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Abstract. This study presents an automated and explainable decision-support
framework for medical image analysis. The proposed method detects the principal
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1. Introduction

Contemporary healthcare relies heavily on medical imaging to suc-
cessfully diagnose, track, and manage disease progression. Techniques
such as computed tomography (CT), magnetic resonance imaging (MRI),
ultrasound, and X-ray radiography constitute the core of this diagnostic
toolkit. Fundamentally, these technologies allow practitioners to peer into
the human body without resorting to invasive surgical procedures, thereby
accelerating accurate diagnoses and therapeutic interventions. Functioning
as a computational diagnostic framework, medical imaging facilitates the
identification and quantification of subclinical abnormalities, supporting
timely intervention and refined prognostic stratification?.

Despite immense leaps in both diagnostics and oncology, cancer
persistently ranks among the highest causes of death worldwide [1,2]. To
combat this, computational decision-support architectures have been
deployed across domains such as medical statistics analysis, genomics [3],
medical image analysis [4]. Nevertheless, an ongoing demand exists for
analytical models that are not only accurate but also interpretable.

Within neuroimaging, anatomical symmetry operates as a highly
informative biomarker; an absence or disruption of this balance frequently
points toward an underlying pathological condition [5-7]. This principle
governs paired anatomical features like breasts or kidneys, as well as
inherently symmetrical singular structures like the human face and brain.
A substantial body of historical research confirms that symmetry-oriented
metrics hold immense diagnostic value [6-9]. Nevertheless, this field
requires methodological innovation to improve early detection capabilities
and ensure the transparency of the resulting models.

Expanding upon our earlier investigations [10], the present study
adapts the angled-line technique to neuroimaging, facilitating the extraction
of cerebral symmetry markers to identify malignant growths. We introduce
a completely autonomous framework for brain tumor identification driven
by multimodal MRI symmetry evaluation. Because the pipeline is fully
automated, it eliminates the need for manual parameter tuning by the end
user. The angled-line method is centrally deployed to calculate the pivotal
axis of symmetry, a prerequisite for assessing bilateral morphological traits.

! World Health Organization™ https://www.who.int/
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A primary contribution of this research lies in highlighting the predictive
strength of mass imbalance alongside intensity asymmetry coefficients
drawn from MRI data, effectively proving that cerebral asymmetry is a
potent hallmark of brain tumors. Ultimately, this methodology is positioned
as a viable computer-aided diagnostic tool to assist medical professionals.
The core innovation rests in delivering a sequential, end-to-end medical
decision support pipeline specifically engineered to isolate tumor-bearing
MRI scans.

2. Methods and Materials

The dataset was obtained from Kaggle [11] and comprises brain
MRI images from 110 patients (cases) along with manually created
fluid-attenuated inversion recovery (FLAIR) abnormality masks. A total of
1300 FLAIR sequences were utilized in this research, with 845 (65%)
categorized as non-cancerous and 455 (35%) identified as containing tumors.
Each image measures 256 x 256 x 3.

Similar to the automated path line extraction used in aortic modeling
[12], our method utilizes the angled line equation to establish a symmetry
axis and extract image-based morphometry. The symmetry axis is estimated
on the grayscale version of the FLAIR images using the angled-line
formulation [10]. Converting the image to gray usually reduce the processing
time.

Each line represents a possible candidate for the line of symmetry.
Typically, the line of symmetry of the brain is situated near its center of
mass. Consequently, the search for this line was confined to the area
adjacent to the center [13]. The optimal symmetry line is determined by
selecting the line that exhibits the highest Jaccard and Cosine index values.
The gray image undergoes binarization using the Fuzzy C-Means (FCM)
Clustering Method [14].

FCM is an unsupervised clustering technique commonly employed in
medical image segmentation. It groups similar pixels into clusters based on
their fuzzy memberships through the Fuzzy C-Means clustering approach
[14]. This iterative algorithm aims to minimize a cost function, as defined
in Equation (1). The cost function is contingent upon the distance of the
pixels from the cluster centers.

(1) T=> > ul ;- il
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where N, denotes the number of pixels, ¢, denotes the number of clusters,
and z; denotes the intensity of the jth pixel.

In this research, the number of clusters, c, is set to 3, where u;;
indicates the membership of x; in the ith cluster, v; signifies the center of
the ith cluster, and m regulates the fuzziness, maintaining a constant value.
The membership function and cluster centers are updated at each iteration
using the formulas presented in equations (2) and (3):

1
(2) Ujj = g

. (ij_vzn) -t
2 \Jla; —wnl
N
> i
(3) v ==

=
m
Z Uij
j=1

The Dice metric in this study quantifies the spatial concordance
between one cerebral hemisphere and its mirrored counterpart. Prior work
[15-17] indicates that tumor growth not only alters local intensity patterns
but also induces anatomical displacement of adjacent structures, making
reduced interhemispheric overlap a salient marker of a space-occupying
lesion. Accordingly, a low Dice value reflects poor bilateral correspondence
and suggests increased asymmetry, whereas higher values indicate stronger
structural symmetry in the analyzed MRI volume.

Importantly, the Dice metric is shape-based rather than intensity-
based: it evaluates the binary foreground support of each hemisphere
without considering pixel brightness. As a result, it is less sensitive to
scanner-dependent bias fields, illumination inhomogeneity, and other
acquisition artifacts that can confound intensity-driven measures and
generate false positives [16,17]. This makes the Dice index particularly
suitable for symmetry analysis in brain MRI, where geometric alignment is
often more informative than raw signal magnitude. The Dice index is
computed according to the following equation
2|AN B
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where A and B denote the binary masks corresponding to the left
hemisphere and the vertically reflected right hemisphere, respectively. The
numerator measures the number of overlapping foreground pixels, while the
denominator normalizes this overlap by the total foreground support in
both masks.

We reverse this metric, which aligns with our Dice asymmetry (DS)
metric
(5) DS =1 — Dice.
Normal brain hemispheres exhibit nearly identical mass. In this context,
this mass is represented by the foreground pixels present in the binary
image. The aforementioned mass asymmetry formula serves to differentiate
between space-occupying mass in both hemispheres [18]. The mass
imbalance (MI) index is calculated using
|A" = B|
where A’ and B’ represent the total intensity mass in the left image half
and the flipped right image half, respectively. If the overall «mass» (sum of
pixels) of the foreground pixels in one hemisphere significantly exceeds the
corresponding sum in the opposite hemisphere, it is identified as a potential
lesion rather than merely a natural variation. This measures global level
asymmetry.

(6) MI =

Gradient asymmetry (GA) focuses on identifying the edges and
assessing their sharpness in various sections of the hemisphere, as well as
examining how the detected edges and their sharpness vary between the
two hemispheres. Structural sharpness is characterized by elevated Sobel
gradient values. Tumors frequently exhibit heterogeneous textures instead
of consistent brightness. Variations in gradients reflect the «edge contrast»
of hyperintense areas, serving as a predictive marker for tumor invasion
and patient survival rates [19]. The quantification of GA in grayscale
images is performed using the equation:

N
1

(7) GA = =3 |Gulp) - Gh)|.

p=1
where Gr(p) and Gjl;(p) denote the magnitude of the Sobel gradient at
pixel p in the left half of the image and the mirrored right half, respectively.
N represents the total number of pixels within the area of interest, while p
indicates the pixel index.
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The distribution of intensity levels in brain MRI can provide essential
information regarding potential tumor areas. The variation in intensity
across different brain regions is typically highlighted due to the edema
induced by tumors surrounding the affected area. This edema appears
as a high intensity level in the FLAIR modality, allowing for the clear
identification of abnormal regions in FLAIR images [20]. In this research,
this intensity asymmetry (IA) is quantified using:

1 ;
(8) ey 1(0) — h(p)|.

where, I, (p) and T };(p) denote the intensity of the pixel located at position
p in the left half of the image and the corresponding flipped right half,
respectively. This method enables the examination of the intensity patterns
between the hemispheres, in addition to identifying misaligned features at
the pixel level.

The Structural Similarity Index (SSIM) is a perceptually motivated
image-quality measure that is used to quantify structural degradation
between two images [21]. In this study, SSIM is computed between the left
hemisphere and its mirrored counterpart by decomposing similarity into
three complementary components: luminance, which evaluates differences in
mean intensity; contrast, which assesses the dispersion of signal values; and
structure, which captures local spatial organization and texture consistency.
This decomposition makes SSIM particularly suitable for symmetry-based
analysis in brain MRI, where pathology may manifest not only as intensity
variation but also as subtle alterations in tissue arrangement [22].

