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Value Proposition Data & Results

e Latency Test: User 1 wears SEMG; User 2 wears haptic splint. Timer starts when User 1

Introduction

° Pro.p'rloceptlon 1s the body’s ability to sense its own Figure 1: Virtual reality therapy ' Figure 2: EMG demonstration moves. User 2 times perceived movement duration. Latency = difference between actual and
position, movement, or force *6th sense*. perceived durations.
. . : : T Strong Flexion Haptic Splint
e Post-stroke proprioceptive loss 1s common, affecting motor
T . \\_»Q Average pn,=0.319
coordination and limb awareness. SD 0341
o 800,000 people suffer a stroke each year in the US'. N 20
o ~50-60% of these individuals experience impaired Confidence Interval 0.159, 0.479
] 0 . ) p p _Wm Raw EMG W Raw EMG ( )
proprioception after”. — | m™c el . o Since the confidence interval excludes 0.500 seconds (our criterion), latency was
. . . . . ° ° INEIRps nveiope d s
e Impaired proprioception increases the risk of falls, joint S significantly below 0.500 seconds.

e Angle Test: User 1 moves to a set angle with SEMG; User 2 uses haptic feedback to match it.

instability, and delayed motor recovery”. : . 1 .
C t rehabilitati thods f ¢ th and Selection Improves IS{ZIsltS(:)I;es Real Skin Personalized | Responds to NonInvasive ];)isslgg:foil:)er Error = difference between actual and estimated angles.
¢ tLurrent renabilitation methods 1ocus on strength an Criteria Mobility | tio}1’1 Sensation Feedback | User Intent Proprioception o H,: Haptic feedback does not improve angle estimation accuracy (i, = p,).
motion but fail to target proprioception directly. o H,: Haptic feedback improves angle estimation accuracy (p, < ).
: : . Physical/Mirror
e Prior studies have demonstrated that haptic feedback Therapy X X X X X Control | Haptic Splint
(vibration-based signals) counteracts proprioceptive loss®*. , Average n,=33.222 | p =14.158
. VR/AR . X X X X X Standard Deviation| 26.471 12.235
e Our design uses SEMG—surface electromyography— Limited N '9 i9
sens?rs to detect mol\lfer;lent 1ntenf afnd c.lehvers rez.ll time Haptic Sleeves | . . _ % on/ofTonly) % % % P-Value N/A 0.0337
haptic teedback to the ore.arm, r.eln orcing sensorimotor i “ o Because the p-value 1s less than 0.05, we can reject the null hypothesis, showing the
pathways to enhance proprioception. Our Design (adaptive, (real-time - haptic sleeve does enhance accuracy and improves proprioceptive loss.
personalized) | muscle-based) (sSEMG-driven) e Drift Test: Constantly buzz ulnar (funny bone) nerve to impair left arm. Measure arm drift
Needs Statement

over 1 minute without sleeve, then with sleeve. Compare start-to-end position displacement.

A way to restore proprioceptive feedback in post-stroke Solution Design
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Rabin et al., Gait & Posture, 2013 Figure 5: Circuit schematic for haptic sleeve Figure 6 & 7: CAD model of haptic sleeve for post-stroke adults.

adults with arm impairment in order to improve motor Combination of EMG and haptic feedback addresses critical gap in post-stroke rehabilitation techniques, which neglect Total Displacement 3.6 inches 1.4 inches
coordination. SENSOTy recovery. o> Average Drift Rate | 1.52 mm/sec 0.93 mm/sec
> ] 3 Electrodes: Controls st Position Offset 2.4 1nches 0.8 inches
Need SpQlelCﬂthﬂS - Muscle peak vibration with
- Muscle end specific o The haptic sleeve reduced arm drift by ~60%, demonstrating that tactile feedback
Need Measurable Need-to- Nice-to- - Reference Arduino Uno waveforms compensates for impaired proprioception by providing external spatial cues.
Specification Output Have Have e reafs SEMGI e Achieved all need-to-have specifications:
i | R0 | o Haptic Driver —»  LRA Mot o < 1% of tests led to false negatives (surpassed nice-to-have
Accurate Signal| False negative | < 10% are false | < 5% are false 2Kih SIGace I apRe SHVE e - M (surp . )
: . . Electrodes M 70 o 3 on scale of 1-3 of tactile feedback system (met nice-to-have)
Detection rate negatives negatives yoware 2. , T inear R ¢ .
Sensor *  Arduino car kesonan o Latency confidence interval was (0.159, 0.479) (met need-to-have)
Tactile | measures mV Acgllsitﬁlra;ilgﬁear o Measured 2 muscle groups—bicep and tricep—(met nice-to-have)
Feedback Patient 2 3 of intent Determines if o Haptic intensity > 2x difference (met need-to-have)
System feedback (1-3 scale) (1-3 scale) muscle activity o Drift reduction of 60% (surpassed nice-to-have)
: : exceeds threshold,
Latenc Time from intent <500 <200 ms indicating movement| Figure 3: Device workflow
Multi-Muscl Muscl e Auto-calibration of SEMG signal threshold allows for personalized therapy.
]l;e:;c t;:)snc © lrilsgneitizgp > 1 ~2 e Varying vibration intensity allows for proportional feedback based on user effort. e Add pressure/force sensors to validate muscle movement derived from EMG signals
. — e Compact splint design allows for comfort and long-term use. for closed-loop feedback between intent and outcome.

Haptl.c Vlbrz}tlon > 2x difference ,2 3-5x | T e Develop mobile app for muscle activation visualization, proprioception tracking, and
LTIy amplitude 0.5G — 1G) difference o= N q feedback customization, plus train ML model to distinguish intentional movement
Variation (G-force) (0.3G —1.5G) ) s+ | 3lson 28 oure |- i Electrodes from noise
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Spatlal Reduped arm > 30% Fh'lft > 50% Fh'lft TS IR, e S1EN =  REG[L- Sleeve W/ Acknowledgements
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