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4.1.2.1 Strategy 1: &4 A& A59o A9 At
Strategy 1= =+ A& Alowh £

st g5-§ tlolEE sk gt Ay AF 7§t S dgoltt. HAE
H R ep 4R ASE 5 eRM g ERMolgt £ 17F [0,1]04 AE q
o] &% &S Y= &2 12 MEYIATL Strategy 1914+ rS A&
a®l v &, 1-r& b9 HEE Aooto] & o4 ASE HE 7 & JH=E
Aoz Ay 2F 45 Mg AT o] S ohdet rgkoll oS
HE p3stH T oo &4 AR Aomtogn 9 HE = Moo A
AEAR 7PFAZ et Tof A-gote 27 HEE AT & k. =F HE
= Aolld B r=03} r=19 ZZ} s, 5,7t |IASHL 0<r<1o] HsiA=
o] & St A AR A HAF I 4S5 E0] HixHE FRE o]EH

Algorithm 1 Signal generation by linear combination.
Input: Preprocessed pure—component signals s, s,
U8 condition vector C.
1: D 1. Sampling target mixture ratio

20 r<U01)

Output: Augmented signal s

> 2. Computing the final signal and condition vector

s - Sa+(1—’l”) - S,

C —[r,1—7]

return s, C.

N U AW

B U-1 A9 29E 59 A8 44 o4 2=
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Algorithm 2 Signal generation by dynamic interpolation.

Input: Dictionary of preprocessed measured signals D, = {(a; sl)}?iol

> where a,=0,a,,, =1;s, denotes the signal at mixture ratio a,
aug

Output: Augmented signal s2"¢, condition vector C.

1: D 1. Sampling target mixture ratio and initializing variables
2: r<—U(0,1)

37 Saum <0

4: N0

(@]

> 2. Partitioning measured data based on the target ratio
6: LowerSet H{(al, snED, la, < r}

meas

7: UpperSet «<—{(a,; $,)E Dyeys | @, > 7}

meas

8: D 3. Interpolating for all pairs and accumulating the results
9:  for (as)ELowerSet do

10: for (a,s,)ELowerSet do

11: w<(r—a)/(a, —a)

12: S W e S, +(1—w) .5

13: Squm < Ssum T Sint

14: N—N+1

15: end for

16: end for

17: D 4. Reinforcing fidelity with measured data if available

18: if r€Keys(D,.,.) then
19: Seum < Ssum T Deas 7]
20: N<—N+1

21: end if

22: D> 5. Computing the final spectrum and condition vector
23: sMEes /N

241 C < [r,1—71]

25! return s, C
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St oF wixlo] et KL #hqt S42 4] (4-5)¢F o] Ao =+ 3l

Lo = 5% Y2 2.+ oy —logo?, —1) (4-5)

o= ol AFE U= H9r Bow BydF et 7wkt Ay &4
7]¥te] VAE B IS

A M A AL FF AT SUolH o] G WA FRE
Fok7 T aAel BeY B3 Fo geol O 4 may Fansk
o F& AR AAT A, AFHAoE HME AU NyA 03 A4
Qa3 A7y A5 A% Fold MSE Felz AT w2 £80 Ay
A Algorith 391 2o] Yl 4 slom 1A 4L o2 2 AL
A, hy WA A2 Eol, Nk AFHOR AFY 3 Akel o

ok SNR, A 91 A A RS A OB e o AaE 2
o &4o] BHAA GORHE Fo HAr AW FEE 5] 9
Aipin = 10, Iy, = 0.1, N =
sl AdHoR 24T @olck

HEAoz A BdY i B4 Pk ATH £, KL 24 &4

13 E42 7Y dHE 2t 4 (-0 22 dHE A=t

Ltotal Lrecon—'—ﬁ [’KL+7 Lpeak? (4-6)
A7 gty A A ou AH 2aEs 2Aste 7% Agoln] 2
AoAE oy dH] AYS B8 3=02,7=1.022 AJFFo2 T4
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Algorithm 3 peak loss calculation.

