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Abstract. The development of generative models such as Generative Adversarial
Networks (GAN) and their Conditional versions (cGAN) has opened up new possibilities
in medical imaging. One of the key problems in the field of automated stroke diagnosis
1s the limited amount of available data, as well as the imbalance between the classes of
normal and pathological images. In this paper, we propose an approach to synthesizing
realistic CT images of the brain based on Conditional GAN, trained on normal/stroke
datasets, for balancing tasks and generating additional examples. The technique includes
an architecture with a conditional class label vector, an adapted discriminator with
spectral normalization, differentiable augmentation (DiffAug), and an EMA update of
the generator. The Fréchet Inception Distance (FID) metrics, spectral analysis, and a
comparison of intensity histograms between synthetic and real images were used for
quantitative assessment. The obtained FID value of 194.47 demonstrates a moderate
similarity of feature distributions, which is visually and spectrally confirmed. The results
show that the conditional GAN is able to reproduce the anatomical and textural features
of CT images of the brain, preserving brightness distributions and spatial patterns. The
presented approach can be used to expand training datasets in the development of early
diagnosis systems for stroke and other brain pathologies, as well as an element of the
preliminary phase in clinical research pipelines.
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AHHoTauus. ['eHepaTuBTI MOAENBAEP/IIH, COHBIH IMIiHAE T€HEPaTUBTI KapChl-
nacthIK xeninepaid (Generative Adversarial Networks, GAN) »oHe onapabiH IapTThI
nyckanapeiabig (Conditional GAN, cGAN) naMmysl MEAUIIMHAIBIK OCHHENey calachiH-
7 ’)kaHa MYMKIHJIKTep amThl. MHCYIIBTTI aBTOMATTaHABIPBUIFAaH JHArHOCTHKAIAYIaF bl
Heri3ri Mocenenepain Oipi — KODKETIMJI JepeKTep KOJIEMIiHIH MICKTEYJIUIiri, COH-
Jaif-aK KaJIBINTHI JKOHE MaTOJOTHSUIBIK OeWHesep KiacTapbl apachlHIarbl TEHrepiM-
cizmik. by xyMmpicTa KimactapAsl TEHrepy KoHE KOCBIMINA YATLIepAl TreHepaunusiay
MaKCaTbIH/Ia KAJIBINTHI KaFAail MEH MHCYJBTKE KAaThICTHI ACPEKTEP >KUBIHTHIKTAPHIH-
na okpITbuiraH mapTTel GAN Heri3inae MuablH 1bHalbel KT-0elinenepin cuntesney
TOCUTI YCHIHBUTA/BI. ¥ CHIHBUIFAH dJIiICTEME IAPTThI Klacc OeNTiciHiH BEKTOPBIH KaMTH-
TBIH apPXUTEKTypaHbl, CIEKTPIiK HOpMaJH3alMsIchl Oap OeiiMIenreH AUCKPUMHHA-
Topabl, muddepenmanaanareiH ayrmentanusael (DiffAug), connaii-ak remeparopabl
HKCTIOHEHIIUANIBI KBUDKbIMaJb! oprama (EMA) onici apKbUIbI KaHAPTYAbl KAMTH/IBI.
Canppik Oaramay ymin @peme KambIKTBIFBIHBIH (Fréchet Inception Distance, FID)
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METPUKACHI, CTIEKTPIIIK TaJAay )KOHE CHUHTETHKAJBIK opi HAKTHI OciHENIepAiH KapKbIH-
JBUTBIK TUCTOTpaMMallapbiH CABICTBIPY KongaHbuiasl. Anbsiaran 194,47 FID moni Gen-
riiep yJecTipiMAepiHiH opTamia JeHTreUIeri YKCACTHIFBIH KOpCeTemi, OYJI BU3yallIbl
KOHE CIIEKTPIIIK TayJjay HOTHXKEJEpIMEH JIe pacTajabl. 3epTTey HOTHIKENEPl MIapTThI
GAN wmuneie KT-0eiinenepine TOH aHaTOMUSIIBIK JKOHE TEKCTYPAJIBIK €PEeKIIeTIKTep/i
KalTa JKaHFbIPTA aJaThIHBIH, COH/Ial-aK KapbIKTHIKTHIH YJIECTipiMAEpl MEH KeHICTIKTIK
3aHJBUTBIKTAP/bl CAKTAUTHIHBIH KOPCETTi. ¥ CHIHBUIFAH TOCUT MHCYJBTTI KOHE MUJIBIH
0acka J1a MaToJIOTUsAJIAPBIH epTe AMArHOCTHKANIAY )KYHENepiH a3ipiey Ke3iH/Ie OKBITYFa
apHaJIFaH JIEPEeKTEp KUBIHTHIKTAPbIH KEHEHTY YIIiH, COHJai-aK KIMHHUKAIBIK 3epTTey
yAepicTepiHiH OacTanKel Ke3eHIHAET] 37IEMEHT PETiH/IE KOJINAHBLTYbl MYMKIH.

