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Figure 1: (Left) System overview showing a user with cervical spinal cord injury (cSCI) and limited wrist movements.
electromyography (EMG) signals are classified on each forearm to infer user intent without requiring overt hand motion, and
mapped to robot actions. (Right) Tasks performed in the user’s home during the finalized study phase.

Abstract

Mobile manipulators in the home can enable people with ¢SCI to
perform daily household tasks that they could not otherwise do
themselves, yet paralysis often limits access to traditional control
interfaces such as joysticks or keyboards. We introduce and deploy
the first system that enables a user with quadriplegia to control a
mobile manipulator in their own home using bimanual high-density
electromyography (HDEMG). We develop custom fabric-integrated
forearm sleeves worn on both arms that capture residual neuro-
motor activity and support real-time gesture-based robot control.
We further integrate vision, language, and motion planning into a
shared autonomy framework that assists with alignment and navi-
gation while preserving user control. Finally, we present a twelve-
day in-home user study demonstrating wearable EMG-based con-
trol of diverse activities of daily living (ADLs) and household tasks
in a real home environment.
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1 Introduction

Millions of people live with quadriplegia, often caused by ¢SCI [1].
Loss of arm and trunk function can prevent independent perfor-
mance of many ADLs such as feeding, drinking, hygiene, and object
retrieval [7, 14], increasing reliance on caregivers. Mobile manipu-
lators can extend assistive manipulation across a home, including
when a user is seated in a wheelchair or lying in bed [13, 19]. A
core barrier remains control: many existing interfaces assume hand,
finger, or sustained head motion that may be difficult or fatiguing
for users with quadriplegia.

Forearm EMG can capture residual neuromotor intent even when
overt movement is absent [4, 18, 23, 27]. With HDEMG and learning-
based algorithms, spatial activation patterns over the forearm can
support reliable gesture decoding without precise electrode place-
ment, enabling wearable, hands-free command channels. Prior work
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has demonstrated gesture decoding in individuals with paralysis,
but has largely focused on offline decoding, laboratory settings,
or single-arm sensing [4, 18, 23, 27]. In contrast, real-world assis-
tive mobile manipulation introduces additional requirements: daily
setup, robustness to sleeve shift and impedance changes, and safe
online behavior under occasional misclassifications.

We present the first system that enables a user with clinically
complete quadriplegia to control a mobile manipulator in their own
home using bimanual fabric-integrated HDEMG. Each forearm
sleeve contains 128 electrodes and supports real-time gesture clas-
sification. Gesture commands drive low-degrees of freedom (DOFs)
teleoperation modes (base/arm, arm/gripper, wrist), while shared
autonomy assists with perception, alignment, and navigation in
situations where low-bandwidth control is most burdensome. We
evaluate the full system in a twelve-day in-home deployment with
a user with motor- and sensory-complete quadriplegia from cSCI:
five exploratory days used to personalize gestures and stabilize
online control, followed by seven standardized days with fixed
configuration and repeated tasks (Fig. 1).

Contributions: (1) The first bimanual, fabric-integrated HDEMG
forearm sleeves designed for real-time robot control in daily use.
(2) A practical real-time pipeline for stable online gesture control
under in-home variability. (3) A longitudinal twelve-day in-home
case study demonstrating wearable HDEMG control of a mobile
manipulator for ADLs and user-selected tasks, with quantitative
task-time and subjective results.

2 Related Work

Assistive teleoperation interfaces. Assistive robot teleopera-
tion has used joysticks, button-based controllers, and web inter-
faces [2, 20, 24]. Higher-bandwidth devices such as VR controllers or
robotic arm “twins” can improve dexterity for able-bodied users [6,
8, 25] but remain inaccessible for many users with quadriplegia.
Alternatives include sip-and-puff and mouth joysticks [3, 10] and
brain—computer interfaces, which can require invasive sensing for
continuous manipulation [9].

EMG and HDEMG neuromotor decoding. EMG-based in-
terfaces can decode intended gestures from residual signals after
paralysis [4, 18, 23, 27]. Robustness to inter-session variability and
electrode shift is an ongoing challenge [5, 12, 26]. Many robustness
strategies rely on large datasets or extended training, which con-
flicts with daily in-home use. Prior wearable EMG systems include
rigid wristbands [21] and single-arm fabric sleeves for recogni-
tion [16].

Shared autonomy and in-home deployments. Shared auton-
omy reduces teleoperation burden through goal assistance, align-
ment support, action filtering, and mode switching [15, 19, 22].
A small number of studies have reported multi-day in-home de-
ployments with users with motor impairments [11, 17, 19]. How-
ever, prior work in longitudinal in-home evaluations of wearable
neuromotor interfaces paired with shared autonomy for mobile
manipulation remains absent.
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Figure 2: Flex PCB has 128 gold-plated electrodes soldered
onto pads, folded and sewn into spandex fabric forearm
sleeve, and attached onto both arms of the user. Three Velcro
strips are also attached per sleeve in order to ensure elec-
trodes make tight contact with the arm.

3 Wearable Bimanual HDEMG Interface

3.1 Sleeves and sensing

Each forearm sleeve integrates a flexible PCB into stretch fabric,
providing 128 gold-plated electrodes per arm in an 8x 16 grid (Fig. 2).
The form factor emphasizes daily donning, comfort, and robustness
to imprecise placement. The sleeves have their electrodes wiped
between sessions with alcohol. Full fabrication diagrams and inner
and outer sleeve layout views are provided in the Supplementary
(Figs. 11-12).

3.2 Daily data collection and real-time decoding

Each day begins with cue-based data collection and a brief maximum
voluntary contraction (MVC) calibration. EMG is filtered (20 Hz
high-pass, 60 Hz notch), segmented into 80 ms windows with 40 ms
stride, and converted into per-arm RMS spatial heatmaps. Separate
lightweight convolutional neural networks (CNNs) are trained per
arm to classify gestures from heatmaps. To support rapid daily
retraining, the model is intentionally shallow; details (architecture,
training, splits) appear in the Supplementary A.1.

3.3 Personalized gesture sets

Because residual neuromotor patterns vary substantially across
individuals and across arms, we personalized the gesture vocabulary.
The user screened candidate gestures and we selected a separable
subset using average spatial heatmaps and cosine similarity. During
the exploratory phase we evaluated a symmetric five-gesture set
on both arms. Left-hand test accuracy was high while right-hand
accuracy was lower. To improve online reliability, we reduced the
right-hand vocabulary to three gestures for the standardized phase
(Fig. 3). This reduced command diversity but improved stability for
daily robot use. Confusion matrices for the five gesture vs three
gesture classifier for the right hand is shown in Supplementary
Fig. 9.

4 Teleoperation Pipeline and Online Stability

4.1 Real-time command generation

EMG is streamed from two Intan RHD2164 chips per arm to a
companion laptop at 4,000 Hz (256 channels total), processed into
heatmaps, and classified in real time. To prioritize safe online be-
havior over marginal offline accuracy, we smooth and gate classifier
outputs before issuing motion commands. We apply an exponen-
tial moving average (U = 0 5), a confidence threshold (0.75), and
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