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Flexible electronics for intelligent sensing and soft systems
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Flexible electronics have developed from a mate‐
rials and device concept into a broad platform for sens‐
ing, interaction, and soft system integration. The key 
advantage extends beyond mechanical compliance. 
Flexible electronics enable sensing functions to be de‐
ployed on curved, moving, or deformable surfaces while 
integrating materials, microstructures, transduction mech‐
anisms, signal processing, and application scenarios 
within a unified design framework. This integration is 
opening new routes for wearable healthcare, human–
machine interaction, soft robotics, and intelligent op‐
eration in environments where rigid devices are diffi‐
cult to use.

The field is also facing a set of connected techn‑
ical challenges. High sensitivity must be maintained over 
a useful pressure or strain range, and flexible devices 

must remain stable under repeated deformation, envi‐
ronmental disturbance, and interdevice variation. Multi‐
modal platforms need to decouple signals rather than 
simply amplify them. At the system level, reliable cali‐
bration, low-power acquisition, real-time interpreta‐
tion, and application-specific validation are as impor‐
tant as the sensing element itself. The papers in this 
first part (Part I) of the special issue “Special Feature 
on Flexible Wearable and Implantable Electronics and 
Applications” illustrate how these challenges can be 
addressed through complementary strategies in struc‐
ture design, material processing, modeling, algorithms, 
and system integration.

Part I comprises one review article followed by 
five research articles. Together, these contributions 
cover flexible and soft actuation, iontronic pressure 
sensing, tunable strain sensing, magnetic force sensing, 
laser-induced graphene sensing arrays, and hybrid 
temperature-humidity monitoring. The collection also 
spans a wide range of use cases, including underwater 
robotics and communication, wearable pulse and motion 
monitoring, physiological observation, and soft robotic 
interaction. The common thread is a shift from isolated 
device performance toward flexible platforms that can 
perceive, interpret, and respond in real situations.

The review by Shen H et al. (2026) organized 
the development of flexible magnetic force sensors 
around fabrication, sensing mechanisms, force decou‐
pling, performance, and application. It compared ana‐
lytical modeling with data-driven approaches for con‐
verting magnetic signals into multidimensional force 
information, and surveyed applications in wearable 
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devices, robotic hands, and soft robotics. The review also 
identified practical bottlenecks that remain important 
for translation, including non-uniform magnetic particle 
distributions, laborious calibration, signal drift, and deg‐
radation during cyclic use. Its discussion of bio-inspired 
design, universal calibration, transfer learning, and ar‐
tificial intelligence-enhanced integration provided valu‐
able insights for improving consistency and scaling up 
these sensors beyond laboratory demonstrations.

Zhang et al. (2026) presented a bio-inspired hy‐
brid reconfigurable flexible underwater manipulator 
that combines rigid self-propulsion modules with mod‐
ular soft joint modules. The authors developed a soft 
universal joint model that remains applicable under 
non-constant-curvature bending and large deformation, 
thereby extending the modeling range beyond the class‑
ical constant-curvature assumption. They further estab‐
lished a priority-based controller that coordinated tra‐
jectory tracking with safety-related tasks such as ob‐
stacle avoidance and joint-limit protection. Simulations 
and water-tank experiments, including spiral motion, 
pitching, linear motion, and obstacle avoidance, showed 
how flexible morphology and task prioritization can 
be combined for operation in confined and dynamic 
underwater environments.

Xiang et al. (2026) developed a high-sensitivity 
flexible iontronic pressure sensor for both pulse signal 
detection and underwater intelligent communication. A 
micro-pyramidal architecture and a carbon-nanotube/
ionic-liquid composite sensing layer give the device a 
sensitivity of 370 kPa−1, response and recovery times of 
approximately 20 ms, and stable operation over about 
20000 cycles. The sensor captures weak human pulse 
signals with high fidelity. After encapsulation for aquatic 
operation, it also detects tactile Morse-code signals, 
which are classified by a deep-learning algorithm. This 
work demonstrates the potential of flexible sensors 
for bridging biomedical monitoring and cross-medium 
human–machine interactions. Recent tactile sensing 
work further illustrates this transition from sensing hard‐
ware to learned perception by reconstructing super-
resolution spatial information from sparse sensing units 
(Kong et al., 2025).