Tyiiinai ce3nep: cGAN, reHepaTuBTI KapChUTACTHIK kemisiep, MuabiH KT-0eii-
Helepi, MHCYJIBT, CHHTETHKAIBIK Jepektep, FID, criekTpiik Tanmay, MeJUIIMHAIBIK Oeii-
Heney, meaunmHagarsl GAN, cananbl Oarasnay

Moiiexco3nep ymin: TypceiHoBa A., Omapos b. (2026). MHCY/IBTTI TUarHOCTH-
Kanay kesinne mu KT-OeiiHenepiH cHMHTE3A€yre apHalFaH MApTThl gan TUIMIUIITIHIH
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AHHoOTanus. PazBuTue reHepaTuBHBIX MOJENEH, TAKUX KAK T€HEPATHUBHBIE CO-
cra3arenbHble cetu (Generative Adversarial Networks, GAN) 1 ux yclioBHbIE BepCHU
(cGAN), OTKpBUIO HOBBIE BO3MOKHOCTH B O0JIACTH MEIUIIMHCKON Bu3yanu3auu. Of-
HOW W3 KITIOYEBBIX MPOOJIEM aBTOMATU3MPOBAHHOW JUATHOCTUKH WHCYIIBTA SBISICTCS
OTpaHUYEHHBIN 00BEM JJOCTYIHBIX TAHHBIX, a TAKXKe AUCOAIAHC MEXKTy KIIacCaMU HOP-
MaJIbHBIX M MaTOJIOTUYECKUX n300pakeHunid. B nanHoi# pabote mpeziaraercst Hoaxox K
cuHTe3y peanuctuyHbix KT-n300pakeHuit ro1oBHOTO MO3ra Ha OCHOBE YCIIOBHOM reHe-
paruBHO# coctszarenbHOU ceTH (Conditional GAN), o0y4eHHO# Ha HabOpax JaHHBIX C
n300paKeHUSIMUA HOPMBI ¥ MHCYJIbTA, JUIS PEIICHHS 3a/1a4 OaaHCUPOBKH KJIACCOB U Te-
HEpAaIUH JOMOHUTEIBHBIX TPUMEPOB. METOIMKA BKITIOUAET APXUTEKTYPY C YCIOBHBIM
BEKTOPOM METKH KJlacca, aAalTUPOBAHHBIA TUCKPUMUHATOP CO CIIEKTPAIbHOW HOpMa-
mu3anuel, muddepennupyemyro ayrmerranuio (DiffAug), a Takke 0OHOBJICHHE TeHE-
paTopa ¢ MCHOJIb30BAHUEM HKCIIOHEHIIMAIBLHOTO CKoJb3smiero cpennero (EMA). s
KOJJMYECTBEHHOM OIEHKH HCIIONB30BAUCh METPUKH paccTostHus Pperne Mexay pac-
npenenenusiMu npusHakoB (Fréchet Inception Distance, FID), cnekrpanbHblii aHanms3
Y CPaBHEHHE TUCTOTPAMM MHTEHCUBHOCTH CHHTETUYECCKUX U PEAThHBIX H300paKEHUH.
[Tomyuennoe 3uauenune FID, paBHoe 194,47, cBUACTENHCTBYET 00 YMEPEHHOM CXOJI-
CTBE paclpeieIeHUuil MPU3HAKOB, YTO MOATBEPIKIACTCS PE3yIbTaTaMi BU3YaJIbHOTO U
CHEKTPAILHOTO aHanu3a. Pe3ynbsraTsl mokasbiBatoT, uto yciaoBHass GAN cnocobHa Boc-
MIPOU3BOJUTH aHATOMUYECKHE U TEKCTypHbIe ocobeHHocTr KT-n300paskeHuii ro10BHO-
TO MO3ra, COXpaHssl pacrpeaesieHus] SPKOCTH U MPOCTPAHCTBEHHBIE 3aKOHOMEPHOCTH.
[IpencraBiaeHHBIN TOAXOI MOKET IPUMEHATHCS IS pacIupeHus 00ydaromux Habopos
JTAHHBIX TIPU pa3pabOTKEe CUCTEM paHHEH TUArHOCTUKU WHCYIBTA U IPYTHX MATOJIOTHIA
TOJIOBHOTO MO3Ta, a TaKKe MCIOIb30BaThCs B KaUeCTBE JIEMEHTA MPEABAPUTEIHHOTO
JTarna B UCCIIEI0BATENBCKUX KIMHUYECKUX MPOIECCax.

