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Abstract— With the increasing use of wireless technologies
in robotics for communication, sensing, and localization, the
potential benefits of how robotics can complement and enhance
wireless systems remain underexplored. This paper explores a
novel application of the existing inflatable robots for wireless
communication systems by forming a shape-programming, re-
flective waveguide that enhances the received signal quality for
wireless devices. Our primary target is enhancing Low-Power
Wide-Area Networks (LP-WANs) – where 10-year battery-
powered client devices (e.g. energy meters or smart home
sensors) connect to cellular-like base stations to deliver data.
Devices in these networks often experience significant seasonal
variability in battery life – even simple obstructions between the
device and base station (e.g. due to construction) can shave off
years of battery life. We propose MetaMorph, a programmable
robotic reflector attached to base stations that enhances signal
quality from client devices by enhancing received signal energy
with controlled reflections. We investigate the design of the
reflector, and our experiments show the ability to improve
the signal quality for LP-WAN (LoRa) communication systems
demonstrating signal quality and battery-benefits. To our best
knowledge, MetaMorph is the first paper to explore how
flexible robotics can serve as virtuous reflectors for wireless
communication systems.

I. INTRODUCTION

Robots carry a variety of wireless sensors and communi-
cation devices to perform complex tasks such as grasping,
perception, and control. In fact, examples of wireless systems
that improve robotics are numerous: low-power connectivity
for multi-robot collaboration [1], [2], [3], high-resolution
radar imaging [4], [5], [6], and wireless actuated battery-
free robots [7], [8], [9], [10]. In contrast, the question of
how robots can benefit wireless technologies is relatively less
explored. This paper draws on advances in soft robotics to
address a key performance problem in an important class of
wireless networks – Low-Power Wide-Area Networks (LP-
WANs), specifically Long-Range (LoRa) communications.

LoRa is a technology that offers long-range connections
(several kilometers) to low-power (10-year battery-powered)
devices such as energy meters, occupancy sensors, and other
Internet of Things devices. Due to the longer wavelength
of the LoRa devices, their signal can travel further away
with less power decay. However, their signal propagation
still encounters reflection, refraction, and interference such as
other Radio Frequency (RF) waves. Environmental changes,
such as construction sites, foliage, or temporary blockages
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Fig. 1: MetaMorph surface backscatter radiated power, lever-
aging the shape-programming robots to alter the direction of
the reflected paths toward the receiving antenna.

introduce signal multipaths, which can severely degrade the
signal-to-noise ratio (SNR) of the transmissions from the
client devices to the base stations. These changes in signal
multipaths can result in significant SNR degradation [11]
driving the anticipated battery life of a user device from
several years to a few months.

Indeed, much prior art exists on LP-WAN coverage en-
hancement [12], [13], [14], [15], yet requires denser and
more complex base station hardware. In this paper, we
consider strategically placing RF reflectors around the base
station that are designed and controlled to enhance re-
ceived signal quality. These add additional signal paths that
superimpose constructively at the base station, enhancing
client signal quality. Rich prior work exists on manipulating
wireless propagation through passive reflectors [16], [17],
[18], [19] and more recent meta-material surfaces [20], [21],
[22], [23], [24], primarily at WiFi (2.4/5 GHz) and mmWave
bands (10s of GHz). However, what these systems lack is
the ability to remain highly compact at 900 MHz LoRa
bands (reflector surface increases as wavelength increases
with LoRa wavelength at 32.7cm) and programmable to
adapt to changes in the environment.

This paper investigates how shape-changing robots can
inspire new RF reflector designs for signal enhancement. We
propose MetaMorph, the first shape-programmable device
to our best knowledge, building on the interdisciplinary
study between shape-programming robots and wireless smart
surfaces to enhance signal reception. MetaMorph is an
inflatable-robot-based passive smart reflector attached to
the LP-WAN base stations enabling programmable wireless
coverage. Our system is, to the best of our knowledge, the
first programmable reflector design for LP-WAN systems.