Shen Z et al. (2026) introduced a tunable 
gated strain sensor that integrates a detachable 
negative-Poisson-ratio metamaterial structure. The de‐
tachable layer modulates the local strain field and al‐
lows the sensing response to be adjusted after fabri‐
cation by changing the embedment depth, thickness, 
and microstructural dimensions. The resulting device 

achieves a strain range from 0% to 100%, with a gauge 
factor of 3049. A smart resistance-band system further 
shows personalized motion recognition for users with 
different heights, highlighting the value of tunability for 
wearable sports and health monitoring.

Luo et al. (2026) reported a high-sensitivity and ro‐
bust laser-induced graphene sensing array for spatiotem‐
poral pulse mapping. Precision-machined microgrooves 
on a polyimide substrate create stress-concentration 
structures that enhance sensitivity, while MoS2 modifi‐
cation fills pores and cracks in the laser-induced gra‐
phene framework to improve consistency between sens‐
ing units. A chemical bonding strategy between poly‐
imide and the outer polydimethylsiloxane layer re‐
duces the influence of atmospheric humidity. The array 
achieves a sensitivity of 2.205 kPa−1 in the 0–15 kPa 
range and a maximum interdevice error of 6.61%. These 
properties support reconstruction of pulse signals at 
the Cun, Guan, and Chi positions. The work also high‐
lights the need for larger-population validation and 
further reduction of interdevice crosstalk.

Liu et al. (2026) addressed temperature-humidity 
crosstalk in wearable multimodal sensing through hy‐
brid integration and algorithmic compensation. A copper-
constantan thin-film thermocouple provides tempera‐
ture measurements, while laser-induced graphene in‐
terdigital electrodes coated with graphene oxide pro‐
vide capacitive humidity sensing on the same flexi‐
ble substrate. The different ionic and electronic con‐
duction mechanisms reduce intrinsic coupling, and a 
second-order compensation model further corrects the 
temperature-induced humidity drift. The platform 
reaches a humidity sensitivity of 31 pF/%RH (relative 
humidity) and a temperature sensitivity of 29.88 μV/℃, 
with humidity errors within ±2% RH after compensa‐
tion. A flexible printed-circuit acquisition module en‐
ables wireless operation, and demonstrations include 
respiration, cough, exercise-related skin changes, and 
skin-garment microclimate monitoring. That study dem‐
onstrates how device architecture and signal process‐
ing can be jointly designed for reliable multimodal 
measurement.

Several broader trends emerge from these con‐
tributions. First, geometry is being used as an active 
sensing and control resource. Micro-pyramids, stress-
concentration grooves, negative-Poisson-ratio meta‐
materials, porous graphene, and soft universal joints 
each alter how a flexible system responds to force, 
deformation, or its surroundings. Second, high sensi‐
tivity is increasingly being paired with mechanisms for 
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consistency and decoupling. Encapsulation, hetero‐
geneous transduction, detachable structures, material 
modification, and compensation algorithms address dif‐
ferent parts of the same reliability problem. Third, flex‐
ible electronics are moving toward closed-loop sys‐
tems. The papers connect sensing with deep-learning 
communication, motion recognition, pulse mapping, 
physiological interpretation, or priority-based robot 
control rather than stopping at a raw electrical signal. 
Recent work extends this co-design strategy to laser-
patterned conductive hydrogels for bioelectronic stimu‐
lation and recording (Lu et al., 2024; Zhou et al., 2025). 
Complementary studies published in Bio-Design and 
Manufacturing connect biomimetic sensing films and 
machine-learning-optimized soft robotics with broad-
range sensing and biomedical validation (Wang et al., 
2024; Mao et al., 2025).

Several challenges remain to be addressed. Flexi‐
ble devices need common benchmarks that report sensi‐
tivity together with range, hysteresis, drift, repeatability, 
calibration transfer, and performance under realistic me‐
chanical and environmental conditions. Long-term sta‐
bility, scalable fabrication, and validation across users 
and operating settings will determine whether promis‐
ing prototypes become dependable technologies. The 
papers in Part I make progress on these issues while 
also stating their boundaries, including the need for 
broader population studies, further crosstalk suppres‐
sion, more general calibration domains, and improved 
robustness after repeated use. Subsequent parts of this 
special issue will extend this discussion as additional 
contributions are accepted.

We hope that this first part of the special issue 
will provide readers with an overarching perspective 
on flexible electronics as an integrated engineering dis‐
cipline that links materials, mechanics, electronics, 
computation, and application needs. We thank all au‐
thors for their contributions and the reviewers for their 
careful and constructive evaluations. We also hope that 
the collection will encourage further work on reliable, 
scalable, and intelligent flexible systems for health‐
care, human–machine interaction, soft robotics, and 
other demanding environments.
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