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1 HROE=R

Vision Transformers (ViTs) revolutionize medical image
classification with a self-attention mechanism, excelling in
capturing global dependencies. Their scalability and in-
terpretability make them promising tools for improving di-
agnostic accuracy and treatment decisions [a]. This study
customizes ViTs for a cervigram dataset, enhancing their
applicability in cervical cancer screening and early detec-

tion efforts.

2 WEOHEM

In ViTs, position embedding is a crucial component used
to provide spatial information to the model. Unlike convo-
lutional neural networks (CNNs), which capture spatial re-
lationships through convolutional layers, transformers rely
on self-attention mechanisms that do not inherently under-
stand the layout of the input.

The initial position embedding was designed for language
Unlike text
which follows a strict linear order in neatly organized grids,

modeling and focuses on linear sequences.

medical images can exhibit intricate spatial relationships
that encompass not only physical proximity but also se-
mantic context. However, compared to real-life objects,
some may not be as hierarchically organized; e.g. the ir-
regularity of lesions.

Customizing position embedding for a specific task such
as medical imaging may improve performance by tailoring
the spatial understanding of the model.

3 HAROEE

Prior to feeding them into the transformer layers, images
are split into patches and are in the form of token embed-
dings which represent the image features, denoted as X.
The position embedding E,,s, made of learnable parame-

ters, is added to the flattened tokens as shown in Eq. 3.1:

PE(X) = flatten(X) 4+ Epos (3.1)

This allows the model to learn the position embedding
along with other parameters during training. A common
way is to use a sequential embedding where each patch has
its own parameters. However, when the image undergoes
rotation, the correspondence between the input and posi-
tional information is disrupted. As illustrated in Fig. 1,
the associations between tokens and embeddings in the up-
right feature map become invalid for the rotated feature

map.

EH 8 CREBERITZERD

Rotation-Invariant
Position Embedding

[

Sequential
Position Embedding

where each color represents a parameter

“

::H::

L]

1: Comparison of the impact of rotation on sequential

position embedding and our proposed method.

3. 1 Rotation-Invariant Position Embedding

To lessen the disruption from rotation augmentation, we
employ a position embedding method from [b] that is in-
variant to rotation. However, instead of measuring the dis-
tance from the edge, we calculate the Euclidean distance

from the image center, such that

dpg =V (0i — @) + (pj — 4j)? (32)

min{%, dp.q}

2 (3.3)

D;; =

where d,  is the distance of a patch p from the image

center ¢, S is equal to the height or width of feature maps

since they are usually square, and K is a hyperparame-

ter which determines the number of parameters used for
embedding.

The decision to use the distance from the center orig-
inates from the characteristics of the preprocessed cervi-
gram data, which is elaborated in the following section.

3. 2 Implementation

The dataset comprises cervigram images with diverse
scales and orientations. To standardize and minimize noise,
we employed Faster R-CNN [c] to extract the region of in-
terest (ROI). The ROI was circularly cropped to facilitate
augmentation and diminish the noise caused by irregular
borders during rotation, as depicted in Fig. 2.

Following preprocessing, the image is input into
TransFG, the chosen ViT for this experiment. Initially, a
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Original cervigram
with the ROI highlighted

2: Preprocessing steps. Circular cropping ensures that
images maintain consistency regardless of the degree of ro-

tation applied.

Rotation-Invariant Embedding

Sequential Position Embedding (Distance from the Center)

) 02 04 06 o8 10 0o o2 o8 10

Py a6
Cosine Similarity

3: Comparison of cosine similarity score distribution
between sequential and rotation-invariant position embed-

dings for cervigram features.

convolutional layer is applied to generate patch-wise data.
Subsequently, the position embedding is performed by

PE(X) = Xi; + Ep, ,,i/j =0,...,5 — L. (3.4)

Since cervigrams undergo varying degrees of rotation,
utilizing the distance from the center offers a more con-
sistent measure for determining the corresponding embed-
ding.

