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1. Research Field and keywords

Research Field : Al, Emotional Al, Deep Learning, Natural Language Processing, meta-heuristic
algorithms

Keywords: Affective Computing, Convolutional networks, GPU computing, autonomous driving,

drones, digital art and music

2. Research themes
(A) Application of Deep Learning techniques to solve problems of the type:
Indoor delivery robot
Drone flying
Image recognition
Business applications
(B) Affective Computing
Al companion to university students
Career guidance to university students
(C) Meta-heuristic algorithms
Design of complex hybrid meta-heuristic algorithms

Large-scale benchmark testing

(A) Deep Learning
Applications of machine learning algorithms to image recognition involves very intense

computation. Even high-spec multi-core desktop CPUs like intel i7, i9 need several days to compute
modest size models. To overcome the CPU limitations, recently Al researchers have moved on to the
use of Graphic Board Units (GPUs) for performing image recognition computations. Hundreds of cores
on the GPU working in parallel greatly reduces the computational time. I purchased a couple of Nvidia
RTX3090 and RTX A6000 GPUs to deepen the research on lane detection, obstacle detection, and
pedestrian detection in autonomous driving.

This year we further extended our autonomous driving Deep Learning models to include the
following:

1) Design of an autonomous vehicle for goods delivery on campus. The vehicles maps its

surrounding using the SLAM technology and charts a navigation route from the start to the
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(i)

goal. As the self-driving vehicle navigates towards the goal, it may have to evade many
obstacles and pedestrians. The deep learning programs in the vehicle are trained to recognize
static and dynamic obstacles. It steers clear of the obstacles. It can navigate towards the
nearest elevator, press the elevator button indicating the floor it wants to get to and then enter

the elevator if there is enough space.

Training a drone to avoid obstacles in flight and undertake some useful tasks. One of the tasks
we trained the drone to perform is to detect solid waste scattered in public places. The drone
takes a video of the ground from on top. The video is split into several still frames and each
frame is analyzed to see if objects are cluttered haphazardly, which implies some kind of
rubbish or waste. We created two large datasets in the 3D UNITY gaming software, one with
objects cluttered and the other with objects arranged neatly. The drone was then trained in the
simulation environment to distinguish between the two scenarios. Another related research

topic was to learn to estimate the distance of the objects just by using their RGB color spectra.

(B) Affective computing

©

Affective computing deals with developing Al programs that can infer human emotions from

various sources. Six undergrad students worked on this project to develop and “Al companion”

to counsel and guide university students. The programs were trained to obtain emotional states

of humans from multi-modal sources like text, speech, facial expressions, ECG signal, etc.

(a) Counselling companion: This Al program is trained on large amounts of counselling data.
The focus is to pay attention to the emotional state of the students before giving advice
on day-day problems.

(b) Career counselling companion: This Al program takes into account the aptitude,
orientation, likes and dislikes and curriculum of students in advising the student to choose

a career path that befits the student.

Evolutionary Algorithms

Engineering and business application problems involve many variables. Optimizing these kinds of

systems involving a very large number of variables leads to a combinatorial explosion that cannot be

solved by conventional computational methods. Evolutionary algorithms are designed to solve these

types of combinatorial optimization problems in a reasonable amount of time. This method is an

approximate, but intuitive approach based on making a computational model of the evolutionary

processes that are found in nature. Evolution is a random process with starts with a limited set of objects,

subjects them to evolutionary process which in the long-run results in the suppression of the defective

objects and the emergence of better-fit or optimal objects.
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Evolutionary Algorithms work on a similar principle. They start with a small number of random
solutions to a given problem and apply evolutionary operators to these solutions. After many repeated
runs (called generations), the inferior solutions are eliminated or replaced and only the superior solutions
with respect to the numerical value of an objective function are allowed to evolve.

One of the major drawbacks of meta-heuristic search algorithms is that they are prone to get trapped
in local optima. Several research studies have designed novel ways to shake the algorithms out of the
local optima. Our research looked in the direction of designing hybrid algorithms to overcome the local
optima problem. We proposed a framework that combines a set of diverse meta-heuristic algorithms to
tackle a given optimization problem. The test results on relatively large benchmarks were very

encouraging. The future direction of our research is to make the framework comprehensive and robust.