Input: Augmented signal s2", reconstructed signal s

Parameters: Minimum distance d,;,

number of peaks /N,
Output: peak loss L,

1: D 1. Detecting local maxima
20 My, (281 =1] >sM[0:=2]) A (s

local

recon
T

minimum height A

min?

opK

e =1 > sE[21])

r

3: D 2. Filtering by minimum height (height filtering)
4: Meight (_Siug > h’min

5: [ 3. Removing adjacent peaks via max—pooling
Sreginaiviax <~ MaxPool1D (s3", kernelSize = 2d,;, +1)
%ist (_SiUg - SreginalMaX

8: D 4. Generating the final peak mask and selecting top—K peaks
9: ‘/l[final (_Mocal /\‘/l[height /\‘/l[dist

. aug
107 Sgirered < 5p = © My

11:  idX ., < TopK— Edices (sgyereq Nk )

12: D 5. Computing the peakk loss

130 Ve <silidx ]

140 Vi s [idx

recon peak]

15: Ly < MSE(V,,, V,

aug’ recon)
16: return L.,
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CSeF PCC= A2 4 (4-9), A (4-10)¢F 2.

~recon , _meas
Sy Sy
CS (’I") = ~ recon meas (4_9)
I's, o s,
L
Z ~recon __ recon)(smea% mea%)

PCC(r)=

) (4-10)

L
~recon __ recon gmeas _ mea%
Spi
s
i

oq 7] /\_] recon measl]:_ '7_]'._7_} s ~ recon7 meas 9’1 _\lﬂ _q_%l-o] r/]_ _—g-{i‘—):]‘_ H]% @iﬂ Oﬂ

T T

et ﬁé% CSeF PCCE= A (4-1D @01 AFet

=T T;;cs , PCC= 7 T;?Pcc (4-11)
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# Reference MSE ED CS PCC FID
Samples (k) (1) (1) (1) (1) (1)
0.00026 | 0.77981 | 0.99793 | 0.99734 | 358.431
0 0.00025 | 0.78427 | 0.99798 | 0.99733 | 338.889
0 0.00026 | 0.81111 | 0.99794 | 0.99728 | 340.831
1 0.00017 | 0.64341 | 0.99851 | 0.99806 | 194.107
2 0.00013 | 0.57722 | 0.99875 | 0.99838 | 130.535
3

4

5

Method

Linear Combination

Strategy 1 w/o Lyea¢

Strategy 1 w/ Ly

0.00011 | 0.53409 | 0.99891 | 0.99860 | 94.946
0.00009 | 0.50686 | 0.99902 | 0.99876 | 70.814
0.00008 | 0.48421 | 0.99912 | 0.99889 | 55.120

Strategy 2

B [4-4] 02 £4 4§ oo} /E 2fEy 200 G2 45 44
Z 7

FAwA A e
TG Y AE SN ATA TS Z4sks MSEY EDSH 2L
Axo) ML wnjsie}, ofelst Auke o

Afolg Sl 245 AP AA Aolar EAGTH AT St

u!
e
1o 1
1
i)

dlole7t & &4 A

Mo UN A

B7h A EQ MSEY FID HelA

eak

RV )
o 2
o
2o} -
gl N
N2 o

(o]

ol r{o
H
KU
S
rE
1o
Al
i
2
rO
o
B

f
b
b

W
Horoh ox

o] 5]
A7t A4 Bk AdeiA) Hot mebq B2 &
4

m3E HESHE dole maolxRt S5 HolH7t Ad

Lo X
2 r
%0,
filo
R=)

[ >
L)
m
ot
2
i_x“
4
MN
lo,
o

Ir ol
)

N
2
rr
N
lo,
of



1

1—

1 el

Sh= Strategy 2

42.7% AR, ot k7t

olgo] F¢
ARdoltt k=0

1

1—

1

-

}1, FID

°

SEREEEL

1

s
oF 32.0% A

1

—

7t e 2t e (k=1)
o] MSE

=
T

]_

o
L

ﬂﬂ%%%ﬂﬂ@i
0 o O
%ﬁm&#m@ ol
TS Yoy TR B L
= = Mo or H T i
- ﬁ = o o
mﬁ_.u_.o ﬁ _1_1_ Ile) EU Jtu—./l q ‘,W
o B = " O H o %o
TN EREE W
N
hETRSPRE T
2T o @ o)
o B U o W o i
m,__u ol ﬁ%@.ﬂlﬂﬁow
A ST T
N = N Ko TR
ORI I i <
Y .ﬂol = T lez| o ,_HH i~ ,_ot
A oo ow ~ o %o Iod = ,_._ﬂwo
A R
0 foe Ne) = = m
R R
,A_l nﬂ/o mn__m o B juy ﬂwo %
7 X < R X
an J| o o) uF m ,n___m _ <M
s I S 0| o of B
u_mU i il Cl Z,t R
o & oW oo X S Y
FEE R T T oy
od = | < g5 T il Lol
[~ ,ﬁ iy io H._ To- o
o o ol T~ X
— [z N 0 1:1_ oy
N o}
No ° R o Moo oo
Ll Mg ™ %o ol
S 3 %o R E
T oo e w o T om