Recent studies [23,24] have highlighted SSIM as a robust descriptor for
evaluating the fidelity and diagnostic relevance of automated medical-image
analysis frameworks. In particular, SSIM is well suited to distinguishing
between mass-effect lesions, which primarily induce anatomical displacement,
and infiltrative lesions, which may produce more localized radiometric and
textural abnormalities. For infiltrative tumors in FLAIR images, SSIM can
detect fine-grained structural perturbations that may not be captured by
intensity-based metrics alone. This makes it a valuable complement to
geometric and photometric asymmetry measures in tumor characterization.
In the present work, SSIM is defined as

(2papry + C1)(200y + Cs)
(12 + 15 + C1)(02 + 07 + C2)’

(9) SSIM(z,y) =
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where x and y denote the left and right-flipped image halves, respectively.
The terms 1, and p,, represent the mean intensities of = and y, while o2 and
02 denote their variances. The covariance between the two regions is given
by 04y. The constants C; and C5 are included to ensure numerical stability
and prevent singularities when local statistics approach zero. Together,
these terms provide a normalized estimate of structural correspondence that
is highly informative for bilateral symmetry assessment in medical imaging.

A higher value of SSIM index indicate a greater similarity between
the compared hemispheres. However, to ensure consistency with direct
asymmetry-based metrics (GA, IA, MI) we invert this metric which
corresponds to our structural asymmetry (SA) metric:

(10) SA =1— SSIM.

For each image, the gray and binarized versions are divided into two
halves along the symmetry line. The resulting images are designated as
Left and Right, corresponding to the left and right halves, respectively. The
right half is mirrored along the vertical axis and labeled as Right-flipped.
This process allows for the alignment of similar structural regions of the
brain in the same orientation.

Subsequently, various metrics are computed between the Left and

Right-flipped halves. The asymmetry of the brain image is quantified using
five complementary metrics:

Dice asymmetry (DS),

mass imbalance (MI) for the binary mage,
gradient asymmetry (GA),

intensity asymmetry (IA), and

structural asymmetry (SA) for the gray image.

These metrics collectively capture geometric, textural, and intensity-based
deviations from bilateral symmetry. Using the CatBoost algorithm [25],
MRI images were classified as either cancerous or non-cancerous based
on the extracted metric values. The dataset, comprising 1,300 MRI
images, was partitioned into training and validation subsets using stratified
sampling: 80% of the data (1,040) was allocated for training, while the
remaining 20% (260) was reserved for validation.

To enhance model robustness and mitigate overfitting, K-fold cross-
validation was employed during the training phase. Since the raw
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probability outputs generated by CatBoost may not accurately reflect
true posterior confidence, a calibration step was incorporated to improve
probabilistic reliability. Sigmoid (Platt scaling) calibration was applied to
map the predicted scores to calibrated probability estimates. Additionally,

a fixed random seed was specified to ensure reproducibility and stability of
the results.

The chart of the algorithm utilized in this research is illustrated in
Figure 1
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a b C

FIGURE 2. Symmetry line search:(a) FLAIR MRI, (b) Gray
image with symmetry line, (c) Binary image with symmetry
line

3. Results

The suggested methodology was implemented on the brain FLAIR
images obtained from the dataset. The ground truth for every image is
located within the dataset tasks, corresponding to the manually generated
mask for each image created by an expert. Figure 2 illustrates an example
of the original image, its grayscale version, and the binarized version.
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Ficure 3. Feature importance graph

Performance evaluation examined sensitivity, accuracy, and specificity.

It was noted that the mass imbalance (MI) metric had a more significant
influence on the classification algorithm. Figure 2 shows the original
FLAIR image, which was converted to gray and used to find the best
symmetry line. The binary image was obtained via the FCM method and
the previously determined symmetry line applied.

Using the CatBoost algorithm [25], the classification was performed
on the basis of the extracted features. As illustrated in Figure 3, the
feature-importance analysis identified mass imbalance (MI) as the most
influential variable, followed by intensity asymmetry (IA), whereas structural
asymmetry (SA) exhibited the lowest contribution.

This pattern indicates that features derived from binary representations
captured interhemispheric differences more effectively than the grayscale-
derived feature. In particular, the mass imbalance, computed from
binary images, demonstrated greater discriminative utility than structural
asymmetry, which was derived from grayscale images.
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4. Discussions

The proposed symmetry-axis detection pipeline demonstrated high
anatomical fidelity across the FLAIR MRI dataset. By restricting candidate
lines to the vicinity of the brain’s center of mass and jointly optimizing
Jaccard and cosine similarity indexes, the algorithm consistently identified
midline structures with sub-pixel precision.

This geometric consistency underscores the robustness of the angled-line
formulation in handling inter-subject variability in head orientation and mild
pathological midline shifts. The stability of the computed symmetry axis
serves as a reliable foundation for subsequent bilateral feature extraction,
effectively mitigating alignment-induced noise that often compromises
conventional registration-based approaches.

Feature-importance analysis revealed that mass imbalance (MI) was
the most discriminative predictor, achieving 70% classification accuracy
when used in isolation. This aligns with the clinical observation that
space-occupying lesions predominantly manifest as volumetric mass effects,
which are efficiently captured after FCM-based binarization isolates
foreground tissue from background and non-brain structures.

Intensity asymmetry (IA) emerged as the secondary contributor,
reflecting FLAIR-specific hyperintensities associated with peritumoral
edema and infiltrative tumor margins. Conversely, gradient asymmetry
(GA) and structural asymmetry (SA) exhibited lower predictive weight,
likely because FLAIR sequences prioritize fluid-suppressed intensity contrast
over fine textural or edge-based differentiation.

The reduced utility of grayscale-derived metrics in this context suggests
that binary morphometric features may be more robust for symmetry-based
tumor screening in FLAIR modalities, though multimodal fusion (e.g., T1,
T2, or contrast-enhanced sequences) could restore the diagnostic value of
structural and gradient descriptors.

When integrated into the CatBoost ensemble, the five asymmetry
metrics produced an ROC-AUC of 89%, along with 80% accuracy, 88%
sensitivity, and an Fl-score of 80%. CatBoost was deliberately chosen for
its resilience to heterogeneous tabular data, its automatic management of
feature interactions, and its ability to prevent overfitting in moderately
sized datasets.
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In addition to its predictive capabilities, the framework emphasizes
clinical interpretability: each asymmetry metric is linked to a specific
biophysical property (volumetric displacement, intensity deviation, edge
contrast, and structural coherence), allowing clinicians to connect clas-
sification outcomes to measurable imaging biomarkers. This level of
transparency mitigates a significant challenge in Al-assisted diagnostics,
where opaque models frequently lack actionable clinical justification and
endorsement by medical experts.

Several limitations merit attention.

1. The research is based solely on a publicly accessible FLAIR dataset,
which might not encompass the complete variability of clinical MRI
protocols, different scanner manufacturers, or varying magnetic field
strengths.

2. Although the FCM binarization process is computationally efficient,
it is susceptible to intensity inhomogeneities and may necessitate
adaptive bias-field correction or atlas-guided initialization for more
extensive application.

3. Non-neoplastic conditions (such as ischemic stroke, traumatic injury,
or congenital asymmetries) may also interfere with bilateral symmetry,
potentially leading to false positives in actual clinical screenings.

Future iterations will integrate multi-modal MRI inputs, and validate
the pipeline using multi-center cohorts. From a systems perspective, the
lightweight computational footprint of the proposed pipeline makes it
ideally suited for edge deployment in resource-limited clinical settings or as
a triage component within larger medical decision-making workflows.

Ultimately, by combining mathematically grounded symmetry metrics
with an interpretable gradient-boosting classifier, this research propels the
advancement of transparent, theory-driven decision-support systems for
neuro-oncological imaging and enhances data processing speed.

5. Conclusions

This study presents a fully automated, theory-driven framework for
detecting brain tumors in FLAIR MRI by quantifying bilateral asymmetry.
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By leveraging an optimized angled-line formulation constrained to the
brain’s center of mass and validated through Jaccard and Cosine similarity
metrics, the pipeline reliably localizes the anatomical midline without

iterative registration or manual initialization.

This geometric foundation enables the systematic extraction of five
complementary asymmetry descriptors, capturing volumetric, intensity,
gradient, and structural deviations between hemispheres. Integration of
these metrics into a CatBoost classifier yields robust diagnostic performance
(ROC-AUC 89%, accuracy 80%, sensitivity 88%, Fl-score 80%), confirming
that symmetry degradation is a highly discriminative biomarker for

space-occupying lesions.

In addition, the primary clinical significance of the framework is
its built-in interpretability. Unlike the opaque nature of deep learning
models, each input feature is directly linked to a measurable biophysical
characteristic (such as mass displacement, intensity heterogeneity, edge
contrast, and structural coherence). This level of transparency empowers
radiologists and neuro-oncologists to connect classification results to specific
morphometric variations, thereby enhancing clinical trust and promoting

regulatory acceptance.

From a methodological perspective, the streamlined design of the
pipeline avoids the need for computationally demanding voxel-wise
segmentation or complex convolutional architectures, which greatly
decreases data processing time and inference latency. Furthermore, the lack
of necessity for manual parameter adjustments, along with the lightweight
tabular format of CatBoost, allows for swift, slice-level screening that can

function effectively on standard clinical equipment.

