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1. Project Title
Robotized Multidimensional Training and Evaluation System for Combat Sports (Judo and Martial Arts)
Code Name: JUDO-ROBOTICS (JR-System)
2. Patent Summary and Scientific Objective
Patent Summary
The patent covers an anthropomorphic robotized training dummy for judo and martial arts. This system aims to overcome the limitations of traditional training methods (human partners or static dummies) by offering a dynamic, objective, and inclusive training platform.
Key features include:
•A dummy mounted on a rotating platform using a cross-roller bearing to simulate controlled multidirectional movements.
•A comprehensive network of integrated sensors (pressure, force, accelerometers, angular position) for real-time data collection.
•Programmable actuators at key joints (shoulders, elbows, hips, knees) to simulate active and variable resistance, replicating the dynamic reactions of an opponent.
•A central processing unit for multidimensional performance analysis (traction forces, total load, unbalancing precision - kuzushi).
•Specialized training modes: an inclusive mode for visually impaired athletes (non-visual feedback) and a gamified educational mode for beginners.

Scientific Objective
The main scientific objective is to develop and validate a cyber-physical system capable of quantifying and optimizing technical and physical performance in combat sports. This involves transforming subjective evaluation into an objective and reproducible metric by leveraging advanced robotics and Big Data analysis applied to sports biomechanics.


3. Target Technology and Prototype to be Developed
Target Technology
The project stands at the confluence of several cutting-edge technological fields:
•Advanced Robotics and Mechatronics: Design and integration of actuation systems (servomotors, linear actuators) for active resistance and controlled dummy mobility.
•Materials Science and Smart Sensors: Use of high-precision force and pressure sensors, non-intrusively integrated into the judogi and internal structure.
•Signal Processing and Artificial Intelligence (AI): Development of machine learning algorithms for sensor data analysis, technique recognition, and providing personalized and predictive feedback.


Prototype to be Developed
The project aims for the realization of a functional prototype at TRL 6-7 (System demonstration in a relevant environment).
	Component
	Prototype Description

	Dummy
	Final anthropomorphic structure with integrated programmable actuators and internal sensor network.

	Platform
	Rotating platform with cross-roller bearing and precise motion control system.

	Control System
	Central processing unit (FPGA/High-performance Microcontroller) for real-time actuator management and sensor data synchronization.

	User Interface
	Mobile/web application for data visualization, progress tracking, training customization, and voice feedback (inclusive mode).





4. Impact (Scientific, Economic, Social)
Scientific Impact
•Advancement of Sports Biomechanics: Providing unprecedented quantitative data on forces and movement dynamics in judo, enabling new research on performance and injury prevention.
•Human-Robot Interaction (HRI) Robotics: Developing more realistic robotic resistance and reaction models for physical training.
•Publications: The prototype development will serve as a basis for high-level scientific publications in the fields of robotics, AI, and sports science.
Economic Impact
•Commercialization: Creation of an innovative product for the global high-tech sports equipment market (estimated at several billion dollars).
•Targeting: Sales to national sports federations, Olympic training centers, universities (sports research labs), and martial arts clubs.
•Intellectual Property: Valorization of the pending international patent.
Social Impact
•Inclusion: Offering a high-quality training solution for visually impaired athletes, promoting accessibility in high-level sports.
•Safety: Reducing the risk of injuries associated with intensive training with human partners.
•Education: Making the learning of martial arts more engaging and measurable for young athletes through gamification.




5. Necessary Resources
The realization of the prototype requires a specialized team and resources:
	Category
	Needs Description

	Human Resources
	Mechatronics Engineers, Signal Processing/AI Specialists, Sports Biomechanics Researchers, Application Developers.

	Equipment
	Precision machining workshop, Rapid prototyping equipment (3D printing), Test benches for sensors and actuators, CAD/Simulation software.

	Funding
	Budget for the purchase of robotic components (actuators, precision bearings), sensors, embedded computing hardware, and research team salaries.





6. Why Japan? (Expertise, Technology, Partnership)
Japan is the ideal location to carry out this project for strategic and technological reasons:

Expertise and Culture
•Birthplace of Judo: Japan is the home of judo, guaranteeing unparalleled access to technical expertise, high-level coaches, and athletes for prototype validation and testing.
•Sports Science: Japanese universities possess world-renowned sports science and biomechanics research laboratories, essential for the scientific validation of the system.

Technology and Partnership
•Precision Robotics: Japan is an undisputed global leader in robotics, mechatronics, and high-precision sensor technologies. The manufacturing of critical components (cross-roller bearings, robust actuators) is of superior quality and accessibility there.
•Academic/Industrial Partnership: Collaboration with a Japanese laboratory (via the JSPS program or other) would provide access to cutting-edge research infrastructure and establish links with Japanese companies specializing in robotics (e.g., FANUC, Yaskawa) or sports equipment (e.g., Mizuno, Asics) for future industrialization.
•Funding: Japanese research programs (such as those from JSPS) are often oriented towards technological innovation and internationalization, offering funding opportunities for the development of advanced prototypes.
Conclusion: Japan offers the unique environment where the cultural expertise of judo meets technological excellence in robotics, creating a perfect ecosystem to transform this patent into a breakthrough prototype.