3. Research presentation and publications in 2025

(A) Referred Journal papers
1. Phuntsho, T., & Gonsalves, T. (2025). Selecting hybrids of metaheuristics for resource-constraint
project scheduling problems with discounted cashflows. Connection Science, 37(1).
https://doi.org/10.1080/09540091.2024.2447365
2. Meng, D., Wang, Z., Yan, W., Phuntsho, T., & Gonsalves, T. (2025). Style Mamba-transformer: A
hybrid Mamba-transformer unsupervised framework for text style transfer. Knowledge-Based Systems,
114270. https://doi.org/10.1016/j.knosys.2025.114270.
3. Meng, D., Wang, Z., Phuntsho, T., & Gonsalves, T. (2025). TriPlaNet: Enhancing
machine-paraphrasing plagiarism detection through triplet network and contrastive learning. Egyptian
Informatics Journal, 31, 100752. https://doi.org/10.1016/1.€1].2025.100752
4. Wangchuk, T. & Gonsalves, T. “Multimodal Phishing Detection on Social Networking Sites: A
Systematic ~ Review,” IEEE  Access, vol. 13, pp. 103405-103416, 2025, doi:
10.1109/ACCESS.2025.3579584
5. Yang, Z., & Gonsalves, T. (2025). SegmentedCrossformer—A Novel and Enhanced Cross-Time and

Cross-Dimensional Transformer for Multivariate Time Series Forecasting. Forecasting, 7(3), 41.

6. Yang, Z., & Gonsalves, T. (2016). Flexible Transformer: A Simple Novel Transformer-based Network
for Image Classification in Variant Input Image Sizes. Advances in Artificial Intelligence and Machine
Learning. 2025; 5 (1): 185. In Conference on Computer Vision and Pattern Recognition (CVPR). USA
(Vol. 770, p. 778).

(B) Referred Conference papers

[1] Mukulu, J. F. (2025), Gonsalves, T.. Al Ethics: Towards Ethics-Aware Machine Learning Workflow
— Innovating Al Workflow with Ethics. Al & Society International Conference on Artificial Intelligence
and Society, Arrupe Jesuit University, Harare, Zimbabwe, pp. 14-20

[2]. Mukulu, J. F. (2025). Metrics Visualization: GDP per Capita Constant 2015 (1990-2022). Google
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https://doi.org/10.1016/j.eij.2025.100752

Colaboratory Notebook. Available:Google Colab:
https://colab.research.google.com/drive/1 PAFVFQLhHO127rO14UNP53g51McV10j_#scrollTo=JcRS5
_x3ALDV.

* This conference paper is selected to be a future book chapter as:

Mukulu, J. F., Al Ethics: Towards Ethics Aware Machine Learning Workflow - Innovating Al workflow
with Ethics. Isaac Mutelo, Srecko Koralija, and Prince Ncube (eds.), “Thomas Aquinas in the
Contemporary.” ATF Press Publishing Group, Australia, 2025.

[3] Mukulu, J. F., & Gonsalves, T. (2025, September). Ethical oversight in educational Al: From ethics
as externality to internal Al design. In Proceedings of the 2025 International Workshop on Al and
Education (WAIE), Yokohama, Japan. IEEE. eCF Paper ID: 969003.
https://drive.google.com/file/d/1-E205XV-PS5NDJJvIeESzhmppNX7yjSG/view?usp=sharing.

[4] Mukulu, J. F. (2025). Ethical Explainability in Al Ethics: The Relevance of Thomas Aquinas’ Virtue
and Deontological Ethics in the Age of Machine Learning. Dominican Symposium, Pietermaritzburg,
South Africa, July 8-10, 2025.

https://drive.google.com/file/d/1Tuwlyze3 XKw3RicRuQmPiL48nGaE3ulc/view?usp=sharing

[5] Wangchuk, T. & Gonsalves, T. “Comparative Analysis of Tokenization Algorithms for LowResource
Language Dzongkha”. International Conference on Artificial Intelligence and Data

Analytics for Business, Gedu, Bhutan, 2025, doi: https://arxiv.org/abs/2509.15255

[6] Tto, T., & Gonsalves, T. (2025, July). Robust Cross-Corpus Speech Emotion Recognition without
Emotion Labels in Pretraining. In 2025 International Conference on Advanced Machine Learning and
Data Science (AMLDS) (pp. 612-616). IEEE.

