embeddings and contrastive learning, the convergence of these technologies represents a
significant step towards achieving more natural and expressive synthetic speech.

Diffusion models, such as WaveGrad and DiffWave, have recently emerged as a powerful
approach for high-quality speech generation. These models employ a gradual denoising
process, starting from noise and progressively refining the signal into intelligible speech. This
process involves a learned reverse diffusion mechanism that transforms a Gaussian noise
distribution into a complex speech signal. Transformer-based architectures have significantly
influenced the development of TTS systems, offering substantial improvements over
traditional methods. These models fall into two main categories: autoregressive and non-
autoregressive models, each with unique attributes and applications in speech synthesis.
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The rapid growth of image data globally has amplified the demand for effective image similarity
detection methods, particularly in tasks like image deduplication. This paper introduces a novel
approach using enriched image embeddings derived from combining outputs of intermediate layers of
pre-trained CNNs. The proposed method improves F1 scores across tasks such as near-duplicate
detection, multi-angle view analysis, and schematical layout comparisons. Real-world applications in
the real estate domain demonstrated fewer errors and enhanced performance, offering a promising

direction for addressing complex image comparison challenges.

The proliferation of digital imagery has led to a critical need for precise image similarity
detection, as over 5 billion photos are captured daily worldwide. Existing methods like SIFT,
SURF, and ResNet50 embeddings demonstrate significant limitations, particularly for
nuanced applications such as detecting near-duplicate images, comparing schematical layouts,
or analyzing multi-angle photos. These methods often lack the contextual richness required for

reliable image similarity analysis in real-world scenarios, leading to suboptimal results.
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Our approach leverages enriched image embeddings, which combine low-, mid-, and high-
level features from multiple intermediate layers of a fine-tuned ResNet50 model. By
aggregating outputs from various layers, the proposed method captures a comprehensive
representation of image features, preserving critical contextual details while enhancing the
discriminative power of embeddings. These embeddings are robust to variations such as
brightness, contrast, and noise, making them particularly suitable for tasks requiring high
precision. For comparison tasks, the embeddings can be directly evaluated using cosine

similarity or passed through a multi-layer perceptron (MLP) for task-specific classifications.

The methodology was validated on three distinct datasets provided by LUN.ua, a leading
Ukrainian real estate platform. These datasets include 80,000 pairs of near-duplicate images,
12,500 multi-angle room photos, and 8,800 schematical layouts. Our approach significantly
outperformed state-of-the-art techniques, achieving F1 scores of 0.94 for near-duplicate
detection, 0.87 for multi-angle photo analysis, and 0.79 for schematical layout comparisons.
This represents a substantial reduction in errors compared to traditional methods such as SIFT,

SURF, and DCT hash, with error rates reduced by factors of 3—6 times in most cases.

In addition to its high accuracy, the approach demonstrates scalability for large-scale
applications. Using DCT hash-based pre-filtering enables efficient pre-selection in multi-
million image datasets, reducing computational costs and improving processing speed. These
capabilities make the model particularly valuable for platforms dealing with vast image

collections, such as real estate, e-commerce, and social media.

The practical benefits of this solution are exemplified by its real-world application at LUN.ua.
By integrating this approach, the platform achieved more reliable advertisement deduplication,
leading to an annual revenue increase of over $100,000. The improved image similarity
detection also enhanced user experience by providing more accurate and streamlined search

results.

Future Work: Further research will focus on exploring optimal strategies for selecting and
combining intermediate layers, analyzing the applicability of vectorized embeddings for
image compression, and investigating new tasks such as indoor navigation, stylistic image

recognition, and visual scene understanding.
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This work investigates neural decision trees, a hybrid architecture that connects convolutional neural
networks (CNN) and decision trees (DTs), and the robustness of this architecture to noise in input data.
Experimental validation is performed on the common image classification task on CIFAR-10 dataset.
Natural and images augmented with Gaussian blur are used as test input data, while models are trained
with natural images. For experimental purposes a variety of neural decision tree models are used: Soft
Decision Tree (SDT), Neural Decision Forest (NDF), and Neural Backed Decision Trees (NBDT).
Additionally, we test a naive implementation of CNN features-based decision tree, and a corresponding
ensemble model Random Forest (RF). The results of accuracy drop on noise images of neural decision
trees models are compared with a ResNet18 model baseline metrics.

TexcT momosimi

MamHHe HaBYaHHS BHKOPHUCTOBY€ETHCS B 0araTbox rairy3sx >KUTTS. JlesKi 3 HUX, HalIpHUKIaJI,
Mean4Ha Ta (piHaHCOBA Tay3b BUMATalOTh HE JIUIIC BUCOKOI TOYHOCTI pe3yIIbTATIB, a i CTIMKOCTI Ta
iHTepnperoBaHocTi. CTIHKICTh MOJIEN BU3HAUaE 1 3MaTHICTb MaTH BUCOKI Pe3yJIbTaTH Ha JaHUX, sKi
MAaIOTh BIIMIHHOCTI BiJl THX MAaHHX, HA SKUX 151 MOJIEJ b Oyiia HaTpeHoBaHa. B Toli vac sik
IHTEpIPETOBaHICTh MOJIEI I03BOJISIE KOPUCTYBAdy BiJICIIAKYBATH MPOLEC IPHUUHSATTS pillieHb MOJE
BiJl €Tamy HaJICHJIaHHS 3pa3KiB 10 MOJIEJI 10 OTPUMaHHS (iHAIBLHOTO PE3YNIbTaTy.