Ultimately, this system is designed to enhance clinical workflows
rather than replace expert judgment. By delivering fast, explainable,
and mathematically grounded assessments, it empowers medical teams
to prioritize high-risk cases, reduce diagnostic fatigue, and make more
informed, evidence-based decisions—particularly in high-volume or resource-

constrained settings.
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Future work will focus on extending the evaluation using larger and
more diverse datasets to further validate the robustness and generalizability
of the approach. Moreover, performance improvements are anticipated
through the extraction of features not only at the global image level but
also at finer sub-regional scales, enabling more localized characterization of
tumor patterns. Through its balance of computational efficiency, algorithmic
transparency, and clinical utility, the proposed framework advances the
development of practical decision-support systems for neuro-oncological
imaging.
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AxHoTauus. B mamHOM mCC/IeOoBaHUM MTpE/ICTaB/IeHA aBTOMATU3UPOBAHHAS U
0O'bsICHsIEMAsT CUCTEMA TIOJIJIEPXKKY [IPUHSITUST PEIIEHUI JIJIsT aHAIN3a MeUIIMHCKUAX
n3obparkennii. [Ipemjiaraemblit MeTOJ BBISIBJIsIeT IVIABHYIO OCh CUMMETPHUU Ha
n3o0paxkenusx MPT rosoBHOro Mo3ra B OTTEHKaxX CEPOro, MOJYUEHHBIX C TOMOIIBIO
merona FLAIR, myTeM BbIGOpa BO3MOXKHBIX OCEl BOJIU3U IEHTPA MaCC MO3Ta U
onTUMU3ANUN KO UIMEHTOB cxocTBa 2KaKKapa 1 KOCHHYyca. 3aTeM n300paskKeHust
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(nuBepTupoBanHbli SSIM) Ha N300parkeHUAX B OTTEHKAX CEPOro. DTU NPU3HAKU
kiaccudunupyorcs mozeiabio CatBoost Ha oHKOJIOrMUecKne u HOpMAJIbHBIE CJIyYaH,
JOCTHUras IIOmAaM 1oj, xapakrepuctudeckoi kpusoit (ROC-AUC) 89%, rounocru
80%, ayscrBuTenpnoctn 88% u Fl-nokazarens 80%.
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Beepenne

s ycrentHo#t [UarHOCTUKU, OTCJIEKUBAHUS W YIPABJICHUS [IPOTPECCH-
poBaHmeM 3a00JI€BAHNsT COBPEMEHHOE 3/IPABOOXPAHEHNE B 3HAUUTETBHOMN
CTEIeHN 3aBUCUAT OT MEJUIIMHCKON BUI3yaJm3anuu. lakue MeTOmbI, KakK
koMmIibiorepuasi Tomorpadus (KT), maraurHo-pesonancuas Tomorpadus
(MPT), yabrpasByKOBbIE U PEHTTEHOBCKHE UCCJIEIOBAHUSI COCTABJILIOT sIJIPO
9TOTO AUATHOCTUYIECKOTO MHCTPYMEHTAPHUs. DTU TEXHOJIOTHHU TO3BOJISIOT
MMPAKTUKYOMIM BpadaM 3arjsIbIBATh B 4€JIOBEUECKOE TEeJIO, He mpuderas
K MHBA3UBHBIM XUPYPIrUYECKUM TIPOIELYPaAM, TEM CAMBIM YCKOPSIS TOYHYIO
JMIMATHOCTUKY U TEPAIIEBTUIECKUE BMEIIATEIbCTBA. MeunHcKas BU3yaIn3ais
objierdaer BBISIBJICHUE, & KOJIMIECTBEHHAs OIEHKA CYOK/IMHUIECKUX aHOMAJIHIA,
IO IEPKIBast CBOEBPEMEHHOE BMEIATE/ILCTBO U yTOYHEHHBIH TPOTHO3 .

Hecmorps Ha yirydiniennst B THArHOCTHUKE, PAK [TOCTOSTHHO BXOAUT B IHCJIO
YACTBIX NPUYUH CMepTu Bo BeceM mupe [1,2]. s yirydinenus auarnocTupo-
BaHUS UCIOJIB3YIOTCA CUCTEMBI IO/JICPXKKHU ITPUHATHSA PEIleHnuil B TAaKUX
06J1aCTAX, KAK AHAJIA3 MEJIUIMHCKON CTATUCTUKY, TeHOMUKa [3] u anauus
MezunuHCKuX u3obpazkenuit [4]. Tem He MeHee, CyIIeCTBYeT HOCTOSHHBLI CIIPOC
Ha aHAJIMTHYECKHE MOJEJN, KOTOPble He TOJIbLKO TOYHBI, HO M MHTEPIIPETUDYEMBL.

B meitpoBusyasmsaimm aHaTOMIIECKas CHMMETPHUsT JefCTBYeT KaK BBICOKO-
nH(GOPMATUBHBIN OHOMApKEP; OTCYTCTBUE WU HAPYIIEHUE ITOTO DATAHCA IaCTO
YKa3bIBAET HA OCHOBHOE TIATOJIOTUIECKOE COCTOsTHUE [5—7]. DTOT mpuHIMAIT
peryJimpyer napHble aHATOMUYIECKHE OCOOEHHOCTH, TAKHe KAK CUMMETPHUsT
rPY/U WK TIOYEK, a TaKKe 1O CBOEH CyTH CUMMETPUYIHBIE CHHTYJISIPHBIE
CTPYKTYPBI, TAKUE KAK I€JTOBEYECKOE JIUIO U MO3T. SHAYUTEIHHBIN 06beM
UCCJIeI0OBAHUI TTOJITBEPIKIAET, YTO METPUKU, OPHEHTUPOBAHHBIE HAa CHMMETPHIO,
UMEIOT OPOMHOE JuarHocrudeckoe suadenne [6—9|. s cosepiiencrBoBa-
HUST BO3MOXKHOCTEH PAHHEro OOHApYKeHUs U 00eCIedeHrsT TPO3PATHOCTH
PE3YIBTUPYIOMUX MOjiesiell TPeOYIOTCS METOI0JIOTHIECKIEe NHHOBAIIH

Pacmmpsist Hamm nipespiynme nccaegosanus [10], HacTosimee uceenoBa-
HUE aJalTUpyeT TEXHUKY YIJIOBOH JINHUU K HEHPOBU3yaM3aIuu, o0jerdast
U3BJIEUEHIE MAPKEPOB 1epeOPaIbHON CUMMETPUN JIJIsT BBISIBJICHUS 3JI0KATe-
CTBEHHBIX 0Opa3oBanuil. MbI BBOJIUM TOJIHOCTHIO ABTOHOMHYIO OCHOBY J1JIsi
UJIEHTUDUKAIMN OIyXOJIM TOJIOBHOTO MO3Ta, YIIPABJISEMYIO MYJIbTHMOATBHON
omnenkoit cummerpuun MPT. TlockobKy KomBeiiep MOTHOCTHIO aBTOMATU3UPOBAH,
OH yCTpaHsIeT HeOOXOIMMOCTb B PYYHOI HACTPOIKE MapaMeTpOB KOHEUHBIM
moJib3oBaTesieM. MeTos yryioBoil JINHAK HCIOJIB3YEeTCsl IeHTPAIU30BAHHO JIJIsT
pacdera MOBOPOTHON OCH CHMMETPHHU, UTO SIBJSETCS HEOOXOMNMBIM YCJIOBHEM
JIJTs OTIEHKU JIBYCTOPOHHUX MODPOJOTHIECKUX TPU3HAKOB.

! World Health Organization® https://www.who.int/
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OCHOBHOI1 BKJIaJl 9TOTO UCCJIEIOBAHUS 3aKJIIOIAETCH B TOM, 9TO OHO
MOTIEPKUBAET IIPOTHOCTUIECKYIO CUIIYy JUCOATAHCA MACChl HAPSIIY C KO-
addurnmenTaMn ACHMMETPUN WHTEHCUBHOCTU, MOy I€HHBIMU U3 JIAHHBIX
MPT, acpdexTuBHO j10Ka3bIBasi, 9YTO 1MepedpaibHasi ACUMMETPHUS sIBJISIETCSI
MOIIHBIM TPU3HAKOM OITyXOJieil ToJI0BHOrO MO3ra. B Konednom urore, sTta
METOIOJIOT U TIO3UIMOHUPYETCH KAK KIM3HECIOCOOHBIH HHCTPYMEHT KOMITHIO-
TEPHOI JUArHOCTUKY JIJIsI OKA3aHUs IIOMOIIU MEIUIIMHCKUM CIIEIIAaJIACTAM.
KiroueBoe HOBOBBeIeHIE 3aKTIOUAETCSI B CO3JIAHUN TTOCIIEIOBATEHLHOTO,
KOMILJIEKCHOTO KOHBeHepa MOIIePKKN IPUHSITUST MEIUITNHCKUX PEIeHnt,
CITeNUaIbHO pa3paboTanHoro i BeiaeaeHnss MPT-cHuMKOB ¢ omyxosssmu.

