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How will the project be financially supported (please select one or provide details):
 there is a sponsor (provide details):	   Students will finance the project (provide details)
Project Title:  Airbag for Humanoids Robots.

Project Abstract (200 words max):
Humanoid robots are generally designed with the expectation that they won’t fall over. However, most humanoid robots do, in fact, fall or put in conditions to perform tasks under controlled conditions or not allowed to do anything fancy without being tethered to some sort of safety system. In the past we have designed robots to be extra durable and consequently have over engineered the hardware by designing it to be able to handle something that ideally won’t happen but which in fact will happen. For life-size humanoids a fall can results in accelerations of well over 100g and experiencing secondary impacts (bounces) of up to 40g. Even equipped with padding, humanoids can still experience accelerations of around 60g, which is much better but still destructive.
Fall-damage mitigation for robots (and for humans) is primarily about spreading out the force of impact over as much time and area as possible via control and other methods. There are different ways of doing this—one is to use limbs to try to turn an in-progress fall from a pure face-plant to a more gradual multipoint of contact collision, with the arms absorbing some of the energy. A slightly more complicated strategy is to turn a fall into more of a roll, using hips and shoulders. The objective is the same: minimizing the amount of force that one area of the robot experiences at one time. However, such actions are complex and require very fast reaction times (something that current humanoid robot do not have). The goal for this 2021-2022 capstone design project is to design, manufacture, control, and test an effective airbag jacket system that can be installed on any life size humanoid robot preventing such robots to get damage when falls occur.
Project Value for the sponsor/faculty member/competition team (150 words max):
The value that this project will bring is to protect the integrity and operational conditions of humanoid robots when working on harsh environments or performing experimental activities. Thus, enabling the development of humanoid robots to move at a faster pace by been able to test robots under more aggressive conditions. The students will gain exposure to the technologies of what it is called the six wave on technological evolution which includes robotics and artificial intelligence.
Project background (300 words max):
Since 2016 the Robotarium robotics lab directed by Dr. Alex Ramirez-Serrano has been developing life-size Humanoid robots (e.g., Fig. 1) for operations in confined spaces as those encountered in urban search and rescue operations. The ideal emergency safety system for humanoid robots would be cheap, reliable, lightweight, easy to integrate, and able to deploy at very short notice during the small window of time between when a robot detects that it’s falling and when it hits the floor. Similar to airbags in cars, albeit a little less violent—since robots don’t fall as fast as cars crash. 

Brief Project Description (700 words max):
	The goal of this project is to design a complete airbag system for humanoid robots in a similar fashion as the motorcycle industry is attempting to do for motorcycles. 
When coupled with effective control, perception, and deployment mechanisms such system should enable humanoids to perform acrobatic maneuvers (e.g., jumps, flips) without having to worry about falls. The goal for this 2021-2022 capstone design project is to design and manufacture an airbag system for humanoid robots. The overall specifications to be met include:
· Design a removable airbag jacket system for a life-size (1.5-1.8mts tall) humanoid robot weighting 70-90 kgs.
· Use small, compressed CO2 gas cylinders to replace the high explosive inflation of an automotive airbag to produce suitable protection to humanoids.
· When installed on a given robot, the airbag and deployment system must not prevent or reduce the motion of the humanoid.
· Th system must be light (less than 340 grams) so that the motion and payload capabilities of the humanoid are not affected.
· The airbag protective system must protect the robot and must not cause damage to the robot when falling onto the ground from 1-meter-high platforms.
· Design the deployment control system to rapidly deploy the airbag when identifying that the robot is falling.
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Fig 1: Humanoid robot.


· The complete airbag system must be easy to integrate in existing robots without any modifications to the robots themselves. That is, the robot must not be modified in any form for installing the airbag system.
· The system must be self-sufficient and the powered, deployed, controlled, etc. using its own resources (without the need to be directly connected to the humanoid’s mechanical or electrical systems.
· The airbag system must work with robots not explicitly designed to work with the airbag.
· The design MUST be in line with all safety regulations that protective systems for humans have.

Expected Outcome and Deliverables (200 words max):
The expected outcomes will be a fully functional airbag system for life-size humanoid robots that can be easily attached and integrated into existing life-size humanoid robots, a custom designed electrical and electronic system. as well as a well documented technical report with all specifications of the complete system (e.g., forces produced, deployment time, electrical constraints, moments of inertia, masses, kinematic and dynamic parameters, etc.). Deliverables will also include a detailed CAD assembly of the design, and a detailed engineering report of the design.
Students will meet with the project sponsor on a weekly basis to present their weekly progress and discuss concepts, results, etc.
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