4 FREAR
To validate the efficacy of the proposed method, it needs

to be assessed in terms of rotation invariance and its per-
formance during training. In this section, we demonstrate
its rotation invariance capability, while performance evalu-
ation during training will be reserved for future work.
The cosine similarity between the features of the original
and augmented cervigrams was utilized to assess rotation
invariance. A higher similarity score indicates that the im-
age features were less altered due to orientation augmenta-
tion. In Fig. 3, we compare the distribution of similarity
scores of 3,000 cervigrams using sequential and rotation-
invariant position embeddings respectively. The results in-
dicate that despite augmentation, images preserve most of

their features with the proposed approach.

Original Rotated Original From the Center From the side

R

4: Comparison of normalized feature distribution be-

tween embedded original and augmented images.

We further compare it with the similarity scores of images
that utilized the minimum distance from the side to deter-
mine embedding parameters. Fig. 4 contrasts the normal-
ized feature distribution of the original image with that of
embedded augmented images. Generally, the distributions
appear similar between approaches, and both resemble the
original, validating the effectiveness in addressing rotation
invariance. However, a slight improvement in the similarity
scores is noticeable with the proposed approach.

Our approach is inspired by existing methodologies, yet
tailored to suit the unique attributes of our dataset. We
must adapt our methods accordingly given that lesions
in our dataset often display irregular shapes. Moreover,
our data lacks a consistent orientation and has been pre-
processed to fit within a circular frame, facilitating aug-
mentation across various rotation angles. Unlike an exist-
ing method that establishes position embeddings based on
proximity to the image’s edges, we opt to measure distances
from the center.
5| Ak
[a] Pu, Q., Xi, Z., et al., ” Advantages of transformer and its

application for medical image segmentation: A survey”,
Biomedical Engineering OnLine, 2024.

[b] Song, C., Mei, S., Ma, M., "RIFormer: “Learning rota-
tion invariant features via transformer”, IEEE Interna-
tional Symposium on Geoscience and Remote Sensing,
2023.

[c] Ren, S., He, K., Girshick, R., Sun, J., "Faster R-CNN:
Towards real-time object detection with region proposal
networks”, IEEE Transactions on Pattern Analysis and
Machine Intelligence, 2017.
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R e OFESEr LT, HEAHERICER T 2HREM A =X L 0@HZ BN L7 — % £ MRI
T — X OfFENTICBE S 258 21T o T\ 5. SHBAETIBIEI PR RG> RO B S 2 TALE VLI ERRK (L
TOEHLAEDIRVIREE) 72 OREZEIE, HER - BAEKREEECHEHTOZIC X 2 FEEEL ZR
L, BHD QOL 2F LK TEE2. LaLl, BRSOV THBEEREEIGER S 2 R A 2 =X 213805
PIZH - TELT, BRUDOZHIPLTIEIVERLHELIN TRV, AR HINE, TEREEEDEHE DOHEE
fii MRI 7 — 2725 CICHRHNDIEEHIR T — R 2 i35 28T, TOXA=XLZEHT 22 THS. 2023
FEOMRE LTI, HESYEERZ S CITRERRZ Eik e UTRRKRZEE AR ARE L 72 E# 500 %0
SHPAET MRI 7 — 272 6 NCHEAONFER T — X 2L L, e 7 — &2ty F2MELL. £, RE
TRZERE(T 279, BEFETRAOCEHRINT 207X 75— a VIZRHYEAR.
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e MIRU2023 V—27 54 735V A{H £8

o %A H (IEEE TNNLS, Pattern Recognition, B FIHHIEBE¥ R GE, AAAL, ECCV, WACV %)
[FAZEZ4E) X ]

HMEEEER

[1] Hideaki Hayashi, A Hybrid of Generative and Discriminative Models Based on the Gaussian-coupled Softmax
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Layer, IEEE Transactions on Neural Networks and Learning Systems, DOIL: 10.1109/TNNLS.2024.3358113,
2024 (early access).