1. Metoabl n matepuansl

HaGop manubix 6611 niosryuer n3 Kaggle [11] u rutouaer B ce6st MPT-
UCCIIeI0BaHUs TOJOBHOrO Mo3ra, 110 manueHToB (cases), a TaKKe CO3JaHHbIE
BPYYHYIO MACKU CEeIMEHTAIINN aAHOMAJIAM JIjIsi BOCCTAHOBJIEHUS] MHBEPCUN
xuakoctu (FLAIR). B mpezcrasisieMom ucciie0BaHuu GbIIIO MCIIOIB30BAHO
B obmieit ciroxkuoctu 1300 mocienoaresbrocteit cpe3os FLAIR, uz koropbix
845 (65%) 6buIn KiaaccudunIpoBaHbl Kak HOpMaJbHble, a 455 (35%) unenTn-
dunrpoBaHbl KaK cojep:Kariye omyxoan. Kaxaoe n300pakeHne nMeeT pasMmep

256 x 256 x 3.

ITomo6HO aBTOMATHYECKOMY M3BJIEIEHUIO JIMHUNA IIyTH, UCIIOIb3YEMOMY
B A0PTHOM MOJIeJIMPOBaHUH [12], HAIl METO HCIOJIb3YeT ypaBHEHHe HAKJIOHHOM
JIMHUU JIJIsT YCTAHOBJIEHUSI OCH CUMMETPHUHU U U3BJIEYEHUsT MOPMDOMETPUN
uzobpaxkenust. Ocb cuMMeTpun oleHUBaeTcs Ha Bepcuu uzobpaxkenuit FLAIR,
B OTTEHKAX CEPOro C UCIOJb30BaHneM hOPMYJIUPOBKY yIioBoii juaun [10].
IIpeobpazoBanme n306parkeHusi B CEPHIi I[BET OOBITHO COKPAIAET BPEMS
06paboTKu.

Kaxas smmanst mpencraBiser coboit BO3MOXKHOTO KAHIUIATA HA JIMHUIO
cuMmmMerpun. Kak mpaBujio, JIMHUSI CAMMETPUM MO3Ta, PACIIOJIOXKEHa BOJIU3HU
ero 1ieaTpa macc. CraegoBaTesibHO, TMOUCK ITON JIMHUN OBLT OrPAHUYIEH
obJractbio, puierapreii K neatpy [13]. OnrumasnbHast JIUHUST CHMMETPHN
OIIPE/IeJISIETCs IIyTEeM BBIOOPA JIMHUH, KOTOpasl JJEMOHCTPUPYET CAMBIE BBHICOKHE
snavenus unjekca Kakkapa u kocunyca. Cepoe n3006paskeHue moIBepraeTcs
OuMHapU3aIMKU C UCIIOJIB30BaHUEM MeToja Kiacrepusaruu Fuzzy C-Means
(FCM) [14].

FCM —5T0 HEKOHTpO/IMpyeMasi TEXHUKA, KJIACTEPU3AIMH, OOBIYHO HCIIOJIb-
3yeMasi B CErMEHTAINN MEJIUIMHCKIX n300pakenuil. OH MpyHmupyer MOXOoXKue
[MUKCEJIN B KJIACTEPHI HA OCHOBE MX HEYETKUX YJIEHCTB C ITOMOIIBIO IIOIX0/1a
K Kiacrepusamun Fuzzy C-Means [14]. 9ToT urepaTuBHBI aJTOPUTM HAPAEB-
JIEH Ha MUHAMHU3ANUIO QyHKIUK 3aTPaT, KaK onpeeseHo B ypasaenuu (1).
QyHKINS 3aTPAT 3aBUCUT OT PACCTOSIHUSI [TUKCEJIeH OT IEHTPOB KJacTepa.
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(1) J = ZZU'L] ||:E.7 Ul”

J=11i=1
riae N obo3HaTaeT KOJUIECTBO MUKCEeH, ¢ 0003HATAeT KOJUIECTBO KIACTEPOB,
a x; 0003HATACT HHTEHCUBHOCTD j-T'O IIHIKCEJI.

B sT0OM HCCIIe[0BaHII KOJIMYECTBO KIACTEPOB, ¢, YCTAHOB/IEHO HA 3, TJIe U;j
yKa3blBaeT Ha WIEHCTBO &; B {-TO KJIacTepe, v; 0003HAYAEeT LEHTP 4-—TO KJIacTepa,
a M peryJImpyeT He4eTKOCTh, COXPaHA IOCTOSTHHOE 3Hadenne. OyHKIms
YJIEHCTBA U KJIACTEPHBIE EHTPLI OOHOBJISIIOTCS IIPU KAXKJIONH UTEPAIUN C
ucnosb30BaHneM (GOPMyII, IPEJICTABJIEHHBIX B ypaBHeHusX (2) u (3):

(2) Uij = — P
llzj —wil| ) ™

5 — or
N
> uf
(3) v = 1=

- N
m
g Uy

j=1

Merpuka Haiica (Dice) B 9T0M ucciieI0OBAHUN KOJMIECTBEHHO OIPEJIEJISeT
IIPOCTPAHCTBEHHOE COOTBETCTBUE MEK/Iy OJHUM TIOJIYIIApPUEeM MO3Ta U €ro
JIPYTUM 3€PKAJIbHBIM aHaJIoroM. IIpeapiayiue paborsl [15-17]| ykaspiBaior Ha
TO, YTO POCT OIYXOJIM HE TOJIHKO U3MEHSET MECTHBIE MOJICIM HHTEHCUBHOCTH, HO
7 BBI3BIBaE€T aHATOMUYECKOE CMEMIeHNe COCETHUX CTPYKTYD, UTO JleJaeT YMeHb-
MMIEHHOE MEZKITOJIYIIIAPHOE IMEPEKPBITHE 3aMETHBIM MapPKEPOM 3aHUMAIONIErO
mpocTpaHcTBo nopaxkenus. COOTBETCTBEHHO, HU3KOe 3HadYeHne mHekca laiica
OTpaskaeT IIJIOXOe JBYCTOPDOHHEE COOTBETCTBHE U IIPENIOIaraeT MOBBITIEHHYIO
ACHMMETPHIO, B TO BpeMsI KakK 0oJjiee BBICOKNE 3HAYEHUs YKA3bIBAIOT Ha OoJiee
CIJIBHYIO CTPYKTYPHYIO CUMMETPHUIO B aHaju3upyemom oobeme MPT.

k=1

Baxknao ormerurs, uro merpuka /laiica ocHoBaHna Ha (opme, a He Ha
WHTEHCUBHOCTH: OHA OIEHUBAET MOIJEPXKKY JIBOUIHOIO TIEPETHETrO TIIAHA
KaXKJI0ro IMoJjIyInapus 6e3 ydera sipKOCTH IHUKCeJisi. B pe3ysibraTe OH MeHee
YyBCTBUTEJIEH K ITOJISIM CMEIeHNUs], 3aBUCUMBIM OT CKaHepa, HEOIHOPOIHOCTH
OCBEITeHNS U APYyTUM apredaKkTaM, KOTOPble MOI'YT YXY/IIAThH OKA3aTe I,
00yCJIOBJIEHHBIE MHTEHCUBHOCTHIO, U T€HEPUPOBATD JIOYKHBIE CpabATHIBAHUS
[16,17]. 910 nenaer nuaekc Haiica 0COGEHHO TOAXOISAIINM JIJIsT AaHATIM3a
cummerpun B MPT mosra, rjie reomeTprdeckoe BbIpABHUBAHUE FaCTO Oojiee
nHMOPMATHBHO, Y€M BeJIMYnHA HeobpaboTranHOTO curtasia. Koaddurment
Haitcd (Dice) paccunTsiBaeTcss B COOTBETCTBUM CO CJIEYIONIUM yDABHEHIEM:
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) 2|AN B
(4) Dice = ————,
Al + | B
rae A u B 0603HAa9AI0T JBOUYHBIE MACKH, COOTBETCTBYIOIIUE JIEBOMY I10-
JIYIIAPUIO ¥ BEPTUKAJIBHO 3€PKAJBHO OTPAYKEHHOMY IIPABOMY IIOJIYIIAPUIO
COOTBETCTBEHHO. TUCIUTE/Ib U3MEPSAET KOJUIECTBO IIEPEKPHIBAIONINXCS UK~
ceJielt IepeIHero MIaHa, B TO BpeMs KakK 3HAMEHATEIbh HOPMAJIU3YeT 3TO
nepeKpuITue obIell Mo/ IePKKOi IIepeIHero miaa B 00euX MaCKax.
MBI MeHsIEM 3Ty METPHUKY, KOTOpas COOTBETCTBYET HAIIell METPHKE
Accumerpun Jaiica (Dice Asymmetry: DS).

(5) DS =1 — Dice.