KuroueBsle cioBa: cCGAN, reHepatuBHbie cocTsizarenbhbie cetu, KT romosHo-
r0 MO3ra, HHCYJIBT, CHHTETUYECKHE JaHHble, FID, cnekTpaibHbIi aHaIN3, MEAULIUHCKAS
Busyanusanus, GAN B MeUIIMHE, OLICHKA Ka4eCcTBa
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Introduction.

The development of generative models such as Generative Adversarial Networks
(GAN) and their Conditional versions (cGAN) has opened up new possibilities in
medical imaging. One of the key problems in the field of automated stroke diagnosis
1s the limited amount of available data, as well as the imbalance between the classes of
normal and pathological images. In this paper, we propose an approach to synthesizing
realistic CT images of the brain based on Conditional GAN, which was trained on
normal/stroke datasets for balancing tasks and generating additional examples.

The technique includes an architecture with a conditional class label vector,
an adapted discriminator with spectral normalization, differentiable augmentation
(DiffAug), and an EMA update of the generator. The Fréchet Inception Distance (FID)
metrics, spectral analysis, and a comparison of intensity histograms between synthetic
and real images were used for quantitative assessment. The obtained FID value of 194.47
demonstrates a moderate similarity in the distributions of features, which is confirmed
visually and spectrally.

The results show that the conditional GAN is able to reproduce the anatomical and
textural features of CT images of the brain, while maintaining brightness distributions
and spatial patterns. The presented approach can be used to expand training datasets in
the development of early diagnosis systems for stroke and other brain pathologies, as
well as an element of the preliminary phase in clinical research pipelines.

Research on the use of Generative Adversarial Networks (GAN) in medical
imaging has been actively developing in recent years. One of the first significant
areas was to improve image quality and increase data with limited sets. Creswell et al.
(Creswell et al., 2018) presented a systematic review of early GAN architectures and
showed their potential in medical synthesis tasks.

Modifications of the basic GAN architecture, such as Pix2Pix (Isola et al., 2017)
and CycleGAN (Zhu et al., 2017), have demonstrated successful image conversion
between medical modalities — for example, from MRI to CT scan. (Armanious et al.,
2020) and (Kazuhiro et al., 2022) have shown that such approaches increase diagnostic
accuracy with limited data.

Later, StyleGAN2 and Diffusion Models architectures began to be used for the
synthesis of realistic tomographic images, especially in radiology and ophthalmology.
For example, Zhang et al. (Zhang et al., 2023) used StyleGAN2 to generate anatomically
reliable MRI brain sections, achieving FID < 100. Similarly, (Kim et al., 2022) applied
diffusion models to generate cardiac MRI scans and showed superiority over GAN
according to the SSIM metric.

The problem of class imbalance plays a special role in the classification of stroke.
(Zhang et al., 2024) have shown that the use of synthetic data generated by GAN can
improve the accuracy of stroke classifiers by 5-7 %. Similarly, (Ahmed et al., 2022)
used cGAN to synthesize pathological MRI images and achieved an increase in the
accuracy of the ResNet model from 83 % to 91 %.

Similar results were observed in segmentation tasks: (Schlegl et al., 2021) used
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AnoGAN to identify anomalies in fundus images. (Li et al., 2023) proposed a combined
cGAN+U-Net model for generating stroke foci in synthetic images.

Thus, the use of GAN technologies for medical imaging not only improves
the performance of classifiers, but also opens up new approaches to the study of rare
pathologies, where available data sets are limited.