B ER

[1] Masahito Toba, Seiichi Uchida, Hideaki Hayashi, Pseudo-Label Learning with Calibrated Confidence Using
an Energy-Based Model, Proceedings of the IEEE World Congress on Computational Intelligence (WCCI
2024), Yokohama, Japan, June 30-July 5, 2024 (accepted).

[2] Yicheng Deng, Hideaki Hayashi, Hajime Nagahara, Multi-Scale Spatio-Temporal Graph Convolutional Net-
work for Facial Expression Spotting, Proceedings of the International Conference on Automatic Face and
Gesture Recognition (FG 2024), Istanbul, Turkey, May 27-31, 2024 (accepted).

[3] Ryosuke Kawamura, Hideaki Hayashi, Noriko Takemura, Hajime Nagahara, MIDAS: Mixing Ambiguous
Data with Soft Labels for Dynamic Facial Expression Recognition, Proceedings of the Winter Conference on
Applications of Computer Vision (WACV 2024), Hawaii, USA, January 4-8, 2024.

[4] Naoya Yasukochi, Hideaki Hayashi, Daichi Haraguchi, Seiichi Uchida, Analyzing Font Style Usage and Con-
textual Factors in Real Images, Proceedings of the International Conference on Document Analysis and
Recognition (ICDAR 2023), San Jose, USA, August 21-26, 2023.

ERFEEXR

(1] EREERE, KIFBA, MRl 2, —Eat, BB hEKK, RE— KFEEREE 7T & 2 HARGERIE T 01t
RERT, IFERILIE 2R 86 [M2EK=, pp.859-860, March 15-17, 2024.

(2] SRR, ILNTERE, BRI 2, —E5, RSN, hEEK, RE—, &2 FoEEERZ AW RIE 0, N TAIRE
22 38 HI2E KSR, 3Xin2-104, May 28-31, 2024.

(3] ITREERR, SPEIATE, #R)INRE, S8 COMUE, ERE S, e, REEH, hEKKR, RE—. 7¥ X MESick2H
AFBERIE T OMERESE . N THIREE S 38 M2E A%, 4Xin2-12, May 28-31, 2024.

[4] FEiGE—, NHEH—, HPEA, BEEH, 70 %2 7 I X 2 PREREE OHEE, BR - HRERFRIMNER
HE K, 05-2A-01, September 7-8, 2023.

[5] BPIEL, NHHE—, BEEM, Energy-based model % W7 FEERIE & 5 7 NV FEEADISH, H{ROFZH -
Hifgs >R Y 4, 181-30, July 25-28, 2023.
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o RSB AR EBERY: N MR 3 2RICH T 2 MHEEZERZEE
o RIEAAFRY WRMHEFELZEREA

o HARZ—FE V74 ERIFEMILHEER RS ERERERLh S RRZHEEE
o EEKFERZTIIFSHRMBOEIE RS Gene Drive 7 —% ¥ 7' 7V —7%H
o KRR A 72 —X WMEMEEEZERER

o RIRARFEZZHI R AREARER

o HFIKZFEREMMERT NAANT T « D% Y 7 RALFY —R—- FEH

o /

(FARFRU X L]

i
EI

Aibam 3

[1] Shinichi Namba, Masato Akiyama, Haruka Hamanoue, Kazuto Kato, Minae Kawashima, Itaru Kushima,
Masahiro Nakatochi, Soichi Ogishima, Kyuto Sonehara, Ken Suzuki, Atsushi Takata, Gen Tamiya, Chizu
Tanikawa, Kenichi Yamamoto, Natsuko Yamamoto, and Yukinori Okada ”Technical and ethical challenges in

polygenic embryo selection” Nature Human Behaviour (Under revision)