Pl

9

of et 494

ZH(principal component space) 2 T4
o|al wj1lH-&

w5 2Eo] Ay

St
ol
_37_

AR A

IEE

O

AZF B2 H]
_?4

P

&
A, rdo]

7 B,

[e)

jm=

o}

At PP o] &

o

—

T

g A 9y 5 2%
z

A o] AA &

=



=10
0.04 | === Generated Latent Path (0
@® Measured Data 0]
L0.8
0.02 -
o~
)
=
g 06 0
@] A
a | o
g 0.00 1 E
O s
© =
o 0.40
(]
£
& —0.02
0.2
—0.04 1
0.0

-0.100 —-0.075 -0.050 -0.025 0.000 0.025 0.050
Principal Component 1

9 [4-4] & Bl wE ohad A 3] HAdE A4

ol melo] A Hlole EIEES thed] 71T Aol ohld £ a4 AR
Apolol i 3 Hlgo] Woke ul ekt AAAQ Wsh Bk dolg o)
A P22 ABAoR SERee dudt B4, Bot Fad 4e ol
27 JHE A Adel ddHoR 247 BF AuSe] siEsts A

719] s Bt ARdeltt. % [4-4]o4 &2 HFe=

_38_



PER-EW B

1

—

VA= A
mto]makel-e AT A2 THAof A

43 &

3

ks

CVAE 7]

el
T

I Aoz el ozH o

Ho
M

ol

Tor

njn

ol
o}
_z_ I

—

H9E 9= Strategy 13

& =

H

ol

o}

110

<f!

o ©
T

Folct. Strategy 1

S

22 19

A
oy
=271

A&

Al
=

24 o]

Fil Strategy 2+= AS

°

SHA|

[¢)

14 @3t= 9Jov MSEY EDe}t

tt. HbA| Strategy 25 =Y

s
=]

7

ol

o}

i~

OF
oF

PCC

=i
=

o Hsl

[e]

13

thH] MSE ¢F 69.2%, FID <¢F 84.6% 7RA

A7 £ Fe

1

o] BAAow AUHAA A Fle] Bx EF

ol MSE, FID7} & Zo=2

A

5

o
~—

ot g

SR

=
=

4

N

A Ao| w3 2+ HAa A, w3 Hia o,

o v}etu]g]
W Ao 7

=

TAge

=

=

Ao} Zw Aol

o W2 ¢
_39_

sl

Al
SRR

=

Aoz A4
ZF

1

—

A

=

iz
ar



7b Ao M=

R

HAE A e AsHol AR 1]

s fes

M4 ol H oo Y o
X B e %O
Tl

TAELTE
IR Sl
<~ No = w_ml T o |
ol 1A " LMM AR H or
ol ] wl_ = g X o
oG RTIE
ﬂi__iﬂmaélﬁ.o
—~ o HE oo T oq
(O
e L - B
T B
N
P
o CUL O_D C§ oR b A.._
(R SN C R
n_m._ w, AT ,AT Ou ﬁ_ _4_M To
T L 5
WO N 3 om T
o mo T X A~
X° o e N D

o= T RN

T < )
DIl - -
T nr o} mr_m ol !

R L TR §
% O T y o
xN < @ X g ol =0

= 0| Hn olo "o
I R
1jo o) o)
w Hod o om o <

w Mo w K It

G F o oy
Z_*O ]U ‘m ‘m.l_ M_nuvo =~ —
o7 o ©° T K
GORSUE: B G T

_40_



ottt £ A FxA BAE SA6 9kt

—Z
T

=]

= AEFE HolH

W2 7k A 2

=
-

}t

FHES A

?l

]
el 7]

ol

=
°©

~
__01_

oF

1

—

o}

[

ol ¥9¥= AT =4

Fct. A, el A

S

Hol

1o
=

stol SG

I

=]
T

=2
Ny

-
Ife]
ol

juld

i

o

i

stel w1
HEEE
5

15

=
7

B oj¥] ED °F 28%

lol7t 4%

i
=

A B0z
SG

o

T

=

ogm AgAL MEg oy metulg

SH
=

[e]