Hopmasbable mostytiapust Mo3ra JJeMOHCTPUPYIOT MOYTH HICHTUYIHYIO
Maccy. B 9ToM KOHTeKCTe 9Ta Macca MpeIcTaBIeHa THKCEISIMHA I€PeTHEro TIaHa,
MIPUCYTCTBYIONUMHU Ha JBOMIHOM u300parkenuu. BoimeynomsayTas dopmysia
ACUMMETPHUH MACCHI CJIYKUT JjTst TuddepeHIinain MacChl, 3aHNMAIOIeH
IPOCTPAHCTBO, B 06oux noaymapusx [18]. Muneke nucbananca macesr (Mass
Imbalance: MI) paccanTbiBaeTCs ¢ UCHOIb30BAHUEM:

|A" - B'|
(6) Mi= 2 =20

A+ B

rae A’ u B’ npencraBagior coboii 00ILyI0 MACCy MHTEHCHBHOCTH B JIEBOH MOJIO-
BrHE N300paYKEeHUs U 3ePKAJbHO-OTPAKEHHO TPABOIl TIOJIOBIHE M300paKEeHUsI
coorBercrBenno. Ecin obmas «Maccay (cymMa IHEKcesIeil) MUKceseil [epeHero
IJIAHA B OJJHOM IOJIYIIAPUAN 3HAYUTETHHO IIPEBBIIIACT COOTBETCTBYIOIIYIO CYMMY
B IIPOTUBOIIOJIOXKHOM TIOJIYIIAPUH, OHA HJICHTUMHUIUPYETCsS KAK MOTEHIMAILHOE
[opaXkeHne, a He MPOCTO eCTECTBEHHAsI BAPUAIUsi. JTO Mepa ACHMMETDPUU Ha,
7100 IbHOM yPOBHE.

I'pagnentras acummerpust (GA) dbokycupyercst Ha OnpeiesIeHIN pasInIuii
U OIIEHKE WX PE3KOCTH B PA3JIMYHBIX yIaCTKAX HOJyIIapus. JeTKOCTb CTPYKTY-
DBl XapaKTepHU3yeTcsl MOBBIIMIEHHBIME 3HadeHusIMEU TpajmenTta Cobess. Omyxomm
9aCTO JEMOHCTPUPYIOT HEOMHOPOIHBIE TEKCTYPhI BMECTO MOCTOSIHHOM SIPKOCTH.
Bapuarnuu B rpajimenTax oTpakaioT «KpaiHuii KOHTPACT» TMIEPUHTEHCHBHBIX
obstacTeil, CJIyKaInux IPOrHOCTUYECKUM MapKEPOM JIJIsi MHBA3UU OLYXOJIH 1
nokazarejsiell Bekusaemoctn naruenTos [19]. Konnmuecrsennas onenka GA B
n300paKeHusIX B OTTEHKAX CEPOr0 BLIMOJIHAETCS C UCIOIH30BAHIEM YDABHEHHUSI:

(7) GA = =3 |Gulp) - Gh)|.

e Gr(p) n GfR (p) oboznagaroT BeanuuHy rpajuenta Cobelist Ha THUKCeTe
P B JI€BOIl TIOJIOBUHE M300parkKeHWsI U 3epKAJbLHON MmpaBoil mosiouae. N
[peJICcTaBiIsieT obIee KOJMYECTBO NUKCeJIel B HHTepecyomel 00JacTi, B TO
BpeMsI KaK P YKa3bIBAET Ha MHJIEKC ITHKCEJIEt.
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Pacnpenenenne yposueit marencusnoctu mpu MPT rooBroro mosra moxker
IIPEJIOCTABUTH BaXKHYIO0 MHQOPMAIMIO O MOTEHIINAIBHBIX OIIYXOJIEBBIX 00IACTSX.
V3MmeHeHe MHTEHCUBHOCTH B PA3HBIX 00JIACTAX MO3Ta OOBITHO BBIIE/ISIETCS
13-32 OTEKA, BHI3BAHHOT'O OIIYXOJISIME, OKPYKAIOIIUMU HOPAXKEHHYIO 00J1aCTh.
DTOT OTEK IPOSIBJISETCs] KAK BBICOKHUI YPOBEHb MHTEHCHBHOCTH B MOJAJBHOCTH
FLAIR, gTo mo3BossieT 9eTKO njieHTH(UINPOBATH AaHOMAJIbHBIE O0JIACTH
Ha usobpaxkennsx FLAIR [20]. B sroMm uccieoBaHun 31a aCUMMETPHS
uarencusHocTu (IA) KOJIMUECTBEHHO OLPEIETIAETCS C IIOMOIIBIO:

1 ;
(®) hey 2 1L(p) — TH(p)|.

rae In(p) u I 1]{ (p) 0603HAYIAIOT HHTEHCHBHOCTD ITHKCEJIsI, PACIIOIOKEHHOTO B
[IO3UIIAY P B JIEBOU IIOJIOBUHE M300PaKeHUs U COOTBETCTBYIOIIEN 3ePKAJILHO-
OTPaKeHHOH MIPAaBOi MOJIOBUHE, COOTBETCTBEHHO. DTOT METOJ, IIO3BOJISIET
U3y4aTh HATTEPHBI HHTEHCUBHOCTH MEXK/Iy IOJIVIIAPUSMHE, B JIOMOJHEHNE K
BBISIBJICHIIO CMEIEHHBIX OCOOEHHOCTE! Ha yPOBHE TTUKCEJIEH.

Nupekce crpykrypuoro cxoncrsa (SSIM) — 910 mokazaresb KadecTBa U306-
pazKeHus, KOTOPBIA UCIOIb3YyeTCA NJId KOJUYECTBEHHON OIICHKU CTPYKTYPHON
JlerpaJialiui MexKIy AByMsi n3o0paxerusyvu [21]. B srom uccnenopannu SSIM
PaCCUIUTBIBAETCS MEXK/TY JIEBBIM IMOJIYIIAPUEM U €r0 3€PKAJIHHBIM aHAJIOTOM
IIyTeM Pa3JIOZKEHMsI CXOJICTBA Ha TPHU B3aWMO/IOIOJHSIONINX KOMIIOHEHTA:
SIPKOCTh, KOTOPasi OIICHUBAET PA3JININA B CPEIHEl NHTEHCUBHOCTH; KOHTPACT,
KOTODasl OIEHUBAET JUCIEPCUIO 3HAYEHNN CUTHAJA; U CTPYKTYPa, KOTOpast
OTparkaeT JIOKAJIbHYIO IPOCTPAHCTBEHHYIO OPraHU3aIdIo U COIVIACOBAHHOCTH
TeKkCTyphl. Takoe pasjoxkenue gesaer SSIM 0COOEHHO TMOIXOMAIINM JIJIsT
aHajn3a Ha ocHOoBe cumMmerpun npu MPT rojioBHOro mosra, rje naToJiorus
MOKET IIPOSIBIATHCS He TOJIHKO KaK N3MEHEHIe HHTEHCUBHOCTH, HO U M3MEHEHUSI
B PACIIOJIOZKEHUN TKaHed [22].

Henasuue uccienosanust [23,24] poigesmin SSIM B KauecTBe HaIe2KHOTO
JIECKPUIITOPA JJIsi OIEHKXA TOYHOCTU U JIUATHOCTUIECKON aKTYaJIbHOCTH aBTOMAa-
TU3UPOBAHHBIX PAMOK aHAJIN3a MEJIUINHCKUX n3o0parkenuii. B yactHocTn,
SSIM XOpOITIO TOAXOIUT IS PA3JIAIEHUS MAaCCOBBIX MOPAXKEHUiT, KOTOPBIE B
[IEPBYIO OYEPE/Ib BBHIZBIBAIOT AHATOMUYECKOE CMEIEHNe, U NHPUIBTPATHBHBIX
TOpaKeHNii, KOTOPbIe MOT'YT IPUBECTU K DOJIEe JIOKAJIM30BAHHBIM PAJIIOMET-
PUYECKUM U TEKCTYPHBIM aHoMasusaM. st nHDUIBTPATUBHBIX OILyX0JIeit
Ha uzobpakennsx FLATIR SSIM moxKeT oOHapy>KUBaTh MEJIKO3EPHUCTHIE
CTPYKTYPHBIE BO3MYIIEHUS, KOTOPbIE MOT'YT HE OBITh 3a(DUKCHPOBAHBI TOJIHKO
MeTPUKaMU, OCHOBAHHBIMHU Ha MWHTEHCUBHOCTH. JTO J€JIaeT €ro IeHHbIM
JIOTMIOJTHEHNEM K T€OMETPUIECKNM 1 (DOTOMETPUIECKAM MepaM aCHMMETPUU
[IpU XapaKTePUCTUKe OIyXo/u. B Hacrosimeii pabore SSIM ompeeisiercst Kak

(2ﬂxﬂy + C’l)(Zny + C2)
9 SSIM =




\RUmENE AHAJIM3 CUMMETPUU [1J1S1 BBISABJIEHUS OIYXOJIEN I'OJIOBHOT'O MO3IA 317

rje 1 y 0603HAYAIOT JIEBYIO U IPABYIO 3€PKaJIbHYIO IIOJIOBUHBI U300pa-
JKEHHs COOTBETCTBEHHO. TepMUHEBI Ui, U [ty IPEJICTABIIAIOT CODOI CpeiHue
MHTEHCUBHOCTH T U Y, B TO BPeMs Kak 02 U 05 0003HAYAIOT WX JUCIEPCHUM.
Kosapnamus Mexxay IByMst 00/IacTAMI 3371aeTCs 04y . KorctanTer Ch u Cs
BKJTIOYEHBI JJIsT 0OECIIeYeHNsT YUCACHHON CTaOMILHOCTH U MIPEI0TBPAIICHIST
CUHTYJISPHOCTEN, KOT/Ia JIOKAJbHAS CTATUCTUKA, IIPUOJIMKAETCS K HYJIIO.
Bumecte 3TH TepMuHBI 00€CTIEIMBAIOT HOPMAJIM30BAHHYO OIEHKY CTPYKTYDPHOI'O
COOTBETCTBUSI, KOTOPAsl sIBJISIETC OU€Hb MHMOPMATUBHON JJIst JBYCTOPOHHE
OIIEHKY CHMMETPHUU B MEIUIIMHCKON BU3YaJABAINMN.