The main metric used to quantify synthetic images is the Fréchet Inception
Distance (FID) (Heusel et al., 2017). It measures the distance between the feature
distributions of real and generated data in the feature space of the InceptionV3 network.

However, this indicator is not sufficient in medical imaging. Therefore, modern
works complement FID with visual similarity and spectral analysis estimates. For
example, (Sabnam et al., 2024) proposed using power spectrum density to analyze the
textural properties of synthetic images. In the work of (Hwang et al., 2023). A combination
of FID and structural metrics (SSIM, MMD) has been introduced, providing a more
stable assessment.

Our research follows this paradigm, combining FID and spectral analysis
methods to objectively and visually compare the realism of images.

Materials and methods.

The model used is based on the Conditional Generative Adversarial Network
(cGAN) architecture (Mirza et al., 2014), in which the generator receives a random
noise vector z £ R" and a class label y £ {normal, stroke} as input. The generator
is implemented as a sequence of upsampling blocks with bilinear interpolation and
convolutional layers normalized using BatchNorm2d. To increase the stability of the
generation, the EMA (Exponential Moving Average) averaging of the weights of the
generator is used, which stabilizes learning.

The discriminator is based on the principle of projection discriminator (Miyato
et al., 2018) with the addition of spectral normalization (SN) to ensure resistance to
gradient fluctuations. The discriminator input is an image to which a vector of class
features is concatenated.

The architecture is trained on 128x128 grayscale images. For regularization,
Instance Noise (6=0.05, decay=0.98) and Differentiable Augmentation (DiffAug) are
used (Zhao et al., 2020).

The training was conducted using TTUR (Two-Time Update Rule) (Heusel et
al., 2017), where the learning rates of the generator and discriminator differed (LR
G=1e—4, LR _D=4e¢—4). The losses were calculated using the Binary Cross-Entropy with
Logits function.

Each epoch included 63 iterations with a step ratio of G:D = 2:1. Label smoothing
was used to smooth the labels (0.85-0.95 for real, 0.05-0.15 for fake). The training was
conducted for 200 epochs.

We compute Fréchet Inception Distance (FID) on grayscale CTs by replicating
the single channel to 3 channels and resizing to 299x%299 before feeding Inception-V3
(pool3) features with ImageNet normalization. For headline scores we use class-
balanced sampling (N_fake = 1000 per class) against the real set (N_real = 500; normal
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310, stroke 190). Unless stated otherwise, results refer to this standardized protocol.

For training and validation, a composite data set was used containing 2501 CT
images of the brain (in shades of gray, 650x650 pixels in size), collected from open
sources: Kaggle («Brain Stroke CT Dataset»). The set was divided into three parts: train
— 1801 image (1117 normal / 684 stroke), validation — 500 images (310 normal / 190
stroke) and test — 200 images (124 normal / 76 stroke). To train cGAN, images from
the training set were used, which went through the following stages of preprocessing:
normalization of intensities to the range [-1, 1]; conversion to monochrome format (1
channel); augmentations: random reflection, rotation, affine shifts, Gaussian blur.

Data were obtained from the public Kaggle Brain Stroke CT dataset. No patient-
identifying information is provided (de-identified). Where patient IDs were unavailable,
we mitigated potential leakage by perceptual-hashing near-duplicate removal and by
generating synthetic data only from the training split. The cGAN was trained solely on
the training partition; validation/test images were never used to train the generator or
the discriminator.

Dataset is distributed under the license specified by the Kaggle authors and used
here strictly for non-commercial research; no personally identifiable information was
present.

Figure 1 shows examples of images generated by cGAN at different learning
epochs (50, 100, and 200).

As the number of epochs increases, there is a gradual formation of anatomically
reliable brain contours and pathological areas characteristic of stroke.
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Fig. 1. Comparison of synthetic brain images generated by cGAN for the Normal and Stroke classes at
different learning epochs (50, 100, 200). The upper rows (on the left) represent images of normal patients, the lower
ones (on the right) represent stroke patients.

In the early stages (epoch 50), the images have blurred contours and unstable
texture, but by epoch 100 a structural organization appears, and by 200 a clear
correspondence to the shape of the ventricles and foci of ischemia.

FID and cFID metrics

Usingthestandardized protocol (Sec. 3.2), thefinal cGAN attains FID(all)=194.47,
cFID normal=209.07, and cFID_stroke=220.89 (Fig. 2A).

