Snow Sports
Applications

LoRa mesh networking for ski patrol, backcountry skiing, and snowmobile operations.

e Ski Patrol and Mountain Safety

e Backcountry Skiing and Avalanche Country

e Snowmobile and Sled Communication




Ski Patrol and Mountain
Safety

Why Ski Resorts Are a
Communications Challenge

A modern ski resort is one of the most punishing RF environments imaginable. Hundreds of vertical
metres of complex terrain create deep shadow zones behind ridgelines, cliff bands, and the thick
concrete-and-steel patrol huts scattered across the mountain. Existing patrol radios - typically VHF
or UHF handheld units - work well on open slopes but fail predictably in terrain hollows, inside
buildings, and in lift corridors where metal towers and cables absorb signal. Add -20 °C ambient
temperatures, high winds, and the need for rapid one-handed operation while wearing thick gloves,
and you have a scenario purpose-built to expose every weakness in a comms system.

LoRa mesh does not replace the ski patrol radio. What it does is fill the gaps: delivering position
awareness, automatic check-ins, and short-message coordination in the very zones where voice
radio fails.

¢4 Mesh is a supplemental coordination tool, not a dispatch or rescue
system. LoRa mesh is best-effort with no guaranteed delivery - messages may
be delayed or dropped in the shadow zones, buildings, and lift corridors
described above, and positions can be stale or missing. Patrol voice radio (and
911/SAR) remain the primary, life-safety comms channel. Mesh is a passive
position-awareness and short-text layer that supplements, never replaces, that
infrastructure.

How Mesh Complements Existing
Patrol Radio



Filling Shadow Zones

A small solar-powered relay node mounted on a lift tower, patrol hut roof, or summit shack can
bridge a shadow zone that defeats direct radio contact. LoRa operates at 915 MHz (US) or 868 MHz
(EU). Its advantage is not better propagation - 915 MHz is a higher frequency than VHF and actually
attenuates more through terrain and foliage - but its high spreading factor (processing gain), which
lets the receiver decode signals far below the noise floor and hold a link where a voice radio is
unusable. A relay node placed at a high point can provide two-hop coverage from the base lodge
toward a remote patrol post with no change to patrol procedures, where line of sight and node
spacing allow.

Position Tracking for Patrol Sweep

At the end of the ski day, patrol sweeps the mountain top-to-bottom to clear all guests. With
Meshtastic running on each patroller's device, the incident commander at the base can watch each
patroller's last-reported GPS position on a shared map - updated periodically and subject to
coverage gaps. When a patroller completes their assigned zone, their icon moves into the clear
area - no radio call needed. Missed segments tend to appear visually before the lifts close, though
a stale or missing position should be confirmed by voice.

Automatic Check-In at Aid Rooms

Each first-aid room or patrol hut can host a fixed node acting as a named waypoint. As a patroller's
device reports its own GPS position, the base map operator can see when that patroller is at the
hut. Note that a packet merely routing through a relay node does not by itself report "I am at the
hut" - position comes from the device's own GPS, and arrival detection is an inference (or
geofencing logic) the map operator applies, not a native automatic node-proximity feature.
Supervisors can still see arrivals without requiring the patroller to key up, which is especially useful
during high-call-volume periods when radio channels are saturated.

Cold Weather Node Operation

The Battery Problem at —20 °C

Lithium-ion cells lose capacity in the cold and can be permanently damaged by deep discharge
when cold. At —20 °C most Li-ion/LiPo cells deliver only about 50 % of their rated capacity (per
Battery University BU-502); this loss is temporary and recovers once the cell warms up. Critically,


https://wiki.meshamerica.com/books/outdoor-recreation/page/cold-weather-node-operation

never CHARGE a lithium cell (Li-ion, LiPo, or LiFePO4) below 0 °C (32 °F) - cold charging
causes lithium plating, permanent damage, and a latent internal-short fire risk (discharging in the
cold is fine). For fixed relay nodes, keeping the battery warm restores most of that lost capacity, so
insulated enclosures with a small self-heating element (a few milliwatts of deliberate idle current
through a dummy load is one illustrative technique - sizing is engineering guidance, not a fixed
figure) can hold the battery above —10 °C.

Boot Batteries vs. Pocket Carry

For patrollers carrying personal devices, the simplest cold-weather solution is body heat. A node or
phone running Meshtastic kept in an inner chest pocket or a dedicated battery-warming pouch
helps keep the battery near body temperature in most conditions (though garment insulation,
activity level, and extreme wind/cold can still pull it down). One suggested DIY approach is an
insulated "battery boot" - a neoprene sleeve around the battery pack - worn against the body with
only the antenna protruding. Keeping the battery warm this way can substantially extend runtime
in extreme cold, since the cold-capacity loss recovers as the cell warms.