MetaMorph’s core is to create a surface with pro-
grammable ridges or hills that create beneficial reflected
signals, utilizing the multipath from the environment. As
illustrated in Fig. 1(a), the reflective robotic surface utilizes
the non-line-of-sight (NLOS) signals from the environment
to create virtuous signals focused on the receiver when
the line-of-sight (LOS) signal path is blocked. Specifically,



we envision an RF reflector that can mechanically deform
into different shapes and offer virtuous paths that con-
structively interfere with the environment at the receiving
antenna. Specifically, MetaMorph comprises an array of
robotics programmable reflectors to mitigate radiation energy
lost due to a blocked LOS and multipath propagation, as
shown in Fig. 1(b). If the propagation effects change in the
scene, MetaMorph measures SNR information under shape
deformation’s impacts and infers an optimal configuration
without knowing the environment.

In designing MetaMorph, we encountered two main chal-
lenges. First, the reflector structure needs to be shape-
programmable to address multipath dynamics. Multipath
interference occurs when multiple radio signals arrive at the
receiver and cancel each other because of signals bouncing
off from objects. Thus, fixed passive reflectors cannot adapt
to changing environmental factors, which is why we must
configure reflector geometry in a controlled manner. Meta-
Morph’s reflector is therefore designed to reprogram itself to
optimize signal reflections based on signal strength variation.
If the signal strength drops significantly due to blockage
or foliage, MetaMorph searches through a combination of
shapes for best signal reception.

A second challenge in MetaMorph is to achieve a design
with minimized surface area. Particularly, if we adapt meta-
material surface design from [20], an estimated surface area
of 3 tiled surfaces×50cm×60cm is required for LP-WANs.
In contrast, off-the-shelf LP-WAN devices have a package
smaller than 15cm × 15cm × 3cm. Designing a smaller
reflector surface that is compatible with easy deployment is
crucial. To address this, we observe that rough surfaces can
diffuse or focus the reflected path even with a smaller surface
area if placed in the near field, that is close to the base station
antenna. MetaMorph leverages this observation to design
and program roughness as defined by signal wavelength to
provide beneficial reflections from a compact surface.

We design and implement MetaMorph with reflector com-
ponents controlled by a microcontroller, pumps, and air
valves to adjust the inflation. We fabricate the designed
reflective robotic elements using an elaborate process (design
and simulation will be made open source). MetaMorph’s
evaluation reveals an average gain of 2.35 dB in SNR for
915 MHz LoRa. We demonstrate this is equivalent to 89.68%
battery-life improvement for LoRa client devices.
Contributions: MetaMorph propose a novel soft robotic
design that enables virtuous signal reflection controls for
wireless communication systems. To our best knowledge,
MetaMorph is the first inflatable-robot-based system used for
RF reflector design. We implement MetaMorph on commer-
cial, wireless devices to demonstrate how robotic-controlled
reflectors enable signal strength enhancements, throughput
improvements, and battery life benefits.

II. RELATED WORK

Robotics for RF: Prior work has developed flexible an-
tennas that utilize the mechanical shelving of metals and
inflatables for antenna frequency tuning [25]. In contrast,

MetaMorph leverages pneumatically actuated soft robots to
improve signal quality through virtuous reflections, using
cheaper, simpler hardware and more variety in shape-shifting
mechanisms [26], [27], [28], [29]. Inflatables have many
advantages in being lightweight, safe, and low-cost, enabling
shape customization with a high degree of flexibility [26],
[30]. Rather than motor-based and heat-based actuation that
incurs bulkiness and longer latency [7], [31], [32], [33],
MetaMorph builds on inflatable soft robots, exploring a
unique application for wireless systems.