[1] iARET TNOZHFIFE IS 28T - 7/ L02E0iE R &+ 2 F3RIC S 2 fMBIATERE) H A RITE
=

FE 38 AR S, 2024 E 1 A 27 H () FUEBKERAKREE (BRI

ZDfth

[1] ERERERS I ARRRSH 7/ b 0D 2BEREMNRY —F v 77V —T7 [TAHOEEL LTOE 7/
-DNA O H-HICBZ 55 7 2oRK) (a7 4) 20244 A 25 H
https://medical-mirai.com /wp-content /uploads/c15bbc3447ed9074b54cea84118ch3el.pdf
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FMAEBIREREFY HEBR (F¥)  Noa Garcia

(BRZEEEN]

e Fairness in Computer Vision
This research studies societal bias in computer vision tasks. The projects involved in this research are
primarily focused on analyzing, detecting, quantifying, and mitigating social biases such as gender bias,
skin-tone bias, or ethnicity bias in computer vision models and image datasets.

e Language and Vision
This research studies techniques to understand the content of images and videos and perform human-like
reasoning. The projects involved in this research are primarily focused on understanding on how external
knowledge can be leverage to improve language and vision representations.

e Automatic Art Analysis
This research is focused on applying computer vision techniques to extract high-level information from art.
With this research, we study how to detect key attributes from paintings, such as the author, its year of

creation, etc., as well as how to discover new attributes from studying each artwork style.
(S EBEAREEFRR]

o FY2022-2025, JSPS KAKEN 5% (C), “Societal biases in vision and language applications”, Principal
Investigator
e FY2023-2028, JSPS KAKEN #A6f%% (A), “Bias Mitigation for Deep Neural Networks by Concept-based

Image Descriptors” Co-Investigator
(€ E=3=19)

e Co-organizer The 3rd International Workshop on Multimodal Human Understanding for the Web and
Social Media at CIKM 2023.
e Conference Reviewer: CVPR 2023.

[1] Tong Xiang, Liangzhi Li, Wangyue Li, Mingbai Bai, Lu Wei, Bowen Wang, Noa Garcia. CARE-MI: Chinese
Benchmark for Misinformation Evaluation in Maternity and Infant Care. In: Thirty-seventh Conference on
Neural Information Processing Systems Datasets and Benchmarks Track (NeurIPS), New Orleans, US, 2023.
[CORE A*][32.7% acceptance rate]

[2] Yankun Wu, Yuta Nakashima, Noa Garcia. Not Only Generative Art: Stable Diffusion for Content-Style
Disentanglement in Art Analysis. In: ACM International Conference on Multimedia Retrieval (ICMR),
Thessaloniki, Greece, 2023. [CORE B][32.6% acceptance rate]

[3] Noa Garcia, Yusuke Hirota, Yankun Wu, Yuta Nakashima. Uncurated Image-Text Datasets: Shedding Light
on Demographic Bias. In: IEEE/CVF Conference on Computer Vision and Pattern Recognition (CVPR),
Vancouver, Canada, 2023. [CORE A*] [Highlight, 2.5% of submissions]

[4] Yusuke Hirota, Yuta Nakashima, Noa Garcia. Model-Agnostic Gender Debiased Image Captioning. In:
IEEE/CVF Conference on Computer Vision and Pattern Recognition (CVPR), Vancouver, Canada, 2023.
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[CORE A*][25.78% acceptance rate]

ZOft

[1] Invited talk at Rethinking the ethics of AI symposium. Text-to-Image Models in Art and Society. November 2023,
Doshisha University.
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HMeeBiEBEM $HEMAFEE (EfE)  Sudhakar Kumawat

(BRZEEEN]

e Privacy-preserving DVS sensor-based camera for human action recognition
This project aims to develop a privacy-preserving camera system for human action recognition. For this,
we aim to explore the DVS sensors (event cameras) along with coded apertures for this task. DVS sensors
have various advantages over traditional cameras, making them suitable for action recognition and privacy
preservation. Our aim in this project is to learn and design coded aperture for event cameras using a
learning-based framework.