Boiee Boicokoe 3nauenne unjekca SSIM ykasbiBaer Ha 60Jiblliee CXOIACTBO
MeXKly cpaBHHBaeMbIMu HoJjIyInapusivu. OgHako jyisi obeciedeHns COrJIacOBaH-
HOCTH C METPUKAMM, OCHOBAHHLIMU Ha Tpsamoii acummerpuu (GA, TA, MI),
MBI UHBEPTUPYEM 3TY METPHUKY, KOTOPasi COOTBETCTBYET HAIlleil MeTpHUKe
CTPYKTypHOit acumMerpun (SA)

(10) SA =1-SSIM.

s KaxK10r0 m300parkeHus cepas M OMHAPU3UPOBAHHAS BEPCUH JEJISATCS
Ha J[B€ TOJIOBUHBI BIIOJIb JIMHUU cuMMeTpun. [loydennbie nzobparkeHust
0003HAYEHB! KaK JIeBas U [IpaBasi, COOTBETCTBYIOIINE JIEBOI U IIPaBOii TOJIO-
BUHKAM COOTBeTCTBeHHO. [IpaBasi 110JI0BUHA 3epKAJIbHO OTParKeHa BIOJIb
BEPTUKAJIBHON OCH M IIOMEYEeHA KaK IePEBEPHYyTas BIPABO. DTOT IIPOIECC
[MO3BOJISIET BHIPABHUBATH MOXOYKUE CTPYKTYPHBIE 00/IACTH MO3ra B OJTHOI
OpUEHTAIUH.

BrocnencrBun paccauThIBAIOTCS PA3IUIHBIE TIOKA3ATEIN MEXKTY JIEBOH 1
IpaBoii MOJOBMHKAME. AcrMMeTprs 00pa3a MO3ra KOJMIECTBEHHO OPEeIeIsieTCs
C TMIOMOMIBIO IISITU JOTOJHUTETHHBIX TOKA3aTeIei:

Acummempusn Hatica (DS),

Hucbanarc maccvr (MI) s GuHAPU3UPOBAHHOIO N300PAKEHUSI;
I'paduenmmnasn acummempus (GA),

Acummempusa unmencusrocmu (IA) n

Cmpyxmypnas acummempus, (SA) g ceporo nzobpazkeHus.

DT moKasaTej M B COBOKYITHOCTH OTPAXKAIOT M€OMETPUIECKUE, TEKCTYPHBIE U
OCHOBAHHbBIE HA WHTEHCUBHOCTHU OTKJIOHEHHUS OT JBYCTOPOHHEI CHMMETPUH.
Ucnonbsys anropurm CatBoost [25], MPT-uz06pakenus 6b1iu Kiaccuuiuupo-
BaHbI KaK OIIYXOJIEBbIe MJIN HOPMAJIbHbIE HA OCHOBE M3BJIEYEHHBIX METPHYECKUX
snadennii. Habop manubix, cocrosimuii u3 1300 MPT-uzobparkennii, 6611
paszesieH Ha MOIMHOXKECTBa OOyJYeHUs] W BaJUIAINNA C UCIOJIb30BAHUEM
CTPaTUQUIMPOBAHHOM BHIOOPKU JIJIsT COXPAHEHUsI IPOITOPIIHOHAIHHOIO PACIPe-
zesierns ciry4daes 1o noamuozkecrsam: 80% manupix (1040) 6pu10 BbIIEIEHO
Juist obyueHusi, B T0 BpeMs Kak ocrasinecst 20% (260) Gbuin 3ape3epBUPOBaHbI
JIJIST TIPOBEPKH.

Jlis OBBINIEHNS HAJIEXKHOCTU MOJIEJN U CMSATYEHIA IPE3MEPHO TOATOHKH
Ha 3Tale oby4deHusl ObLiIa MCIOJIB30BaHa IlepeKpecTHast Basuganus K-fold.
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ITockouibKy HeoOpaboTaHHBIE BBIXOJBI BEPOATHOCTH, renepupyembie CatBoost,
MOT'YyT HE TOYHO OTPaKaTh UCTUHHYIO AllOCTEPUOPHYIO YBEPEHHOCTD, LI
IIOBBIIIEHNsT BEPOATHOCTHON HAJIE2KHOCTHU ObLI BKJIIOYEH ITar KaJnOPOBKH.
Kanubposka curmonza (macmrabuposanue Platt) 6buia npumenena Jist
COTIOCTABJIEHUS ITPOTHO3UPYEMBIX OAJIJIOB ¢ OTKAJIMOPOBAHHBIMU OT[EHKAMU
BeposgTHOCTH. Kpome Toro, ObLI0 yKa3aHO (DUKCUPOBAHHOE CJIydYailHOE ceMst
JJIst 00ecIedeHusi BOCIIPOM3BOIUMOCTH U CTAOUILHOCTU PE3YJIBTaTOB.

JlmarpamMma ajaropurma, MCIOJb3yeMOTO B 9TOM HCCJIEIOBAHNH, TOKA3AHA
Ha pucyHke 1

3arpysuTb
n3obpaxenune FLAIR
cepoLuKanbHoe N 6uHapHoe
n3o6paxeHue g n3o6paxeHune
Mowuck nuHnn N
CUMMETPUM d
¢ \ 4
Pasgenutb
Pasaenntb n3o6paxeHune ¢
n3obpaxeHune ¢ NOMOLLbIO INHUK
NOMOLLIbIO JIMHUKN cuMMeTpun n
CUMMETPUM 1 3epkanbHoe
3epkasibHoe oTO6paXeHne npasoi
0oTOGpaxeHne Npasoii N0/1I0BUHbI
NOM0BUHbI
¢ \ 4
PacuéTt niaexkcos Pacuét nHgekcos Ml
SSIM, GAu IA n DS

I

A 4

CatB;h

Classifier

Ter: Hopma Ter: Pak

Pucynok 1. /Imarpamma aaropurma
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2. Pe3ynbTaThl
[peozkernast METOMOJIOrHsI ObLIA PEATU30BaHA HA U30OPAXKEHUIX MO3Tra

FLAIR, nonydennbix u3 Habopa jganubix. Ha pucynke 2 nokasan mpumep
MCXOJTHOTO M300paKEHMsI, €ro BEPCUU B OTTEHKAX CEpOro W OMHAPHOI Bepcum.

Pucynok 2. Tlouck nmuuuu cummerpuu: (a) MPT FLAIR, (b)
Cepoe nzobpazkenue ¢ juHuel cuMmerpun, (c) Bunaproe u3obpa-

JKeHUue ¢ JUHUuehn CUMMETpUuu
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Onenka 3 eKTHBHOCTH M3ydaJia IyBCTBUTEILHOCTh, TOYHOCTD U CIIEIH-
GbUITHOCTD.

Bruto ormedeHo, uro Merpuka Jucbasnanca maccsl (MI) okazana Gosee
3HAYUTEJILHOE BJIMSIHUAE Ha aJropuTMm Kjiaaccudukarmuu. Ha pucynke 2 mokazano
ucxoznnoe nzobpaxenue FLAIR, koropoe 66110 Ipeobpa3oBaHo B Cepblii BET U
UCIIOJTH30BAHO JIJIsl TIOMCKA HAMJIYYIIel JINHUU CUMMeTPUH. BuHapusnpoBanHoe
u3obpaxkenue 66110 oIy deHO MeTooM FCM u npumenena paHee onpeiesieHHast
JIMHUST CUMMETPUH.

Kraccudukanus 6b11a BBIITOJHEHA HA OCHOBE U3BJIEYEHHBIX (DYHKIHIH C
ucnosibzoBanneM agropurma CatBoost [25]. Kak nmokaszano Ha pucyHke 3,
aHAJIN3 3HAYMMOCTH TIPU3HAKOB ompejenn mucbananc maccol (MI) B kauecTse
HanboJiee BIINATEHHON IIEPEMEHHOI, 38 KOTOPOIl IIOCe10BaIa aCUMMETPHUS
narercusHoctu (IA), B TO BpeMmsi Kak CTpyKTypHast acummerpust (SA)
[IPO/IEMOHCTPUPOBAJIA HAUMEHBITNN BKJIAJ.