Recommended Hardware for Cold
Environments

e LILYGO T-Echo: E-ink display is readable in direct sunlight without powering a backlight,
reducing battery drain. Compact and pocketable; it has an internal ~850 mAh Li-ion cell
(USB-C charged, no removable/AAA battery) and weighs ~120 - 130 g cased. Remember
the sub-0 °C charge cutoff above.

e RAK WisBlock with custom enclosure: For fixed relay nodes, a RAK4631-based build
in an IP67 polycarbonate enclosure with 10 W of solar input and a heated battery
compartment can support year-round operation if the solar sizing and heater budget are
validated for the site's winter insolation - deep-winter, snow-covered, low-sun alpine
conditions can starve a heated enclosure, so do not assume 10 W is sufficient without
checking.

e Heltec V3 (indoor nodes only): The OLED display is convenient for indoor patrol huts
but is not cold-rated for extended outdoor exposure.

Specific Ski Patrol Use Cases

Toboggan Tracking



Attaching a small Meshtastic node to each rescue toboggan provides passive tracking throughout
the mountain. Patrol dispatch can see which toboggans are in use, where they are, and roughly
how long a rescue is taking - without requiring patrollers to narrate their location over the radio
during a technically demanding patient-care situation.

Rope Line and Closure Zone Monitoring

Boundary rope lines demarcating out-of-bounds areas can host small fixed nodes - but note that a
bare Meshtastic node cannot by itself detect that a zone is "unmanned" or that a boundary was
crossed. That requires an external sensor and custom logic: for example, wiring a PIR sensor output
to a GPIO pin on a RAK WisBlock can create a simple "boundary crossed" alert that sends a mesh
message to all patrol devices. Without that added sensor and logic, the node only relays whatever
traffic reaches it.

Out-of-Bounds Alert Zones

Fixed nodes placed at the top of known out-of-bounds access points (gates, gaps in rope lines) can
be configured as named waypoints. This only helps for a skier who is already running Meshtastic,
on a channel patrol monitors, with position broadcasting enabled, and within RF range of a patrol
node - a small minority of the public. For those few, patrol may see a last-known position if the
device hops within range of that node. Do NOT treat mesh as a search-and-rescue locating method
for the general public: most lost skiers will not carry a compatible node on the right channel, and a
dedicated PLB/satellite messenger plus 911/patrol remain the means by which the public is actually
found.

Incident Reporting to Dispatch

When a patroller responds to an injury, the first action at the scene is reporting location and
preliminary assessment to dispatch. A GPS pin plus short text can be sent to other patrollers and
the patrol room over mesh, usually within seconds where coverage is good - but in shadow zones,
buildings, and lift corridors delivery may be delayed or fail. Keep voice radio as the primary
incident-reporting channel; treat mesh as a convenient supplement, not the system you rely on for
first-on-scene reporting.

Approaching Resort Management

Ski resorts operate under strict RF licencing conditions and have existing radio infrastructure to
protect. When proposing a mesh pilot to resort management, frame it as an overlay system that
does not interfere with existing channels, not a replacement. Key talking points:



LoRa operates in the unlicensed ISM band (915 MHz in North America) and cannot legally
interfere with licensed patrol radios on VHF/UHF.

Mesh is a passive position-awareness layer; patrollers keep their radios as primary voice
comms.

A small pilot of three to five devices covering one shadow zone costs under $200 and
produces measurable results in a single patrol day.

Data stays on-mountain; the mesh does not require internet connectivity to function.

Starting with the patrol director's buy-in on a single-day pilot - rather than a resort-wide proposal -
dramatically improves adoption chances. Let the technology prove itself.



Backcountry Skiing and
Avalanche Country

Mesh is a coordination tool, not a rescue system. It is best-effort - messages may not
get through, and positions can be stale or missing. It is NOT a substitute for a PLB/satellite
messenger, a 457 kHz avalanche beacon, or 911. Search and rescue does NOT monitor
Meshtastic. Carry dedicated safety gear; use mesh only as a supplement.

Group Position Awareness in
Avalanche Terrain

Standard avalanche-terrain travel doctrine (taught by AIARE and avalanche.org) is to know where
everyone is before entering a slide path. The fundamental rule - one person in the exposure at a
time, rest watching from a safe zone - requires that the group knows who is where at all times. In a
touring party of four or more spread across a large alpine cirque, verbal communication is often
impossible above the noise of wind and terrain.