e Domain Generalization frameworks for road scene segmentation in unseen environments
The objective of this research is to develop environment-adaptive methods for the task of road scene
segmentation. I am currently developing training frameworks for semantic segmentation models so that
they can be generalized to unseen lighting and weather conditions that are not seen during the training
phase. This project’s success will help develop cost-effective road scene segmentation models that are

robust, reliable, and precise in unknown environments.
(5% - ERHEITOS T K]
e Privacy Preserving Encoders for Action Recognition
(A ERERFEEE TN

e FY: 2022-2024, Grant name: , “Domain Adaptation Frameworks for Road Scene Segmentation in Unseen

Environments”, Role: Principal Investigator
(BEES]

e Guided a Masters course student in developing framework for fusing hardware modalities for the task of
image segmentation using deep learning.

e Guided an intern student in reconstructing a 3D volume of cells from microscopic images.
(#H=E#]

e Conference reviewer: CVPR 2024, ECCV 2024.
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2024-2025 FEFE, B2 R BB RS & TFi%E, “Explainable Medical Image Reports Generation Via Visual
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[1] Bowen Wang, Jiaxin Zhang, Ran Zhang, Yunqin Li, Liangzhi Li, Yuta Nakashima, “Improving facade parsing
with vision transformers and line integration”, Advanced Engineering Informatics, 2024.

[2] Yasutaka Okita, Toru Hirano, Bowen Wang, Yuta Nakashima, Saki Minoda, Hajime Nagahara, Atsushi
Kumanogoh, “Automatic evaluation of atlantoaxial subluxation in rheumatoid arthritis by a deep learning
model”, BMC Arthritis Research & Therapy, 2023.

[3] Bowen Wang, Liangzhi Li, Yuta Nakashima, Ryo Kawasaki, Hajime Nagahara, “Real-time estimation of the
remaining surgery duration for cataract surgery using deep convolutional neural networks and long short-term

memory”, BMC Medical Informatics and Decision Making, 2023.

[1] Tong Xiang, Liangzhi Li, Wangyue Li, Mingbai Bai, Lu Wei, Bowen Wang, Noa Garcia, “CARE-MI: chinese
benchmark for misinformation evaluation in maternity and infant care”, Advances in Neural Information
Processing Systems, 2024.

[2] Jiahao Zhang, Bowen Wang, Liangzhi Li, Yuta Nakashima, Hajime Nagahara, “Instruct me more! random
prompting for visual in-context learning”, Proceedings of the IEEE/CVF Winter Conference on Applications
of Computer Vision, 2024.

[3] Bowen Wang, Liangzhi Li, Yuta Nakashima, Hajime Nagahara, “Learning bottleneck concepts in image
classification”, Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition,
2023.

[4] Guoxin Chen, Yiming Qian, Bowen Wang, Liangzhi Li, “MPrompt: Exploring Multi-level Prompt Tuning
for Machine Reading Comprehension”, Findings of the Association for Computational Linguistics: EMNLP,
2023.

[6] Junyi Liu, Liangzhi Li, Tong Xiang, Bowen Wang, Yiming Qian, “TCRA-LLM: token compression retrieval
augmented large language model for inference cost reduction”, Findings of the Association for Computational
Linguistics: EMNLP, 2023.

[6] Jiaxin Shen, Xiaoyi Tao, Liangzhi Li, Zhiyang Li, Bowen Wang, “Explaining Federated Learning Through
Concepts in Image Classification”, International Conference on Algorithms and Architectures for Parallel
Processing, 2023.

[7] Jiaxin Shen, Xiaoyi Tao, Liangzhi Li, Zhiyang Li, Bowen Wang, “Explaining Federated Learning Through
Concepts in Image Classification”, International Conference on Algorithms and Architectures for Parallel

Processing, 2023.
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(3] FEIEK, “Vision and Language DI & NA 7 2,7 55 22 [MEHREIERT 7 + —F L, Sep. 2023 (invited).

