Cutting edge research into
laundry-folding robots



Human and Economic Stakes

« =3kg clothes/person /week —» >1,000 folding hrs/family /yr
 US adults 45 min/day on laundry, folding dominates
 Tokyo dry-clean/fold ¥12k/ month vs home opportunity cost
e Zeigarnik effect: unfinished folding fuels annoyance

 Robotics shift: toys = industrial-grade prototypes, billions hrs saved

This slide shows how laundry folding consumes massive time, costs, and even mental energy, making it a pressing human an



Key Historical Milestones

« 1980s hobbyist mods: levers, manual garments

e Mid-1990s MIT/CMU AutoFold: motor arm, flat sheets only

e 2016 FoldiMate demo: fast stack, fixed grasp, sorted input

e 2016 Univ. Tokyo vision arm: stereo cameras, adaptive folding

 OpenAl dataset release: vision-tactile benchmarks, perception focus

Let's review the pivotal breakthroughs that turned laundry folding from simple toys into perception-driven robotics rese



Perception Challenges for Robotic Clothing

Cloth is deformable, glossy, transparent, occluded

RGB-D + tactile/force sensors capture shape & stiffness

Deep models segment, pose-estimate, classify material

Benchmarks: CLOTH3D, LaundryNet; metrics: loU, pose error, accuracy

Let’s look at how robots perceive fabric’'s visual and tactile complexity before they can even attempt to grasp it.



Soft Gripping & Folding Pipeline

e Compliant silicone fingers + vacuum or magnetic edge
 Physics simulators (Flex, Deformable Toolkit) guide trajectory
 Tactile arrays feed model-predictive controller

e Million-fold training reduces wrinkles and slip

e DeepMind 2024 demo: full pipeline, <20 s tri-fold

Now let's look at how soft grippers, physics-based planning, and closed-loop tactile control combine to grasp, unfold, a



Hierarchical Folding Controllers

 RL backbone with deep Q-network for basic folds

e Curriculum learning: simple cloth » complex garments
 Hybrid folding grammar guides neural policy

e Sim-to-real transfer via domain randomization

 High-level planner + low-level motion policy

Now let's see how combining reinforcement learning, curriculum training, and symbolic rules creates a hierarchical contr



Integrating a Folding Station

 Low-profile conveyor feeds vision-sorted garments

e Dual-arm robot (e.g., Kuka LBR iiwa) folds via wrist-mimic cradle
e ROS-2 middleware links perception, planning, safety framework
* Touch-screen & voice Ul for style selection and intent

e Scalable designs: countertop single-arm vs. commercial multi-arm

throughput

Now I'll walk you through how we combine mechanical layout, ROS-2 software, safety, and user interfaces to build a compl



Performance Metrics & Benchmarks

Speed vs accuracy trade-off (12/min @85% vs 8/min @96%)
e Energy <150W, noise <40 dB (Laundroid 120 W, 35 dB target)
e Reliability via MTBF; CLOTHBOT 2,300 h vs FoldiMate 1,200 h

 Fault-tolerant architecture standard (redundant vision, self-diagnosing

actuators)

 Research gaps: 15 items/min, >95% accuracy, <30 dB noise

Let's examine the key performance metrics and current benchmark figures that define today's laundry-folding robots.



Open Challenges & Future Directions

 Generalize folding across diverse garment materials
 Scale few-shot adaptation to thousands of fashion styles
 Self-supervised perception robust to clutter and lighting
* Unified sorting-fold-iron continuous pipeline

* Privacy, accountability, and cultural acceptance

Let's explore the key technical and societal hurdles that will shape the next generation of laundry-handling robots.



Implications of Folding Robots

 Potentially replace up to 3 M household folding services
e Gender impact: 60 % of chores by women, risk of reinforcing stereotypes

 Life-cycle emissions drop ~15% after two years despite plastic/battery

footprint
« Camera-based scanning raises wardrobe data privacy concerns

 EU directive & voluntary certifications set ethical standards

Next, we'll examine how these robots affect labor, the environment, privacy, and the emerging policy landscape.



Three Pillars of Folding Robots

* Perception: high-res tactile arrays distinguish fabrics
 Manipulation: underactuated dexterous fingers reshape cloth
 Al: transformer models plan folds in seconds

e Roadmap: beta units by 2027, commercial launch by 2032

* |Impact: frees time, reshapes home labor market

Now let’s recap the three technical pillars—perception, manipulation, and Al—that are turning laundry folding from a hob



