
When the enclosure becomes part of the
RF problem.

For the HoneyLink project, metraTec designed and
manufactured the BeeBase gateway. It is the central
hub of a professional beehive monitoring system that
aggregates data from up to 64 wireless hive scales and
transmits it to the cloud over LTE Cat-M/NB-IoT.

The BeeBase gateway is permanently installed outdoors.
It is solar-powered, backed by battery, rated IP65, and
fully encapsulated in epoxy resin to survive long-term
field deployment. However, this encapsulation creates a
specific RF risk. Epoxy resin changes the dielectric
environment around the PCB after the design is cast and
sealed, shifting the tuned response of every antenna on
the board. Any of them can end up out of range,
especially LTE Cat-M/NB-IoT, which must hold B1, B3,
B20 and B28 at once.

A design that measures correctly before casting may
become permanently detuned after. For a sealed
outdoor gateway, that risk cannot be corrected after
production. The antenna system had to be treated as
part of the final enclosure stack-up from the start.

metraTec’s design requirements for the gateway: 
Maintain LTE Cat-M/NB-IoT multiband performance
across B1, B3, B20 and B28 
Support GPS positioning for outdoor deployment 
Receive 2.4 GHz signals from up to 64 BeeScale
wireless hive scales
Achieve IP65 sealing and epoxy encapsulation for
long-term outdoor durability
Fit all three radios on one compact PCB without
mutual interference

Antenna integration in a
sealed outdoor LTE gateway 
How metraTec solved post-encapsulation RF detuning
in the HoneyLink BeeBase gateway using Ignion’s
Virtual Antenna® technology 

Tuning recovery after
encapsulation

Three RF functions,
one PCB

First batch
shipping

RUN mXTEND™ delivered
S11   -10 dB across LTE 
Cat-M/NB-IoT and 2.4 GHz
operating ranges in the final
epoxy-encapsulated
configuration. 

Separate RUN mXTEND™
implementations for LTE 
Cat-M/NB-IoT, GPS, and 2.4
GHz coexist on a single
compact board, with active
RF coexistence
management. 

Introduced in Germany in
October 2025, HoneyLink
BeeBase shipped its first
production batch, with
European expansion
planned.

Sealed RF
performance

Matching-network
architecture allowed
metraTec to recover and
retune each antenna
response after resin casting,
preventing a permanently
detuned production build.
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A non-resonant architecture built 
for post-cast tuning

metraTec evaluated multiple antenna integration
approaches before selecting Ignion’s RUN mXTEND™,
including surface-mount PCB antennas, flexible
printed-circuit antennas, and ceramic patch antennas.
The selection was based on recovery margin after
epoxy encapsulation. 

The critical question was not whether the LTE antenna
path could be matched before casting, but whether the
LTE path could still be tuned after the resin changed the
dielectric environment around the PCB.

The RUN mXTEND™ architecture provided sufficient
tuning range to compensate for resin-induced detuning
through matching-network optimization. The antenna is
part of Ignion’s Virtual Antenna® technology family. It
uses a non-resonant antenna booster combined with a
tunable matching network and the PCB ground plane
as the radiating structure. This architecture does not rely
on a fixed pre-tuned resonance, making it the
appropriate choice for an enclosure where the
dielectric boundary changes after assembly.

Three RF functions, one sealed enclosure

The BeeBase gateway uses separate RUN mXTEND™
implementations for each RF function: 

LTE Cat-M/NB-IoT for cellular uplink to the cloud 
GPS for outdoor site positioning 
2.4 GHz for local reception from BeeScale wireless
hive scales

Each implementation is completed through its own
matching network, with the PCB ground plane acting
as the radiating structure. This allowed each RF path to
be optimized and validated independently, and tuned
as a complete RF system within the final encapsulated
mechanical build.

RF coexistence strategy  

Integrating three RF functions in one compact outdoor
unit required an explicit coexistence approach:

LTE and GPS coexistence is handled by the modem
through time multiplexing.
The 2.4 GHz booster is placed on the opposite side
of the PCB from the LTE implementation to increase
physical separation between the cellular transmit
path and the local receiver. 
A SAW bandpass filter in the 2.4 GHz transceiver
path provides more than 30 dB attenuation of
nearby LTE transmit signals, reducing the risk of
cellular TX energy desensitizing the local 2.4 GHz
receiver. 

"With the RUN mXTEND™, the datasheet and application notes made it clear we had
enough tuning range to correct for the resin’s influence. That certainty — knowing we
could reliably arrive at a working tuning — was what made it the right choice." 
Tobias Meyer, Co-founder and CTO, metraTec GmbH. 

RUN mXTEND™
NN02-224

Frequencies
698 – 8000 MHz

Dimensions
12.0 × 3.0 × 2.4 mm

RF functions 
LTE Cat-M/NB-IoT, GPS, 2.4 GHz

Enclosure rating 
IP65, epoxy/resin encapsulated

Technical validation  

Validation was performed using a return-loss
comparison between the optimized matching-network
configuration and the same design without
optimization. The comparison shows the practical RF
effect of epoxy encapsulation: without the matching
network, resin loading causes significant detuning. 

After optimization, measured return loss recovers to 
S11     -10 dB for all the interested frequencies.≤

>> Get datasheet

https://ignion.io/product/run-mxtend/
https://ignion.io/files/DS_NN02-224.pdf


CASE STUDY 

From field testing to production.

metraTec moved the BeeBase gateway from ramp-up
testing into production. 50 units were deployed in field
conditions, including UV stability, solar charging
validation, and outdoor durability testing. The first
production batch began shipping in October 2025,
starting in Germany, with European expansion planned.

The RF integration was validated in the actual
mechanical configuration: an outdoor, solar-powered,
epoxy-encapsulated gateway, not an open
development board.

Deployment
The matching-network tuning that compensated for
resin-induced detuning in development held through
production. 

metraTec's architecture lets each BeeBase gateway
aggregate data from up to 64 BeeScale wireless hive
scales and transmit through a single LTE Cat-M/NB-IoT
uplink. That architecture reduces the cellular hardware
required per site and enables remote monitoring
without constant site visits. This is a material
operational benefit for beekeepers managing multiple
apiary locations.

Thank you for reading.
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TRY IT  NOW

Integrating RF into a
sealed or encapsulated
enclosure? 

Ignion’s engineering team helps you
validate your antenna design before
the mechanical build locks in. 

Start with Oxion™, our AI-powered
antenna integration platform, or speak
directly with an RF integration
specialist. 

http://oxion.ai/