Reflectors, Waveguides and Smart Surfaces: Reflectors
can enhance wave propagation in microwave and optical
networks [16], [17]. Traditional metal reflectors can passively
disentangle signal paths or form standing wave patterns,
with geometry dramatically affecting performance. Advances
in 3D printing and RF propagation modeling improve the
design procedure of passive reflectors [18], [19]. However,
once fabricated, they cannot adapt to real-world changes
such as seasonal landscapes, moving furniture, or temporary
construction. MetaMorph complements this limitation by
enabling geometry programming.

Prior work has also proposed programmable RF smart
surfaces. These are specialized reflectors with antenna el-
ements to control signal reflections using phase shifters,
RF switches, or mechanical switches [34], [35], [36], [37],
[20], [38], [39]. Although such surface designs are well
studied for low frequencies (sub-kilo-Hz to 20MHz) and
high frequencies (5GHz to sub-THz) [20], [21], [22], [23],
[24], efficient designs for the LP-WAN bands (∼ 900 MHz)
remain comparatively scarce owing to large form factor
(surface area usually in tens of wavelengths). In contrast,
we utilize inflatable robots for better deployment flexibility,
leveraging their lightweight and small form factor to reduce
system bulkiness by at least 5 times.

Wireless Networks: LP-WAN literature includes a variety
of robust coverage enhancement techniques such as mesh
networks, distributed gateways and repeaters, and reinforce-
ment learning-based parameter tuning [40], [15], [41], [42],
[43], [44]. Power optimization algorithms can reallocate re-
sources to minimize signal interference to increase reception
SNR [45], [46], [22]. Instead, MetaMorph explores improve-
ments in link quality through shape-shifting reflectors that
add virtuous multipaths at the base station without requiring
additional hardware or energy burden to clients.

III. METAMORPH SYSTEM DESIGN

MetaMorph is composed of shape-shifting soft robotic
platforms that program wireless coverage, adapting to quasi-
static environmental changes. We first study the design
space of MetaMorph shape-programming robot that can be
precisely controlled. Each robot is an airbag that deforms,
undergoing inflation and deflation. We evaluate the shape-
changing robots and explore how they collaboratively enable
signal reflection by forming RF ”roughness”, through careful
modeling of how soft robots interact with the RF prop-
agation. In this section, we detail the shape-programming
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Fig. 2: Understanding how to model and control the RF
roughness in terms of heights and curvature

mechanism, the reflector robot’s dimension, the placement
of the robots, fabrication, and an actuation system.
A. Designing Soft Robotic Elements

This section discusses how the design of shape-changing
elements affects RF waves and causes differences in sig-
nal strength. MetaMorph arranges multiple shape-changing
robots together into a shape-changing surface that influences
RF propagation.
Shape-changing Mechanism: Prior work in pneumatically
controlled soft robots utilizes heat-sealed structures that
guide airflow to deform airbags into particular shapes [27],
[47], [48]. The simplest pneumatic control system with a
vacuum pump to supply the airflow and two valves to direct
the flow. This setup manages the airflow in and out of a
single airbag with three operational modes: inflate, deflate,
and lock. The pump can either inflate/deflate air flow, the first
valve stops/supplies the airflow to the second valve, and the
second valve closes/opens the flow to the airbag. We design
the sealed patterns of the airbags for geometry changes.
Engineering RF scattering: Electromagnetic (EM) waves
deflect in different directions when interacting with a surface.
When these interactions happen at objects smaller or compa-
rable to a wavelength, the energy disperses in all directions.
This phenomenon is known as Rayleigh scattering, where the
surface’s height variations and curvature affect the scattered
energy distribution [49], [50]. Due to the Rayleigh scattering,
the MetaMorph reflector robot can program EM waves with
a small surface area if its dimension is about sub-wavelength.
A reflector smaller than this limit is ineffective, as most of the
energy will bypass, resulting in inadequate signal enhance-
ment. Depicted in Fig. 2(a), MetaMorph creates an RF rough
surface with a bumpy texture, where the microscopic area is
oriented differently, increasing the likelihood of energy being
backscattered towards the receiving antenna for improved
link quality.