Figure 2B shows the evolution of FID during training for a single seed: the curve
decreases from =543 at epoch 1 to =323 at epoch 200. Because Fig. 2B uses a single run,
whereas Fig. 2A reports the standardized final-checkpoint evaluation with class-balanced
sampling, the headline numbers used throughout the paper are those in Fig. 2A. To
quantify the contribution of key stabilizers, we will disable each component in isolation
and retrain under identical settings: (1) no DiffAug, (i1) no spectral normalization (SN),
(i11) no EMA. Evaluation will follow the standardized protocol (Sec. 3.2) reporting
FID(all) and class-conditional cFID with K>3 seeds (mean + SD). This ablation will be
included in the next revision.

Together with the spectral and intensity-distribution analyses (Figs. 3—4), these
results indicate that the generator captures low- and mid-frequency structure reasonably
well, with a modest high-frequency deficit typical for medical GANSs.

Table 1. FID and cFID under the standardized evaluation (Sec. 3.2).

Metrics Value
FID (all) 194.5
cFID (normal) 209.1
cFID (stroke) 220.9

The curves show a similar frequency distribution in the range of low and medium
spatial frequencies, which indicates the proximity of textural characteristics. Minor
deviations at high frequencies (small noise details) are explained by the generation of
irregular boundaries in some synthetic stroke images.

A comparison of the dynamics of FID by epoch is shown in Figure 2.
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Fig. 24. Overall and class-conditional FID.

Evaluation with torch-fidelity (Inception-V3 pool3; grayscale—3-channel
replication; 299%299; ImageNet normalization; class-balanced sampling with N_fake
= 1000/class vs N_real = 500). Lower is better. Final scores: FID(all)=194.5, cFID

normal=209.1, cFID_stroke=220.9.

FID evalution during training (cGAN)

550
500
450
-
o
400
350
1] F.s ] 50 5 100 125 150 175 200
Epochs

Fig. 2B. FID vs. epoch (single seed). The curve goes from ~543 (epoch 1) to =323 (epoch 200).

These are single-run values. Headline numbers in Fig. 2A (FID=194.5;
cFID=209.1/220.9) come from the standardized evaluation (Sec. 3.2) with class-
balanced sampling and are used throughout the article.

All headline FID/cFID scores are reported for a single seed; a multi-seed mean

+ SD will be added in the next revision.
We will quantify the contribution of DiffAug, spectral normalization (SN), and

EMA by disabling each component in isolation and re-training under identical settings,
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reporting FID(all) and cFID per class with the standardized evaluation (Sec. 3.2). Multi-
seed (K>3) mean + SD will be provided.

Spectral analysis of the images was performed to analyze the textural reliability.
Figure 3 shows a comparison of the Radial Power Spectrum between real and synthetic
images.

Radial Spectrum + Real vs Fake

84 | — Real
\ Fake
- B
[=i]
=
=
L)
08
[=
o
a
E
g2
ﬂ.
0 20 40 60 B0
Radius (freq)

Fig. 3. Average radial power spectrum for real and synthetic images.

A similar method has been used by other authors, for example, Sabnam et al.
(Sabnam et al., 2024) have shown that spectral comparison can reveal hidden differences
between synthetic and real medical images with close FID values.

Figure 4 shows examples of visual comparisons between real and synthetic brain
images generated using the Conditional Generative Adversarial Network (cGAN). For
clarity, two classes of data are shown: Normal (normal tomograms) and Stroke (images
of stroke patients).

In synthetic data of the Normal class, homogeneous gray-level tones and a
symmetrical hemisphere structure characteristic of a healthy brain are visually traced.
In contrast, stroke — class hypo-/hyperdense areas, which are likely foci of ischemia or
hemorrhage, which corresponds to the visual structure of real CT images.

Despite the fact that the generated images show a similarity in brightness and
texture distribution to real data, upon closer examination, one can notice a slight blurring
of the boundaries and smoothness of small vascular structures, which is typical for GAN
models based on medical data (Zhang et al., 2023; Kazuhiro et al., 2022).

Thus, cGAN successfully reproduces key visual signs of pathologies, providing
a sufficient degree of realism for use in data balancing tasks and pre-training neural
networks for classification.
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Fig. 4. Examples of comparing real and synthetic brain images (Normal/Stroke).