DTa 3aKOHOMEPHOCTD YKa3bIBAET HA TO, YTO OCOOEHHOCTH, IIOJIyIE€HHBIE U3
JIBOMYIHBIX MPEJICTABJICHNI, 3aXBATHIBAIOT MEXKIIOIyCchepHbIe pasinaus 6ojee
3¢ deKkTUBHO, YeM TPU3HAK, TOJYIEeHHBII B OTTEHKaxX ceporo. B gacTtHocTH,
aucOaaHC MacChl, pACCUNTAHHBINI HAa OCHOBE OMHAPHBIX W300paKEHUI,
IIPOIEMOHCTPUPOBAJI OOJIBIYIO JUCKPUMUHAIIMOHHYIO MOJIE3HOCTH, IE€M
CTPYKTYpPHasI ACHMMETPHsI, TOJIyIeHHasT U3 N300parKeHuil B OTTEHKaX Ceporo.

CatBoost Feature Importance

Mass Imbalance

Intensity Asymmetry

Dice Asymmetry

Gradient Asymmetry

Structural Asymmetry

Pucynok 3. I'paduk BaxKHOCTH METPUK M300parKeHMit
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3. Obcyxaenuns

IIpeuraraemplit KOHBeliep OOHAPYXKEHUSI Ha OCHOBE OCU CUMMETPHUU
MPOJIEMOHCTPUPOBAJT BBICOKYIO aHATOMUYECKYIO TOYHOCTh B HADOPE JAHHBIX
FLAIR MRI. OrpanugnBast IUHAN KaHIUIATA OKPECTHOCTIME [EHTPA MacC
MO3ra ¥ COBMECTHO OIITUMU3UPYs WHIEKCHI cXOJCcTBa 2aKkkapa u KocuHyca,
AJITOPUTM TIOCJIEIOBATEIBHO UACHTU(MDHUINPOBAJ CTPYKTYPBI CPeiHel JTMHUHU C
TOYHOCTBIO CyOIImKceJiei.

Ora reoMeTpuUUecKas CONIACOBAHHOCTH MOUEPKUBAET HAJEKHOCTH (hOPMY-
JINPOBKU YTJIOBO# JIMHUY IPU 00pabOTKe MeXKCYObeKTHON N3MEHINBOCTH
OpHEHTAIN I'OJIOBBI U JIETKUX MAaTOJOIMYeCKUX CIABUIOB CPEJHEN JIMHUU.
CrabuIbHOCTD BBIYUCJIEHHON OCA CUMMETPUH CJIY2KUT HAJIE€?KHONU OCHOBOM
JIJ1s1 TIOCJIETYIOIIETO JIBYCTOPOHHETO M3BJIEYEHUS IPU3HAKOB, 3D HEKTUBHO
cMsArdas IyM, BbI3BaHHBIN BbIpaBHUBaHUEM, KOTOPBIil 9aCTO CTaBUT MOJ,
yIrpo3y TPaJUIIMOHHBIE IIOAXObI, OCHOBAaHHBIE Ha PErUCTPAIUH.

Ananmus BaxxHOCTH (DYHKIHMI MOKA3as, 9T0 Maccosblii mucbananc (MI) Gbur
HanboJIee PA3IMIUTEIHHBIM IPEICKA3aTeNeM, TOCTATAs TOYHOCTH KJIacCUdUKa-
uu 70% 0pu UCIIOIB30BAHUU B M30JISIUU. DTO COMIACYETCA ¢ KJIMHUIECKAM
HaOJTIO/IEHUEM O TOM, UTO 3aHUMAIOIIUE ITPOCTPAHCTBO MOPAXKEHUS IIPEUMY-
IMECTBEHHO TPOABJISIIOTCS KaK 00beMHbBIE MacCOBBIE 3PPEKTHI, KOTOPbhIE
3 deKkTHBHO 3aXBATHIBAIOTCS MOCIE TOTO, Kak OuHapusarus Ha ocHoBe FCM
M30JIUPYET TKAHBb IIEPETHEro IIaHa OT (DOHOBBIX U HEMO3TOBBIX CTPYKTYP.

Acummerpust nnrencusroctn (IA) crama BropuusbiM (akTOpOM, OTparka-
ormuM cuenududeckyio s FLAIR rurnepuHTeHCUBHOCTD, CBSI3aHHYIO C
IEPUTYMOPAJTBHBIM OTEKOM U WH(MUIBTPATUBHBIMU OIyXoJisiMu. VI HaobopoT,
rpajuenTHag acummerpus (GA) u crpykrypHas acummerpust (SA) mpojgeMon-
cTpupoBasu 00JIee HU3KUM IPOTHOCTUIECKUI BEC, BEPOSATHO, IIOTOMY, 9TO
nocsieoBaresibioctu FLAIR otmaior npemodrenne KOHTPACTy WHTEHCUBHOCTH,
NIOJABJICHHOMY KHJIKOCTBIO, II0 CPABHEHUIO C TOHKOI TEKCTYPHOI MM KPaeBoil
b depeHIuameii.

CHuzKeHre M0JIE3HOCTU METPUK, BBIBEJIEHHBIX U3 OTTEHKOB CEPOIO B 3TOM
KOHTEKCTe, IIPEJIIOJIaraeT, 9To JBOUIHbIE MOpgoMeTpruIecKre (PYHKIIUU MOTYT
OBITH DOJiee HAJICKHBIMU JJIsi CKPUHUHTA OITyXOJIM HA OCHOBE CUMMETPUM B
meronax FLAIR, xors mynbrumozasibhaoe ciusguue (Hanpumep, T1, T2 win
KOHTPACTHBIE II0CJIEJ0BATEIBHOCTH) MOKET BOCCTAHOBUTD JIMATHOCTUIECKYIO

IIEHHOCTDb CTPYKTYPHBIX U I'Da/IMEHTHBIX JIECKPUIITOPOB.
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ITpu unrerpanuu B ancambiab CatBoost nsith nmokasareseii acummerpuun
namm ROC-AUC 89%, a takxke Tounoctsb 80%, dyBcrBuTebHOCTL 88% 1
nokazaresb F1 80%. CatBoost 6b11 HaMepeHHO BBIOpAH 3a €ro yeTORINBOCTD K
reTepPOreHHbIM TAOJIMIHBIM JAHHBIM, aBTOMATAYECKOE YIIPABJIEHIE B3anMOJIEii-
crBUAMU (DYHKIUI U €ro CIIOCOOHOCTD IIPEIOTBPAIIATH [I€PEYCTAHOBKY B
HA0OPBI JJAHHBIX YMEPEHHOI'O pa3Mepa.

B nomnosnenne K ¢BOMM TMPOTHO3HBIM BO3MOYKHOCTSIM, (bpeiiMBOPK MOIIep-
KUBaeT KJIMHAIECKYIO NHTEPIIPETUPYEMOCTD: KaxKIasi aCUMMeTpUIecKast
METPHKa CBA3aHA C KOHKPETHBIM OMO(DU3NIECKUM CBOHCTBOM (0ObEMHBIM
CMeIlleHre U OTKJIOHEHNEM MHTEHCUBHOCTH, KPAEBO KOHTPACTHOCTBIO
CTPYKTYPHOII KOT€PEeHTHOCTIO), UTO II03BOJISIET BpayaM CBSI3BIBATH PE3YJIBTATHI
KJIACCH(PUKAIMA C U3MEPUMBIMU OMOMAPKEPAMU BU3YAJU3AINU. JTOT YPOBEHD
MIPO3PAYHOCTU CMSTYAET 3HAYUTEIHHYIO MPODJIEMY B JUATHOCTUKE C IIOMOIIHIO
HCKYCCTBEHHOT'O MHTEJJIEKTA, KOT/Ia HEIIPO3PATHBIM MOJIEJISM YaCTO HE XBATAET
JefiCTBEHHOTO KJIMHUYIECKOTO OODOCHOBAHUS W OM00PEHUST METUIIMHCKUMU
9KCIIEPTAMHU.

Heckouibko orpannyeHuit 3ac/Iy>KuBaioT BHUMAHUSA:

1. UccaenoBanme 0CHOBAHO MCKJIFOYUTEIFHO Ha OOIIEIOCTYITHOM HAbOpe
nauaabix FLAIR, KoTopblif MOKET HE 0XBATBHIBATH MOJHYIO U3MEHIUBOCTH
kanardeckux mporokoos MPT, pa3usix mpomsBoguTesieit CKAaHEPOB WK
Pa3JIMYHON CHJIBI MATHUTHOIO IIOJIS.

2. Xors nporecc bunapusanuu FCM siBjisiercst BBIYACIUTEIBHO P ]hek-
TUBHBIM, OH IIOJIBEP>KEH HEOITHOPOIHOCTH MHTEHCUBHOCTUA U MOYKET
oTPebOBATh AIAIITUBHON KOPPEKIUA TIOJIs CMEIeHUs] MJIN WHUATTHATIN3a-
U it 6oJiee MUPOKOTO TTPUMEHEHUSI.