Changes in height and curvature influence two RF prop-
erties: RF phase and reflected waves’ direction (Fig. 2(b)).
Height variations induce phase shifts between signal rays
that travel different distances, while the Rayleigh Scattering
Criteria calls a surface rough if the phase difference is
significant (> π/2). Thus, a scattering surface must have
a comparable height difference p > λ

8sin(θ) (4 cm at 915
MHz) at two interaction points, where λ is the wavelength
and θ is the incident angle to the surface tangent. Meanwhile,
the curvature size must not be too small compared to
wavelengths to avoid sharp edges and undesired diffraction.
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Fig. 3: The geometries and mechanisms of the deforming
robots (top); an example of shape-changing reflector simu-
lation and prototype (bottom)

We base local curvatures using Brekhovskikh’s geometry
definition, which specifies the principal radius of curvature rc
should follow 4πrcsin(θ) > λ to eliminate diffraction [49].
We calculate that the curvature’s principal radius must be
over 9.84 cm at the near-grazing incidence (15◦) and exceed
2.55 cm at the orthogonal incidence (90◦).
Shape-programming Parameters: MetaMorph’s robot
leverages bending as its shape-shifting mechanism based on
prior work [26] – inspired by the concept of corner reflec-
tors, where multiple surfaces form an L-shape corner to focus
radio signals. We explore the dimension of each discrete
robot that satisfies the RF roughness to effectively reflect EM
waves, characterized by its air-tight hinge parameters (the
shaded area in Fig. 3) and outer dimensions (denoted 2c).
The rigid hinge pattern blocks airflow, creating side pressure
that folds the airbag, as shown in Fig. 3. We then choose the
hinge patterns (denoted w : h ratio) and adjust the inflation
levels to achieve height and curvature variations.
Dimension of a Single Reflector Robot: Let’s now build
a geometry model of inflatable robots with length l (could
vary due to inflation) and the bending angle: α = acos(1−
2w2

l2 ) [26]. In Fig. 3, we consider rc ≈ c
2sin(α2 ) and p =

c×cos(α2 ); where c is one half the element’s outer dimension.
We choose 2c as 12 cm to satisfy RF roughness constraints.
We experimentally choose two w values along the shorter
reflector edge and explore five h values, in multiples of
1.5 cm (≈ λ/20). We use Rhinoceros 3D to build physical
models of robot-inflating (Fig. 3). The prototypes with their
corresponding designs and maximum bending angles are
shown in Fig. 4. Fig. 5 compares our CAD simulation and
measurements of the fabricated inflatables with consistent
geometry, ensuring height and curvature compliance.

B. Modeling Reflected Power

Thus far, we have shown how MetaMorph enables pro-
gramming RF roughness. Next, we analyze the EM wave
interactions on the reflector robot and combine multiple
robots to focus the reflected signals.
Impacts of Hinge-patterns, Inflation, and Placement:
Building on the mathematical model of RF scattering in
Sec. III-A, we now perform EM wave simulations to study
the reflected power with three key properties: (1) the el-
ement’s hinge w : h ratio; (2) the inflation level; (3)
positioning of MetaMorph reflector to the antenna. We input



Fig. 4: MetaMorph robots and their maximal bending angles.
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Fig. 5: MetaMorph robots’ considerations of RF roughness

the CAD models of reflector robots to Ansys HFSS and
SBR+ solvers and explore their reflected radiation patterns.
Fig. 6 shows the reflected radiation under various hinge
patterns and inflation levels along the azimuth and elevation
axes. The inflation level dominates the reflection radiation
distribution along the azimuth, while the hinge pattern affects
both axes. Then, we evaluate reflector positioning using the
S11 parameter reflectivity coefficient to measure the reflected
power. We placed a single reflector robot, inflated to its
highest gain (denoted Po), near a 915 MHz omnidirectional
antenna connected to a Keysight N9916A vector network
analyzer. Our findings reveal two key points: (1) MetaMorph
reflector provides inherently wideband gain since the S11
reflectivity shows negligible frequency shift (Fig. 7); (2) the
closer the reflector is to the antenna, the higher the calculated
gain (Fig. 8). The placement distance, d0, affects the gain that
drops proportionally to 1/d4, consistent with the near-field
propagation distance(< 2 × reflector size2/λ) [51], with a
highest 1.005 gain that diminishes further away.