Y&t Zo]

T FH=Z o7 Zd=

S
ol 412

eld
=

ob dlog 7]

9]

=
oF
o

=

o
=

it

o)

[

7
bich Ad 2, Al e 14 9k

A
=
°

24, FID oF 48% 7)%
oh A dAA A= ot

7+ Ao
o 914, B

S ERIE

=
=

=
=

g

<
Al

H dleld 7 gA

5

2 Atst

=

=]

shct. A4 &

<]

_"

?_/K

o

5 =

[

=

o

=

:fL

715 M2k (Strategy 1) oI 7]
At Y = (Strategy 2)

S CVAE 7]

s
—

i

ol
o}

o

Z]
a3

=

=

Job A ol

of Wz0] 9%

=]

7 He

T

[e]

o,

, Ashet

Al
=

Ssol A7 &

=

5t

[

=
=

ol

<

HFAl thH] MSE ©F 69.2%, FID ¢F 84.6% 7§41, PCC ©F 0.999 4=F9] =2
— 41 —



ol

i

o}

Al

—_
Ife]

2 0]
I

&l e AA HErE d&HolHALE Y

jani

~

ol

Tor

ujy
=
op
5
7AO
)

olet

H =
T

she} elolg

]

3

o

o

SER U E IS

s
—

e A

el

A=

H=Zz 49
T O

= HolH

S}
of

24

o

5}#]

=

=
=

g A

&7, 484 oo} 9k,

S}
of

oA

ol
ﬂ_ot
Ife]

B

50

)
—_
file)

19 45a48E o 4

A
hal

d, H
Z7AX g7y AA7 Q7=

SER

Tz
A=) RS e

3 T4, Mz

1 9

[

)
—

3t

sy

ol
=

K

o]
=

watA

Al A

[

SAolct. WA 7]

5

Tor

ol

o

ﬂmo

X
)

5t

A&

zo
=

=

Az of

o=, F= A7t doly A4 A

]_

AYT7t deAEYH A 304 of

shtel

=
=

o}
al

et mhA]

e 5
5% dEYaE 2

hr

=

p3Ke)
o [t

.
10°

5 7

o1
ol

d, =@t

3ls
2] [e]

il d

_42_



Tom

_43_



1. =9&d

Han, R., Ketkaew, R., & Luber, S. (2022). A concise review on recent
developments of machine learning for the prediction of vibrational
spectra. The Journal of Physical Chemistry A, 126(6), 801-812.

Lun, Z., Wu, X,, Dong, J., & Wu, B. (2025). Deep learning—enhanced
spectroscopic technologies for food quality assessment: Convergence and
emerging frontiers. Foods, 14(13), 2350.

Westermayr, J., & Marquetand, P. (2025). Machine learning spectroscopy
to advance computation and analysis. Chemical Science.

Yang, J., Xu, J., Zhang, X., Wu, C.,, Lin, T., & Ying, Y. (2019). Deep
learning for vibrational spectral analysis: Recent progress and a practical
guide. Analytica Chimica Acta, 1081, 6-17.

Zamanzadeh Darban, Z., Webb, G. 1., Pan, S., et al. (2024). Deep
learning for time series anomaly detection: A survey. ACM Computing
Surveys, 57(1), 1-42.

Savitzky, A., & Golay, M. J. E. (1964). Smoothing and differentiation of
data by simplified least squares procedures. Analytical Chemistry, 36(8),
1627-1639.

Zhao, X. Y., Liu, G. Y., Sui, Y. T., Xu, M., & Tong, L. (2021).
Denoising method for Raman spectra with low signal-to—noise ratio
based on feature extraction. Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy, 250, 119374,

Barton, S., Alakkari, S., O'Dwyer, K., Ward, T., & Hennelly, B. (2021).
Convolution network with custom loss function for the denoising of low

SNR Raman spectra. Sensors, 21(14), 4623.

_44_



Loc, I, Kecoglu, 1., Unlu, M. B., & Parlatan, U. (2022). Raman signal
denoising using fully convolutional encoder decoder network. bioRxiv.
Horgan, C. C., Jensen, M., Nagelkerke, A., St—Pierre, ].—P., Vercauteren,
T., Stevens, M. M., & Bergholt, M. S. (2021). High—throughput
molecular imaging via deep—learning—enabled Raman spectroscopy.
Analytical Chemistry, 93(48), 15850—-15860.