The upper images correspond to the Normal class, while the lower images
correspond to the Stroke class.

Downstream augmentation experiment (protocol)

To assess practical utility of the synthetic data, we trained a standard compact
CNN classifier on the same binary task (stroke vs normal). The model was trained
from scratch on the training split (grayscale 128%128 inputs), using Adam(lr=1e—3,
B1=0.9, P2=0.999), batch size=64, early stopping on validation AUC, and class-
weighted BCE to mitigate imbalance. We evaluated four settings: real-only (baseline)
and real+synthetic with augmentation ratios r & {0.25, 0.5, 1.0} relative to the real
minority class (stroke). Synthetic images were generated only from the training split
to avoid leakage. Performance was measured on the held-out test set at patient level (if
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patient IDs unavailable, near-duplicate removal and split integrity checks were applied),
reporting AUC-ROC, AUC-PR, sensitivity, specificity, each with 95% bootstrap Cls
(1000 resamples). Thresholds were selected on validation using the Youden J criterion.
We will release scripts to reproduce training and evaluation. We will report ROC-AUC,
PR-AUC, sensitivity and specificity with 95 % bootstrap Cls for r € {0.25, 0.5, 1.0}
in the revised submission.

Results and discussion.

The experimental results showed that the proposed Conditional GAN model is
capable of forming realistic images of the brain, visually and statistically close to the
original data. The key metric for quantification was the Fréchet Inception Distance (FID),
whose value was =194, which corresponds to the level of visual similarity acceptable
for generating medical images of medium complexity (see similar values in (Choi et al.,
2022; Sanchez-Torres et al., 2023)).

Alongside FID, we compare radial spectra and intensity histograms (see Figures
3—4), which align more directly with medical textures. The primary quantitative metric is
the Fréchet Inception Distance (FID = 194 under the standardized evaluation), supporting
moderate realism for mid-frequency structure while revealing a high-frequency deficit
typical of medical GANS.

Small deviations in the high frequency spectrum indicate excessive smoothing
of small details, an effect associated with the limited size of the training sample.

The model showed particularly good quality in the Normal class, where brain
textures and contours are restored with high confidence, while for the Stroke class there
is a greater variation in FID (=220.9). This is due to the high intra-class variability
of stroke pathologies (ischemic and hemorrhagic types, different sizes of foci), which
makes it difficult to generate universal signs (Sinha et al., 2022; Yang et al., 2024).

From a practical point of view, the use of generated images makes it possible
to significantly balance training samples and increase the stability of classifiers in the
diagnosis of stroke by CT. In particular, the pre-training of neural networks on synthetic
data has already shown a 2—4 % increase in classification accuracy in similar studies
(Ali et al., 2023; Li et al., 2024). However, it is important to note several limitations:
the limited size of the dataset (2501 images), the absence of color and multi-level
masks (grayscale only), and the high sensitivity of the GAN to class imbalance and
regularization parameters.

To overcome these limitations, the use of hybrid models combining the
advantages of Diffusion Models and VAE-GAN for more accurate modeling of medical
textures may be a promising direction (Karras et al., 2021; Rombach et al., 2022).

Limitations and clinical validation

Our study prioritizes visual/statistical fidelity over clinical utility; FID relies on
natural-image features, hence we complement it with spectra and intensity distributions.
Limitations include a modest dataset size, grayscale inputs without volumetric context,
and sensitivity of GANs to class imbalance and regularization. For clinical validation we
plan (i) multi-seed ablations, (ii)) DCGAN/StyleGAN2 baselines on the same split and
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license-compliant protocol, and (iii) a downstream classifier evaluation (real-only vs
real+synthetic) with ROC-/PR-AUC and operating-point analysis (95% ClIs), ensuring
split integrity and no leakage.

Conclusion.

This paper presents an experimental study on the use of Conditional GAN for
brain image synthesis, aimed at expanding and balancing medical datasets for stroke
diagnosis. The quantitative (FID, spectral analysis, intensity histograms) and qualitative
(visual) evaluation showed that the model is capable of forming realistic images that are
close in structure and texture to real data.

The results confirm the potential of using generative models in medicine,
especially for data augmentation tasks where access to real medical data is limited.

Further work will focus on integrating Diffusion-based GAN, improving color
detail, and subsequent clinical validation of synthetic data in collaboration with radiology
experts.
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