Combining Multiple Reflector Robots: To effectively com-
bine multiple reflector robots, we develop a numerical model
to estimate the signal strength using the Friis transmission
formula [52]. We assume that the individual reflector robots
each contribute the highest gain after inflation control. Let
Pi = P0d

4
0/d

4
new denote the new power gain contribution

for each displaced robot compared to the measurements
in Fig. 8. We calculate the total reflective power, Ptotal =
(
∑i=N
i=1

√
Pi)

2, with N elements that make up the surface.
We use this framework to find the highest possible signal
strength in Fig. 9 (the signal strength measurement without
a reflector is -100 dBm). Based on this analysis, we choose a
4-element reflector placed 5 cm behind the receiving antenna.
Note that multiple robotic elements increase gain; they also
increase form factor. Our choice of 4-elements serves as a

Fig. 6: Reflected radiation of different inflation levels (top)
and air-tight hinge (bottom)
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good compromise in this trade-off.
Radiation Pattern Optimization: After obtaining the re-
flected radiation of a single reflector robot in Fig. 6, we
optimize the arrangement of hinge patterns for our 4-element
MetaMorph surface. However, a 2×2 reflector-units sur-
face can provide 104 arrangements with 10 different pre-
fabricated hinge patterns. To reduce simulation overhead, we
synthesize the normalized field distribution using the vector
sum technique [53]. We estimate the total reflected power
from N-robots as [

∑N
n=1

√
σnexp(

j4πdn
λ )]2, where σn is the

reflected radiation of a single reflector robot, displaced dn
from the antenna. Among all reflected radiation in Fig. 10,
we choose the hinge pattern combination of 1:4, 1:6, 2:2, and
2:6 for maximum gain in Fig. 11, when the reflector is placed
behind the receiving antenna and the targeted enhancing area
is the 90-degree sector in front of the receiver.

C. Fabrication
Inflatable Robotic Airbag Fabrication: We fabricate the
reflector robots by heat-sealing two layers of thermoplastic
polyurethane (TPU) fabric with an air nozzle opening [54],
[48], [26]. We attach a soldering tool to the Genmitsu 3018-
PRO CNC router machine controlled by G-code from Auto
CAD and Inkscape, to seal the air-tight hinges and outer



Fig. 10: Radiation patterns
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boundary. Each robot is connected by a plastic pipe con-
nector and two heat-sealable 200D Oxford fabrics (≤$0.40
each), including typesetting costs. Minor fabrication errors
that may cause irregular buckling (Fig. 4), albeit are negli-
gible in performance impact as the fabrication errors remain
much smaller than the sub-wavelength scale.
Choice of Reflective Coating: The MetaMorph robots must
be reflective, i.e. with good conductivity for EM wave re-
flections. While rigid metals, aluminum foil, and conductive
sprays offer limited flexibility, we apply a thin layer of eu-
tectic gallium-indium (EGaIn) [55], [56], [57], a liquid metal
alloy, to the TPU robotic units to achieve a uniform, glazed
surface. This maintains the MetaMorph robots’ plasticity and
flexibility to endure inflate-deflate cycles. Using effective
medium theory (EMT) test [57], we verify EGaIn surface’s
reflection coefficient exceeds 0.91, indicates a good ratio
of reflected-to-incident EM waves [58]. For comparison, a
perfect reflector has a coefficient of 1, and copper has 0.89.