[7] Zhang, Y., & Gonsalves, T. (2025, September). Robotic Arm Control System based on ROS and
Movelt: A Practical Educational Approach. In 2025 International Workshop on Artificial Intelligence
and Education (WAIE) (pp. 207-211). IEEE.

(C) Invited talks and workshops

1. Tad Gonsalves, Instilling an internal value-system in Al, Artificial Intelligence: How to Cope With
the Ethical and Spiritual Values Involved in It, in the Light of the Messages of Swami Vivekananda.
Indian Embassy, Tokyo.

2. Tad Gonsalves, “Responsible AI”, Faculty Development Workshop, Xavier Institute of Engineering,
Mahim, Mumbai, July 7, 2025.

3. AP ANRL y K TALfE & RDORME] AU F 27 V7 ThER HIid, 2025 4 7 J
12 H

4. Tad Gonsalves, Developing responsible and conscientious Al, 13th International Conference on

Awareness Science & Technology, Yogyakarta, Nov. 19-21, 2025
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(D) STEC visiting researcher

KUNJITHAPATHAM Kalaiselvi, Associate Professor, Kristu Jayanti university, Bangalore India
from April 4 to July 2, 2026.

Research theme: Interactive and Adaptive NLP Systems for Mental and Physical Healthcare: Integrating

Long-term Memory and Personalized Conversational Agents.

4. Collaborative Research
(A) Sophia University
I have been working with Natural Language Processing (NLP) projects in English and Japanese.
In 2020, I extended my NLP research to the Spanish language along with the two staff members of the
Spanish departments. Our work is mainly in computational linguistics and creating teaching materials
for students, using advanced Al techniques. Although the research work was largely hampered by
COVID-19 pandemic, the project was successfully completed at the end of the academic year 2024.
(B) International
2. Collaborative Research on Al
Institution: Xavier Institute of Engineering, Mumbai
Time: August 1, 2025 to September 9, 2025.
List of activities:
*Keynote lecture on “The future of Higher Education with the Al Challenge”
* Research on "Gait Analysis in Health-Care"
* Discussions related to "Generative Artificial Intelligence"

* Developing a Python programming course for first-year undergraduate students

5. Educational responsibilities

*Curriculum committee member of the new DGTech Department

Regular Courses Taught in Japanese

Simulation Engineering, Information Technology Tutorial I (Coordinator: Java Programming),

Information Technology Tutorial II (Coordinator: Python Programming), under-grad thesis guidance.

Regular Courses Taught in English (Green Science & Engineering curriculum, Data Science

curriculum)

Simulation Engineering, Fundamentals of Al, PhD supervision

Grad courses taught:
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Artificial Intelligence, Information Science Seminar, Informatics Exercises, Al for business

Optimization.

Under-grad thesis directed:

1. YuMizuuchi, “Quantitative Evaluation of Emotion Label Granularity in Empathetic Dialogue
Models”

2. Sota Kawasaki, “Optimization of Memory Storage and Retrieval in Long-Term Counseling
Dialogues”

3. Kohei Yamamura, “Construction and Analysis of a Counseling Strategy Prediction Model in
the Empathetic Dialogue Corpus ESConv”

4. Hinato Iso, “Evaluating the Effectiveness of a Topic-Specialized Counseling Chatbot:
Comparison with a General-Purpose Model and Evaluation by University Students”

5. Peng Xiaole, “Automatic Structuring of Student Profiles and Career Matching Using Large
Language Models”

6. Chuya Tanaka, “Verification of the Robustness of Dual-Process Masking under Extremely

Low-Data Conditions in Dialogue Act Recognition”

Master’s thesis directed:

1. Zhang Yifan, Control and Implementation of Robotic Arm based on ROS and Movelt, Master’s
Thesis in Green Science and Engineering.