Matera, M., Polenta, L., & Napoli, C. (2025). Deep residual neural
networks for robust denoising in Raman spectroscopy. CEUR Workshop
Proceedings.

Gulyanon, S., Deepaisarn, S., Chokphantavee, S., Chokphantavee, S.,
Prathipasen, P., & Laitrakun, S. (2024). Denoising Raman spectra using
autoencoder for improved analysis of contamination in HDD. IEEE
Access.

Westermayr, J., & Marquetand, P. (2025). Machine learning spectroscopy
to advance computation and analysis. Chemical Science.

Flanagan, A. R., Dalal, D., & Glavin, F. G. (2025). Exploring generative
artificial intelligence and data augmentation techniques for spectroscopy
analysis. Chemical Reviews, 125(13).

Lee, J., & Lee, W. (2024). Peak—aware adaptive denoising for Raman
spectroscopy based on machine learning approach. Journal of Raman
Spectroscopy, 55(4), 525-533.

Heusel, M., Ramsauer, H., Unterthiner, T., Nessler, B., & Hochreiter, S.
(2017). GANSs trained by a two time—scale update rule converge to a
local Nash equilibrium. Advances in Neural Information Processing
Systems, 30.

Kingma, D. P., & Welling, M. (2013). Auto—encoding variational Bayes.
arXiv preprint arXiv:1312.6114.

Sohn, K., Lee, H., & Yan, X. (2015). Learning structured output

representation using deep conditional generative models. Advances in

_45_



Neural Information Processing Systems, 28.

Li, H.,, Jia, R., & Wan, X. (2022). Time series classification based on
complex network. Expert Systems with Applications, 194, 116502,

Xie, L., Li, Z., Zhou, Y., He, Y., & Zhu, J. (2020). Computational
diagnostic  techniques for electrocardiogram signal analysis. Sensors,
20(21), 6318.

Talukder, M. A., Talaat, A. S., Muna, N. J., Alazab, A., Kazi, M., &
Das, U. K. (2025). An explainable deep learning framework for
trustworthy arrhythmia detection from ECG signals. Scientific Reports,
15(1), 39496.

Dogan, H., & Dogan, R. O. (2023). A comprehensive review of
computer—based techniques for R-peaks/QRS complex detection in ECG
signal. Archives of Computational Methods in Engineering, 30(6),
3703-3721.

Blanco—Velasco, M., Weng, B., & Barner, K. E. (2008). ECG signal
denoising and baseline wander correction based on the empirical mode
decomposition. Computers in Biology and Medicine, 38(1), 1-13.

Lenis, G., Pilia, N., Loewe, A., et al. (2017). Comparison of baseline
wander removal techniques considering the preservation of ST changes in
the ischemic ECG: a simulation study. Computational and Mathematical
Methods in Medicine, 2017(1), 9295029.

Chatterjee, S., Thakur, R. S., Yadav, R. N., et al. (2020). Review of
noise removal techniques in ECG signals. IET Signal Processing, 14(9),
569-590.

Chen, S., Lin, X., Yuen, C., Padmanabhan, S., Beuerman, R. W., & Liu,
Q. (2014). Recovery of Raman spectra with low signal-to—noise ratio
using Wiener estimation. Optics Express, 22(10), 12102-12114.

Li, P, & Laleg—Kirati, T.-M. (2021). Signal denoising based on the

Schrodinger operator's eigenspectrum and a curvature constraint. IET

_46_



Signal Processing, 15(3), 195-206.

Manifold, B., Thomas, E., Francis, A. T., Hill, A. H., & Fu, D. (2019).
Denoising of stimulated Raman scattering microscopy images via deep
learning. Biomedical Optics Express, 10(8), 3860—-3874.

Bench, C., Bergholt, M. S., & al-Badri, M. A. (2023). Unsupervised
denoising of Raman spectra with cycle—consistent generative adversarial
networks. arXiv preprint arXiv:2307.00513.

Chakraborty, S., Kochhar, P., Patil, S. Kotecha, K., Gite, S,
Selvachandran, G., & Das, S. (2025). Generative adversarial network
augmented data for improved heart sound abnormality detection.
Computers in Biology and Medicine, 195, 110623.

Kiyasseh, D., Tadesse, G. A., Nhan, L. N. T., Tan, L. V., Thwaites, L.,
& Zhu, T. (2020). PlethAugment: GAN-based PPG augmentation for
medical diagnosis in low-resource settings. IEEE Journal of Biomedical
and Health Informatics, 24(11), 3226—3235.