D. Control Architecture
Adaptive Inflation/Deflation Control: To effectively con-
trol MetaMorph robots for focusing EM energy on the
antenna and enhancing signals, we propose a closed-loop
feedback system that optimizes inflation level element-wise.
Three of the four robots are kept flat (0%) and inflate one
MetaMorph reflector robot from 0-100% inflation, which
takes about 3 seconds. After identifying the inflation level
for a local maximum received signal strength (RSSI), the
robot deflates and reinflates to that level, compensating for
inflation-deflation asymmetry. The process is repeated for all
four reflector robots. While a local maximum RSSI is not
always the global best configuration, we record the highest
RSSI to determine a global optimal across all searches and
install the final configuration. This control system relies on
continuous RSSI monitoring at the gateway receiver, lever-
aging wireless communication channel state information.
MetaMorph is configured actively based on periodic LoRa
transmissions. This system iteratively updates using the RSSI
feedback, adapting to long-term multipath changes.
Control actuation hardware: We use a customized driver
PCB with a microcontroller for all MetaMorph robots by
switching on/off valves at each element with two con-
tinuous inflating and deflating pumps. We assemble our
reflector robots using multiple 2-valves control architecture
as discussed in Sec. III-A. Figure 12 depicts the pneumatic
actuation architecture: the first level air valve (highlighted in
purple) selects an element during time-multiplexing and the
second level air valve (highlighted in orange) switches the
element’s air between the inflating or deflating pump. Since

Fig. 12: Pneumatic actuation architecture

Fig. 13: MetaMorph with control hardware and testbed

LP-WAN clients transmit infrequently, our optimization pro-
cess is not significantly constrained by latency. Given that
LP-WAN packets are both long duration (up to seconds),
transmitted infrequently (a few times a day), and often
at predictable schedules (e.g. smart sensors). MetaMorph’s
adaptability is designed to be gradual and cognizant of
long-time-scale changes across days and weeks when signal
degradation is observed.

IV. EVALUATION

A. Evaluation Setup
System: We assemble inflation control tubes and MetaMorph
platform with an Arduino Uno board, as shown in Fig. 13(a),
with 15 × 25 cm surface area. MetaMorph reflector is placed
behind the gateway receiver, and the reflective elements are
mounted on a stationary platform to hold them in place.
Transmitter and Receiver: We deploy commodity Semtech
SX1302 LPWAN gateway and SX1262 chip client devices
for channel RSSI measurements to show SNR gains, with
an emitting power of +22dBm and 1.5 dB Noise Figure. We
compare the SNR gains to a smooth plate baseline reflector.
Testbed: We conduct tests at varied distances, with
short/long-term environmental changes and chirp configura-
tions, in a university campus and surrounding area of size 2.7
sq. km, as in Fig. 13(b) with these notations: MetaMorph ,
the gateway N, the clients •, the distance from the gateway
— —. The MetaMorph platform is co-located with a fixed
transmitter and multiple quasi-static and dynamic receivers.
B. SNR Enhancement
Evaluation Methodology: We deploy the LoRa link at 30
locations as in Fig. 13(b), with a stationary client and the
gateway under the same spreading factor (SF) and bandwidth
(BW) of 7 and 125 kHz. For each link, MetaMorph finds the
optimal configuration that maximizes RSSI. To mitigate sig-
nal fluctuations, we perform 60s measurements and present
the average SNR with or without MetaMorph.
Result: MetaMorph achieves a median of 0.7 dB, 1.3 dB,
and 4.1 dB SNR gains for different link distances at 1000
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Fig. 14: Overall performance of MetaMorph for LP-WAN in Signal-to-Noise Ratio (SNR) and Battery Life Gain (BLG).
The solid line and dashed line represent the performance of MetaMorph and the baseline rigid reflector, respectively.
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m, 500 m, and 250 m, respectively (Figure 14a). Meta-
Morph achieves an average of 2.35 dB gain of all locations,
and 2.1 dB higher SNR gain than the baseline reflector,
which validates the promise of controlling a rough scattering
surface. To provide some intuition on how these gains
compare to related prior art, a prior hardware-defined smart
surface [20] achieves a median 2 dB gain for single antenna
transceivers for 5 GHz Wi-Fi networks; while, software-
defined techniques such as [59] achieve 1.84-2.35 dB gain
and [60] achieves a median 3.16 dB gain for 200m-ranged
915 MHz LP-WAN. The results showcase MetaMorph’s
performance in real-world multipath scenarios. MetaMorph
works better to provide gains for originally weaker links,
and the gain starts decreasing for LoRa nodes further away
because MetaMorph reuses the multipath. For distant clients,
the power of the multipath signals also drops inversely half
to the distance between the transceivers.