Mogeni rnboKuX HEHPOHHUX MEPEX JAOCSIIH BiIMIHHUAX PEe3yJIbTaTiB y 0aratbox cdepax
KHTTSI TAKHX, SIK KOMIT'FOTEpHHH 3ip, 00poOKa MOBJICHHS Ta MOZETIOBaHHS MOBHU. AJle TX OCHOBHUM
HEJIOTIKOM € Opak iHTepIIPEeTOBaHOCI Yepe3 CBOIO apXiTeKTypy YOPHOI CKPHHBKH, 110 Maike
YHEMOXIIMBIIIOE BiTOOPaXEHHsI IIPOLECY MPUIHHSATTS PilICHb MOAEINI, TO3BOJIAI0UN OAUNTH JINIIIE
KiHIIEBUH pe3ynbTatr. Y TOH Yac sIK MOJENI JepeB PillIeHb BiIOMi CBOEIO IHTEPIIPETOBAHICTIO 3aBISIKHI
JIepeBO-TIONIOHIN apXITEKTypi Ta YITKIH i€papXidHil apXiTeKTypi, B AKi YITKO BUIHO PIillIEHHS MOJENTI
Ha KO>KHOMY 3 BY3JIiB JIepeBa, TOYMHAIOYH BiJ KOpeHs. Tako NpHIHATO BBA)XKATH, 1[0 MOAEII AEPEB
pIIIeHs MArOTh BIACTHBOCTI CTIHKOCTI 3aBISKH CBOIH apXiTekTypi [1]. He3paxkaroum Ha Te, 10 AepeBa
pillieHb MalOTh XOPOIIi Pe3y/IbTaTH Ha TAOJMYHHUX JaHUX MaJeHbKOI pO3MIPHOCTI, TOYHICTH iX
nepe0avYeHb Janeka BiJj KOHKYPEHTHOI sl 3aBIaHb KOMIT'FOTEPHOTO 30DY.

[TpoTsirom ocTaHHIX JECSATUIIITH HAYKOBIII JOCIIJDKYBAJIH i1e10 00’ €IHAHHS JIBOX PI3HUX
apXxiTEeKTyp: HEHPOHHUX MEPEX Ta JEPEB PIllIeHb JUIsl TOTO, 00 CTBOPUTH MOJIEb, SIKa BUKOPHCTOBYE
nepeBaru 000X apXiTEKTyp 1 B TOM ke Yac M030yBAEThCS iX OCHOBHHMX HEJOMIKIB. MOXKHA HA3BaTH IIi
JIOCIIJPKEHHST CBOEPITHIM MONIYKOM KOMIIPOMICY MiXK TOYHICTIO 1 IHTepIIpeToBaHicTI0 Mozeti. Moneii,
110 TTOEAHYIOTH B C001 apXiTEeKTypH, MPUHHATO HA3UBATH HEHPOHHUMH AEPEBAMH PillICHb.

CrifikicTh MOZETEH A0 3MiH Y BXITHUX TaHUX € TAKOX BaXKIMBOIO BIACTHBICTIO JJIST MOZACTICH
MamuHHOTO HaBdaHHA. CTIHKICTh HEHPOHHNX MEPEeX 1 IepeB pillleHs OyIia JOCIiKeHa B 0aratbox
HayKoBHX pobOorax. OfHaK, MUTaHHS CTIHKOCTI MOAeneil HSHPOHHMX AEpeB PIllleHb BCE IIIe
3aJIMIIAIOTHCS HEAOCTATHBO BUBUEHOIO, 10 BIJKPUBA€E MOXKIMBOCTI JUIsl O1IbII IITHOOKOTO
TOCHIIDKEHHS.

Jluist ananizy cTiikocTi HEHPOHHHX JepeB pillieHb OYyJIH B3SITI K MOJEI 3 iICHYIOUUMH
peaizanismMu, Tak i BnacHi. sl MOpIBHSHHS CTIHKOCTI 3rOPTKOBUX HEHPOHHUX MEPEX OYJI0 BUPIIICHO
B3SITH MOJICITh 3 apXiTeKTyporo ResNetl8 [2].

Haiimpocrimoro pearnizari€eto 00’ e THaHHS [epeB PillIcHb i HEHPOHHUX MEPEX MOXKHA
BUIIJTUTH BUOKPEMIICHHSI XapaKTEPUCTUK 3 HEHPOHHOI Mepexi 0e3 OCTaHHBOTO JIIHIHHOTO 1Iapy 3
ToTIepeTHhO HATPCHOBAHUMH Baramu. [1iciist 9oro mi XapakTepHCTHKA BUKOPHCTOBYIOTHCS
KiacudikaTopom JepeB pimieHs. B skocTi excriepuMeHTy Oynu B3sTi knacudikatopu Decision Tree Ta
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