT SEHELWTIRRE & PR IR O B OFELEITE AL D 6%LL FIZE TR & 872, AGA T
L7 BYE O AR RIHMEERR I, MRS GEREME) 3 L OHE MR N 3-S5 S MRMTRRIC K Bk & Ik
BLT10f5m E Lz, Haem EOER E LT, XOFERICMA T, ARZEREDA L E—F AL BLD
RIZBIROWEREDZE T B D, AGAIZZING 3 OOBERZHEMIZEETLHZ LT, 7 a—% 0 JEEORG
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WEBET DAL, FRICIAHHR Y v —F% 0 7T, B BE R ARSI EETH D, T OB E Rk
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MO OB L LT, AGA Z AW T 2 O LB R ERWIURMLA) & 345 Lz, FhEi, BEHEA
L— X —JR 5N B (ARF N REEFRL, 76 -81 GHz) F721E W 232 R(75 - 110 GH2)IZH\\ T 20 dB LA
L OWIEE#ERK LTz, ARF /N2 K& D=3 D8E MLA OXLEZRE S 03 mm THY, WAV KED
PN B LR MLA OMERE X3 0.5mm 72 o772, T MO THE SN WIA & i LT, &b
B KHEIZ T S & @RI ER A WV LTz, AGA 2 W35 Tt 108D MLA 25t L7z, LavL, EBROALRE
IZBWTIE, K0P 0 ERER S MLA DNEE LW, 2072, &ML 2R 7k R, RZEOME L
LR BEHE DD MLA 2R L7, ZORBRIL. FEEOFEMT Chm OB & R WA & 355 572
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OB 2O T DICE D,
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Designing broadband electromagnetic absorbers or low-scattering media often requires multilayer structures. This
dissertation explores different optimization methods for designing such media and applies them to two cases: optical
cloaking materials and electromagnetic absorbers. The goal is to optimize the permittivity of multilayer media using a
genetic algorithm (GA).

Traditionally, mathematical programming methods have been used for optimization, requiring explicit, differentiable
objective functions with low computational costs. However, real-world optimization problems often involve black-box
functions that are difficult to optimize using these methods, especially when the objective function has multiple local
minima. Therefore, alternative approaches have been explored.

I compared neural networks (NN), bayesian optimization (BO), GA, and an adaptive genetic algorithm (AGA), which
improves search efficiency by dynamically adjusting crossover and mutation probabilities. The performance of these
methods was evaluated in designing multilayer cylindrical cloaking media with 4, 6, 8, and 16 parameters. GA and AGA
exhibited stable performance, with GA performing best for four parameters, while AGA was more effective for complex
designs with more parameters. The NN+AGA method achieved a tenfold speed improvement but suffered from increased
prediction errors. BO exhibited significant performance variability across trials and yielded inferior results compared to GA
and AGA.

AGA was then applied to optimize a broadband multilayer cloaking medium for an infinite cylinder, achieving an
invisibility effect over 0.4 — 0.7 pm with a 26-layer structure. The average scattering cross-section was reduced to 6% of the
original object. The high invisibility performance of the designed cloaking medium stemmed from impedance matching and
object shielding, outperforming traditional transformation optics-based designs by a factor of ten.

Finally, AGA was used to design multilayer electromagnetic absorbers for the automotive radar frequency (ARF)
band (76 — 81 GHz) and the W-band (75 — 110 GHz). These absorbers achieved over 20 dB absorption with minimal
thickness (0.3 mm for the ARF band and 0.5 mm for the W-band), surpassing previous designs. Structural simplification
enabled fewer layers while maintaining high absorption. These results demonstrate AGA’s potential for designing high-
performance absorbers to reduce false detections in advanced driver-assistance and autonomous driving systems.
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