2. John Francis Mukulu, An Ethics-by-Design Machine Learning Workflow: Case-study on OULAD
Academic-Risk Prediction, Master’s Thesis in Green Science and Engineering.
Xugian Zhang, Super-Resolution Study of Noisy Face Images based on Diffusion Models

4. Peiqin Xue, Automated Elevator Button Operation via YOLO-Based Detection and Robotic Arm
Control

5. HU QINGLIN, Seeking better classifier scale for Guided Diffusion based image generation model

6. Arata Taketaka, Proposal and Implementation of a Goal Position Selection Method for Autonomous
Delivery Robots in Crowded Elevator Environments

7. Ryoku Amaguchi, Pedestrian Emergence Prediction at Corners based on Human Anticipatory
Attention with Real-Time Edge Al

8. Gen Kasahara, Discrimination of Dengue Fever Patients Using Medical Records

9. Reo Nishimura, Multistage Blood Glucose Prediction for Diabetic Patients Using Lifestyle Data

and Counterfactual Behavioral Optimization

PhD thesis directed:

Zijiang Yang, Image Classification and Multivariate Time Series Forecasting with
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Transformer-based Methods

6. Self-evaluation of educational activities

In all my lectures and seminars, I have adopted the “learning by doing” approach. Quite a few of
the classes are held in the computer rooms. The students get hands-on experience in doing things and
then learning from their experience. I am also using MOODLE effectively so that the students can login
and continue their study from remote locations. Apart from the lessons, extra reading material, exercises
and drills are also uploaded on the MOODLE site.

Another approach I have adopted is to teach English indirectly to the Faculty of Science &
Technology students. Some of the coursework slides are only in Japanese, some only in English and
some bi-lingual. This approach exposes the students to terminology and contents in both the languages.
Nowadays, most of the students are addicted to their cell phones and getting their attention in class is

increasingly becoming difficult. I enforce a zero-tolerance policy to the use of cell phones in class.

7. Activities other than educational research

I believe computer skills are necessary not only for science students, but the arts students as well.
In my Computer Literacy and other classes, I encourage the students to pick up as many skills as possible,
including programming. I invite interested students in the arts faculty to come to our lab for to learn

some basic programming. They find the programming skills essential for job hunting.

Open Campus Lecture: Tad Gonsalves, “What can Al do and what it cannot do, Yotsuya campus, Aug.

4, 2024 (on-demand video lecture).

I am a committee member of the following international committees & conferences:
1. Conference on Computer Science & Information Technology (CoSIT)
2. Society for Design and Process Science (SDPS)

I am a reviewer of the following international journals:
1. Journal of Soft Computing, Elsevier
2. Journal of Artificial Intelligence
3. IEEE Open Access
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Department:Information and Technology

Name: Fabien Trihan

1. Please specify research area and keywords

Research area: Arithmetic Geometry and Number Theory

Keywords: Elliptic curves, algebraic curves over finite fields, function fields, p-adic
methods, L-functions, Iwasawa theory, Birch and Swinnerton-Dyer conjecture,

arithmetic of algebraic varieties.

2. Research theme
Research theme

o Iwasawa theory of elliptic curves over function fields of characteristic p, with
emphasis on the Iwasawa Main Conjecture over ramified Z p”d-extensions.

e Construction and study of p-adic L-functions for elliptic curves and related
abelian varieties over function fields of characteristic p.

e Birch and Swinnerton-Dyer type conjectures, equivariant Tamagawa number
conjectures, and related questions in the arithmetic of elliptic curves and abelian

varieties over function fields.

(Prospects)

My main long-term research program is the study of arithmetic conjectures for elliptic
curves over global function fields of characteristic p, especially conjectures relating
algebraic invariants such as Selmer groups to analytic objects such as L-functions and

p-adic L-functions.
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At present, a central theme is the Iwasawa Main Conjecture for ordinary semistable
elliptic curves over function fields in ramified p-adic Lie extensions. A current approach
is to study character-wise or specialized forms of the conjecture and use them to deduce
the general multivariable case. This is closely connected with the construction of p-adic
L-functions and with the analysis of specialization, functional equations, and local

factors.