[4] Bowen Wang, Liangzhi Li, Yuta Nakashima, and Hajime Nagahara, “Learning bottleneck concepts in image
classification,” £ 26 [EIE{RDOF - BfES > RKI v 4, Jul. 2023.

[5] Mayu Otani, Riku Togashi, Yu Sawai, Ryosuke Ishigami, Yuta Nakashima, Esa Rahtu, Janne Heikkild, and
Shin’ ichi Satoh, “Toward verifiable and reproducible human evaluation for text-to-image generation,” % 26
[EIHEGDEE - HES > HRPY 4, Jul. 2023 (invited).

[6] Yuta Nakashima, “Concept discovery from an image dataset: Toward image representation with an emergent
language,” Seventh International Workshop on Symbolic-Neural Learning, Jun. 2023 (invited).

[7] MUYRIERRX 74 7R 2022 FERZ N7 —T 4 ZVE, 2023 £ 5 H.

8] EFHEREEESE HlR - ATV A7 15w CE, 2023 F 7 A.

9] ERERERPIELRRKRZHE 7/ 20D LBZREMAY —F 7oV —F ITNEHOEEL LTDE M7/
20 -DNA OH-ICB IS5 7 20HKK) (25 4) 202444 H 25 H

[10] Invited talk at Rethinking the ethics of AT symposium. Text-to-Image Models in Art and Society. November
2023, Doshisha University.

[11] HiF, “RIERBERFE OEBNCMIT 72 AloT 2 & % Ecological Well-Being ®A[#{L”, %8 1 B WELL-BEING
TECHNOLOGY, 7—XER.

[12] “BR. & b - BP0 EIEIEE ARIEHR, HAI D 7, HAREEHH, 2024/2/13.

[13] Best Poster Presentation Award. The 21th meeting of the Asian Academy of Orofacial Pain and Temporo-
mandibular Disorders . Emi Ono, Ryota Takaoka, et al.

[14] 25 66 B H ARBEREMHS R Fenlaiie o) AR EMEIC X 2 B ~ Bizo DRty ~

(15] % 52 [A] HAB A RPEAEMT RS BEME D) BRELE G AT I BT 2 AT

[16] Ayaka Mae, Shigeto Seno, Hironori Shigeta, Yu-Chen Liu, Sangeun Kim, Daisuke Okuzaki, Ryoichi Mori,
Hideo Matsuda, CBI %25 2023 f£ K% Best Poster Award, “A Graph Based Method of Pattern Mining for
Spatial Transcriptome Data”, 2023

(17) B KA, “& > TV URITICEE S 2 5iaiE”, THS 4 794 =0 AE0h#E &, 2023

(18] A &, “RIRRF27 7 7>V 7 4 BT HB T 2 HIET — &l - BREBOME L FOREREEH A Yy b7 —
I ANDRER”, 8 1 BHLPEHX 227 — 2 B lit I F—~a7 7 > 2V T 4@ EN LIRS — X T a > AT AR
ZHIEL T~ (fAfrRE), 2024 42 A 20 H

[19] &4 &, “HRAFICL o TRICEDMAT — XA I XY VAT LEERS  EBRRWAKEE (a7 77>V
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T 4) OG0 S”, B-MEMREGEt R T — 2 o RS FBRIG T ET RR I E & (1RRR#RE), 2024 4 H 17 H

[20] Xun Shen, Satoshi Ito, Chance constrained probability measure optimization: problem formulation, reduc-
tion and sample-based approximation, The 7th ZIB-IMI-ISM-NUS-RKEN-MODAL Workshop on Future
Algorithms and Applications, Sep 28, 2023

[21] Best Student Award, S. Taniguchi et al., “Three-dimensional tomographic analysis of AlGaN-based UV-B
wavelength laser diodes” The 14th International Conference on Nitride Semiconductors (ICNS-14).

[22] Best Student Award, Z. Wu et al., “Machine Learning Assisting NanoXRD Based Analysis on HVPE GaN
Structure” The 14th International Conference on Nitride Semiconductors (ICNS-14).
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