Wen, Q., Sun, L., Yang, F., Song, X., Gao, ]., Wang, X., & Xu, H.
(2020). Time series data augmentation for deep learning: A survey. arXiv
preprint arXiv:2002.12478.

Zhao, J., Lui, H., Kalia, S., Lee, T. K., & Zeng, H. (2024). Improving
skin cancer detection by Raman spectroscopy using convolutional neural
networks and data augmentation. Frontiers in Oncology, 14, 1320220.
Kim, Y. & Lee, W. (2022). Distributed Raman spectrum data
augmentation system using federated learning with deep generative models.
Sensors, 22(24), 9900.

Yao, H., Luo, W., Gao, A., Zhou, T., & Wang, X. (2024). DiffRaman:
A conditional latent denoising diffusion probabilistic model for bacterial
Raman spectroscopy identification under limited data conditions. arXiv
preprint arXiv:2412.08131.

Workman Jr., J. (2024). Beyond linearity: Identifying and managing

_47_



nonlinear effects in spectroscopic data. Spectroscopy.

Avhn. (n.d.). Peakdetect. GitHub. https://github.com/avhn/peakdetect

_48_



ABSTRACT

Artificial Intelligence Based Preprocessing and Data
Augmentation Methods for Reliable One
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One—dimensional (1D) signals are widely used as key information
sources for determining material composition, reaction states, and the
presence of anomalies across diverse application domains. However, in
real-world acquisition environments, low signal-to—noise ratio (SNR) and
constraints on measurement conditions often lead to severely contaminated
signals and make it difficult to construct high—quality training datasets
that fully cover the entire range of operating conditions. Although
morphological peak features such as peak position, height, and width
serve as central indicators for quantitative analysis, conventional denoising
and data augmentation methods either fail to sufficiently preserve peak
structures or do not adequately capture waveform characteristics that
change nonlinearly with respect to condition variations and component
interactions, thereby limiting the reliability and generalization performance
of downstream deep learning—based analysis models. To address these
limitations, this thesis proposes two methodologies that jointly aim to
improve signal quality and alleviate data scarcity for peak—based 1D
signals. First, a peak—aware adaptive denoising method that explicitly
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accounts for peak structures is introduced. Starting from noisy 1D signals,
the method automatically detects peaks and learns, in the form of a
regression model, the optimal Savitzky —Golay (SG) filter window length
for each segment based on inter—peak distances and the Euclidean
Distance (ED) between noisy and reference signals, thereby overcoming
the inherent limitation of conventional approaches that apply a single
fixed window length to the entire signal. Experiments on Raman
spectroscopy data show that the proposed method reduces ED by
approximately 28% and improves the Fréchet Inception Distance (FID) by
about 48% compared to a fixed—window SG filter, simultaneously
enhancing peak—shape preservation and noise suppression. Second, this
thesis proposes a nonlinear mixed—signal generation framework that can
synthesize high—fidelity 1D mixture signals reflecting nonlinear mixing
interactions even when only a very limited number of measured mixture
signals are available. The core idea is to employ a Conditional
Variational Autoencoder (CVAE) that takes a mixture—ratio condition
vector as input and uses a small set of measured mixture signals acquired
at different mixture ratios as anchors, performing dynamic interpolation
around target mixture ratios so that the model can learn nonlinear
mixing trajectories that cannot be captured by simple linear combinations
of pure—component signals. In addition, a peak loss term is introduced to
directly constrain discrepancies in peak positions and intensities, effectively
suppressing local errors around narrow peaks that are not sufficiently
penalized by Mean Squared Error (MSE) alone. In experiments on a
binary Raman mixture system, the proposed framework reduces MSE by
about 69.2% and FID by about 84.6% relative to a linear—combination
baseline, while achieving a Pearson Correlation Coefficient (PCC) of
approximately 0.999, indicating that the generated signals are almost
indistinguishable from real measurements. Taken together, the peak-aware
adaptive denoising method and nonlinear mixed-signal generation
framework proposed in this thesis provide an integrated solution for
simultaneously mitigating signal degradation and data scarcity by explicitly
embedding peak—centric domain knowledge into model design.

[Keywords] Generative Artificial Intelligence, Signal Processing, Chemical
Signal Analysis, Data Augmentation, Denoising
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