C. Battery Life Improvements
Evaluation Methodology: We evaluate improvement in
battery life gain (BLG) for the client device using the
standard extended LoRa battery lifetime models [61], [60] in
a setup akin to Sec. IV-B. The small SNR gain is valuable
because a 3dB gain enables the LP-WAN device to reduce
the SF by 1 and save an estimated 30% battery life [60].

Result: In Figure 14c, we evaluate the battery life benefits
with an average of 89.68% improvement across links. We
observe a median of 152.4%, 37.4%, and 21.6% battery
life saved for the links originally without MetaMorph at
low, median, and high SNR levels respectively, as shown in
Figure 14(b-c). We investigate the battery life gain variations
upon different bandwidth and spreading factor configurations
in Figure 14(d-e) with an average of 1.78, 3.75, and 7.14
years for a baseline SNR of -2 dB. In comparison to
baseline, MetaMorph extends the average battery life by
92.8%, 93.3%, and 84.0% for the three configurations. The
battery life gain increases as the SNR decreases because a
higher SF is usually preferred under a lower SNR level in
Fig. 14(c), while MetaMorph SNR gains are significant to

lower the energy consumption for the new SF configuration.
This matches our observation in Figure 14(e), where the
battery life when using an SF=12 is less than 0.8 years, much
smaller than that using SF=7 for 10.1 years.
D. Impacts of Environmental Changes
Evaluation Methodology: MetaMorph’s goal is to mitigate
signal quality decay from environmental changes. We ob-
serve 10 dBm RSSI drops in different seasons, where the
same link in summer is weaker than in winter because the
lush foliage can significantly weaken the signals (Fig. 14d).
We conduct long-term experiments that each of the five trials
last 10 minutes, across seasons and weeks to verify the long-
term impacts of furniture and seasons.
Result: MetaMorph continues to improve the channel
quality with 2.1 dB, 2.4 dB, and 0.7 dB gains in the summer
workdays, winter workdays, and winter weekends respec-
tively. We also investigate how MetaMorph can balance the
signal degradation due to short-term blockage (i.e. objects
placed near gateway or client devices). We found introducing
various blockages on the transceivers degraded signal by a
median of -1.4 dB; MetaMorph continues enhancing the link
by a median of 1.8 dB SNR gain in Fig. 15.

V. CONCLUSION AND FUTURE WORK

This paper explores MetaMorph, a novel shape-
programmable reflector to improve the battery life of the
client for LP-WANs – leveraging the shape-programming
robotic reflectors co-located with the base station. We design
soft pneumatic actuators that serve as programmable RF-
rough surfaces to induce constructive RF scattering paths
that enhance signal quality along the link from the client to
the base station. We demonstrate how doing so significantly
enhances the battery life of LoRa clients, which can drop
quite significantly when signal quality to the base station
is impacted. MetaMorph is specially designed to respond to
changes in signal quality due to variations in the environ-
ment that result in long-term impacts, such as construction
or changes in interior decor near the clients. We leave
optimizing inflatable designs and extending MetaMorph to
respond to more rapid environmental changes such as moving
cars/humans to future work.
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