3. HEOILyXOJIEBblE COCTOSHUs (TaKie KaK MIIEMUYECKUl WHCYIJIbT, TPABMATU-
YEeCKOe [OBPEXKIeHUE UM BPOXKJICHHBIE ACUMMETDPUH) TaKKe MOT'YT
MEIATh JIBYCTOPOHHEN CUMMETPHUM, YTO MOTEHIIUAJIBHO MOXKET IIPUBECTH
K JIOYKHOTIOJIOZKUTETbHBIM Pe3yJIbTaTaM B (DAKTUIECKUX KJINHUIECKUX
CKPUHUHTAX.

Byuyuue ucciemosanust OyyT MHTErPUPOBATH MYJIBTHMO/IAIbHBIE BXOIHbIE
naraubie MPT u mpoBepsiTh KOHBeiep ¢ IMTOMOIIBIO MHOTOIIEHTPOBBIX KOTOPT.
C TOYKHU 3pEHMsI CUCTEM, JIeTKasl BRIYUCIUTEIbHAS TIOMAIb ITPEIIaraeMoro
KOHBeitepa JeraeT ero maeaabHbIM 11 TepudepuitHoro pasBepThIBAHNISA
B KJIMHUYECKNX YCJIOBUSX C OTPDAHUYIEHHBIMHU pECypCaMU WJIN B KavIeCTBe
KOMITOHEHTa COPTUPOBKU B H0JIee KPYIHBIX PabOINX MPOIECCaX /ISl TPUHSITUS
MEJUIAHCKUAX PEIICHUl.
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B komednoMm cuere, coderasi MaTeMaTHIECKN OOOCHOBAHHBIE METPUKH
CHMMETPUU C UHTEPIPETUPYEMBIM KJIACCH(MUKATOPOM, OBBIIIAIONIAM ['Da/IU-
€HT, 9TO HCCJIeJOBaHUE CIOCOOCTBYET PA3BUTUIO IIPO3PAYHBIX, METO/IOB Ha
TEOPUU CUCTEM IONAEPXKKU IIPUHATULA PELIeHUR 1ad HeHPOOHKOJIOITIECKON
BU3YAJIU3AINH U IOBBIIAET CKOPOCTH 0OPAOOTKY JTaHHBIX.

4. 3aknioueHue

IIpoBenennoe nccseoBanme peJCTaBIsieT cO00f HOIHOCTHIO ABTOMATU3H-
POBAHHYIO, OCHOBY JijisT OOHApY KeHus OIyxoJieii rosjopaoro mosra B MPT
FLAIR myTem KoJmuecTBEHHOM ONEHKH JBYCTOPOHHEH acuvMerpun. Vcmonb3yst
OLTUMHU3UPOBAHHYI0 (DOPMYJIMPOBKY yIJIOBOH JINHUHU, OIPAHUYEHHYIO IIEHTPOM
MacC MO3Ta U MOATBEPKIEHHYIO ¢ IIOMOIIBIO METPHUK cXOoAcTBa 2Kakkapa u
KOCHHYCa, METOJI, HaJIe?KHO JIOKAJIN3yeT aHATOMUYECKYIO CPEJHION JINHUIO Oe3
UTEPATUBHON PErUCTPAIMH UM PyIHON HHUIHATI3AINN.

DTa reoMeTpuYecKasl OCHOBA TTO3BOJISIET CUCTEMATUIECKN U3BJIEKATH
MATh B3aUMOJIOMOTHSIONINX JTECKPUIITOPOB acUMMeTpun, (PUKCUPYsT 00b-
€MHble, THTEHCUBHbIC, I'Pa/IMUEHTHbIE U CTPYKTYPHbIE OTKJIOHEHUA MEXK/1Y
nosrymapusivu. VIHTerparus stux nokazareseit B Kiaaccudukarop CatBoost
obecriednBaeT HAJEKHYIO [MAIHOCTHYECKY10 HpousBogureabrocts (ROC-AUC
89%, rounocts 80%, ayBcrBuTebHOCTL 88%, F1-score 80%), noarsep:k aas, 94To
JIETPAJIAIIST CAMMETPHHU SIBJISIETCS BBICOKOIMCKPUMUHUPYIOIINM OHOMApPKEPOM
JIJIsI TIOPaYKEeHU, 3aHUMAIONIUX TPOCTPAHCTBO.

Kpome Toro, ocHOBHOe KJIMHUYECKOE 3HAYEHUE CTPYKTYPBI 3aKJII09AETCs
B €e BCTPOEHHO!N MHTEPIPETHPYyeMOCTH. B oTiimdne OT Hempo3padHOil IpUpOIbI
MOJIeJIell TIIyOOKOro 00ydeHns, KaxK/1asi BXOJHAsI OCOOEHHOCTh HAIIPAMYIO
CBsI3aHA ¢ U3MEPUMOil 6rodbU3NIECKON XapaKTEPUCTUKON (TaKO! KaK MaccoBOe
CMeIIleHNe, TeTePOreHHOCTh NHTEHCUBHOCTH, KPaeBOil KOHTPACT U CTPYKTypHast
KOIE€PEHTHOCTD). DTOT YPOBEHD IPO3PAYHOCTH [IO3BOJIAET PAIUOJIOTAM U
HEWPOOHKOJIOTaM CBA3bIBATH PE3YJIbTAThl KJIACCHMUKAIINN ¢ KOHKPETHBIMI
MOPGOMETPUIECKUMU BAPUAIIUSME, TEM CAMBIM ITOBBIIIAs KJIUHIIECCKOE
JIOBEpHUE U CIIOCOOCTBYSI MIPUHATHUIO BPAIeOHOTO PEITICHUSI.

C MeTomoIOrnIecKoil TOYKY 3peHusi, OTUMU3NPOBAHHBIN Tn3aiiH KOHBeite-
pa 103BoJIsIeT U30eKaTh HEOOXOIMMOCTH B BBITUCIUTEIHLHO TPEHOBATEIHLHOM
BOKCEJIbHOI CerMeHTAIIUN WUJIN CJI0XKHBIX CBEPTOYHBIX apXUTEKTypax, YTO
3HAYUTEILHO COKPAIIAET BpeMsi 0OpabOTKI JTAHHBIX U 33JIePKKY BBIBOJIA.
Kpome Toro, orcyrcrBue HEOOXOAMMOCTH B PYyYHONU KOPPEKTUPOBKE ITapa-
METPOB, Hapsijiy ¢ jerkum tabjaundabiM dopmarom CatBoost, mozBolisier
MIPOBOJNTH OBICTPHIN CKPUHUHT HA YPOBHE CPe3a, KOTOPbIi MOxKeT 3(DHEKTUBHO
GbYHKIMOHUPOBATH HA CTAHAPTHOM KJINHUYECKOM OOODY/IOBAHUU.
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B komeunoMm cuere, 3Ta cucrema mpeIHA3HAYEHA, IS YLy IIIEHUsT KJIH-
HUYECKUX PabOYnX IIPOIECCOB, a He JJIA 3aMEHbl 3KCIEPTHBIX CYKIEHUIA.
ObecrnieunBasi GbICTPBIE, 00bSICHUMbBIE U MATEMATHYECKH 0OOCHOBAHHBIE OLEHKH,
OH TI03BOJISIET MEeJIUIIMHCKUM PADOHUKAM PACCTABJISITH IPHOPUTETHI B CJIyJastX
BBICOKOI'O PUCKA, YMEHBIIATh JAUATHOCTUYIECKYIO YCTAJOCTh M IPUHUMATE OOjiee
000CHOBaHHBIE, OCHOBAHHDLIE Ha (PAKTUIECKUX JAHHBIX PEITEeHNsI, OCOOCHHO
B YCJIOBHSIX OOJIBIIIOIO 00beMa JaHHUX UJIU OIPAHUYEHHBIX PECYPCOB.

ITocemyromast pabora OyieT coCpeIoTOYeHa Ha PACIINPEHUN OIEHKH C
HUCIIOJIb30BaHIEM 00Jiee KPYITHBIX U PA3HOOOPA3HBIX HAOOPOB JAHHBIX JIJIS
JAJbHERITe MpoBEepKN HAMEKHOCTH W BO3MOXKHOCTH ODODIIEHMST TTOAX0/Ia.
Kpowme Toro, oxkumaeTcs yaydIneHne mpou3BOIUTEIHLHOCTH 32 CUET U3BJICIEHUS
dyHKIIMT He TOJIBKO Ha rJ100aJbHOM YPOBHE M300paskeHusi, HO U Ha bojiee
TOHKHX CyOPErnoHAJBHBIX MacIITabax, ITo MO3BOJIAET 00JIee JIOKATN30BAHHYIO
XapaKTepUCTUKYy omyxoJieii. Biaromaps 6amancy BeIYUCIUTEILHON D deK-
TUBHOCTH, &JTOPUTMUIECKON TTPO3PATHOCTH U KJIMHUIECKOIT TTOJIE3HOCTHI
npejjiaraeMasi CTpyKTypa CIIOCOOCTBYET PA3BUTHIO IMIPAKTHYECKUX CHCTEM
HOAJNEPXKKU IIPUHATUS PEIleHnil [jI HeIPOOHKOJOIMYEeCKOA BU3YaJIU3aIlUN.
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