More broadly, I aim to develop methods that connect Iwasawa theory, Birch and
Swinnerton-Dyer type conjectures, and equivariant Tamagawa number conjectures in
characteristic p. In the medium and long term, I hope to extend these methods beyond
elliptic curves to more general abelian varieties and to obtain a clearer structural

understanding of the arithmetic of function fields.

3. Research results for fiscal year 2025

1. The \mu-invariant change for abelian varieties over finite p-extensions of global
fields

Ki-Seng Tan, Fabien Trihan, Kwok-Wing Tsoi

Research in the Mathematical Sciences 12(4), published September 11, 2025.
2. Isogeny and overconvergence

Bruno Chiarellotto, Fabien Trihan

Comptes Rendus. Mathématique 363(G9), pp. 867-871, published July 15,
2025.
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3. Collaborative research activities both on and off campus

e Ongoing on-campus collaboration with Prof. Bruno Chiarellotto on arithmetic
geometry in characteristic p, including joint work on isogeny and
overconvergence.

e Ongoing collaboration with Prof. Ki-Seng Tan, Prof. Kwok-Wing Tsoi, and
Prof. Wooseong Kim on Iwasawa theory, p-adic L-functions, and Birch and
Swinnerton-Dyer type questions for elliptic curves and abelian varieties over
function fields.

e Research interaction with Prof. Le Stum (University of Rennes) in connection
with arithmetic and cohomological questions in characteristic p.

e Research visit to [CMAT, Madrid, including a series of lectures and research
discussions with Prof. D. Castillo on the Iwasawa Main Conjecture and related

questions.

4. Educational activities

Educational activities

Linear Algebra, Calculus, Exercises for Green Engineers, Scientific and Technical
English (Mathematics), Scientific and Technical English B, Introduction to Science and
Technology (Information and Technology class), seminar, and graduation research

supervision.

In addition, I was involved in the preparation of entrance examination problems for

undergraduate and graduate admissions.
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5. Self-evaluation of educational activities

Overall, student evaluations were good and the courses proceeded smoothly
throughout the academic year. The classes were conducted in accordance with
the syllabus, and the intended course content was covered satisfactorily. I

believe that students were able to follow the material well in most of the courses.

At the same time, I will continue to look for ways to improve the clarity of
explanations, the pacing of the classes, and the support given to students through

exercises and related materials.

7. Activities other than educational research

e (On-campus) the Padova collaboration initiative with Prof. Chiarellotto and Prof.

Shibuya

e (Off-campus) Editor of the Tokyo Journal of Mathematics

8. Social contribution activities and others NONE
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Products of Kirillov—Reshetikhin modules and maximal green sequences,
arXiv:2503. 23833, (2025).
[2] M.Kashiwara and T.Nakashima, Crystal Structure of Localized Quantum
Unipotent Coordinate Category, arXiv:2502.14319, (2025).
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[4] K.Matsuura and T.Nakashima, Characterization of the unit object in localized

quantum unipotent category, arXiv:2511.10157, (2025).
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[5] Decomposition Theorem for Product of Fundamental Crystals in Monomial

Realization of type Cn, arXiv:2507.21444(2025).
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applications, yet existing evaluation metrics—such as FID, FAED, and OmniFID-
remain dataset-level measures and fail to capture image-specific perceptual
failures, 1including semantic or directional discontinuities that break
panoramic coherence. We propose a dual-axis, per-image evaluation framework
that reflects two core perceptual dimensions of panoramic quality: semantic
realism and semantic consistency. Our metrics, Patch-Distribution Discrepancy
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contains a complete 360° scene, enabling image-level distributional comparison
via MMD (PDD) and directional coherence analysis (PCS). Experiments across
multiple generation models show that PDD and PCS reveal perceptual variations
that dataset-level metrics overlook. A VR-based user study further demonstrates
that outdoor perception depends on both realism and consistency, while indoor
perception is driven primarily by realism. PDD consistently correlates with
human preference across all settings, and PCS effectively captures outdoor
consistency cues. Together, the two metrics provide a principled, human-aligned

framework for evaluating 360° image generation.
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