Mesh can help here, with an important caveat: every member's LAST-REPORTED GPS position is

visible on the Meshtastic app map, typically updated only every few minutes, and positions can be
stale or missing over a lossy, best-effort mesh. A member could have moved out of the safe zone
since their last beacon. Confirm the group is clear visually or by voice before committing to a slide
path - never authorize a couloir drop on the map alone.

Mesh Is a Supplement, Not a
Replacement for Avalanche
Transceivers


https://wiki.meshamerica.com/books/hardware-guide/page/meshtastic-app

Critical Safety Note: Meshtastic mesh networking operates at 915 MHz LoRa. Avalanche
transceivers (ARVA/beacons) operate at 457 kHz. They are fundamentally different
technologies with no operational overlap. A LoRa device cannot detect a buried beacon signal,
and a beacon receiver cannot locate a LoRa transmitter, and mesh does nothing to narrow a
burial search. A 457 kHz transceiver, probe, and shovel are REQUIRED, non-negotiable gear
that every person entering avalanche terrain must carry and know how to use. Meshtastic is
NOT an avalanche safety device; it only adds situational awareness on top of this baseline - it
does not replace any element of it.

With that foundation clear: mesh can add value in backcountry avalanche terrain as a coordination
aid. Beacons only help after a burial. Mesh can aid group coordination and travel discipline
throughout the day, but avalanche avoidance still depends on terrain and snowpack assessment
and travel protocol, not on position-sharing - mesh does not prevent a burial.

Route Logging and Safe Exit
Documentation

Meshtastic devices broadcast GPS position, which can be ingested by a gateway node running
MQTT back to a server. For a backcountry party, positions that reach a gateway are logged
automatically; coverage gaps occur wherever the mesh cannot reach the gateway, so in deep
terrain with no gateway in range the recorded track will have gaps and is not guaranteed complete.
If a party fails to return, any last-known positions that were uploaded to a gateway with internet
before contact was lost may help - but SAR does NOT monitor the mesh, so a written/registered trip
plan and a satellite PLB remain the primary safeguards, not the mesh log.

For a reliable record of your own route, use a dedicated GPS track app on your phone. Meshtastic
primarily caches the recent positions of other nodes it has heard rather than a continuous, rescuer-
readable breadcrumb track of your own route, so do not rely on reading a complete route history
off the device.

Communication in Terrain Traps
and Narrow Canyons

All line-of-sight radio - VHF, UHF, and LoRa alike - struggles in narrow creek drainages, cliff-walled
couloirs, and dense tree zones. It is a myth that LoRa "penetrates terrain better" because of
frequency: 915 MHz is a higher frequency than VHF (30-300 MHz) and actually attenuates more
through terrain and foliage and diffracts less well around obstacles. LoRa's real robustness comes



from spreading-factor processing gain at very low data rates (it can decode signals far below the
noise floor), not from superior propagation. In informal field trials, LoRa at SF12 (the most robust
spreading factor) has held a link in some corridors where a 5 W VHF handheld was unreliable - this
is anecdotal, not a published, reproducible test, and results vary widely with terrain, antenna, and
conditions.

Approximate field estimates, highly dependent on spreading factor, antenna, and canopy (treat as
rough, not guaranteed): in dense conifer forest, roughly 0.5 - 1.5 km node-to-node. In open alpine
terrain with clear line of sight and elevation, roughly 3 - 8 km. In a narrow canyon, often only 0.3 -
0.8 km, sometimes only line-of-sight up the canyon.

Battery Management in Extreme
Cold

Backcountry skiers typically skin uphill for several hours before skiing down. During the uphill, the
body generates significant heat. This is the time to keep batteries warm inside a chest layer. On
summit stops and in rest zones, temperature drops rapidly - pull the device out only when needed
and return it to the warm layer immediately after. Expect roughly 50% capacity loss at -20 C (it
recovers when the cell warms).

Never charge a lithium cell below 0 C (32 F). Charging a Li-ion/LiPo cell below freezing
causes lithium plating, permanent capacity loss, and a latent internal-short fire/venting risk.
Discharging in the cold is fine, but charging is not. Do NOT run a "USB cable from a warm pack
to a device in a cold hip-belt pocket all day" - that charges the cell while it is sub-freezing,
exactly the prohibited condition. Use the warm pack only to keep an idle device warm, or
bring the device fully into the warm layer before charging it.

Hardware Option: T-Echo for
Avalanche Terrain

The LILYGO T-Echo is a suitable low-power option for backcountry use - though it is not avalanche
safety equipment and must never be treated as such - for three reasons:

1. E-ink display: Readable in direct sunlight on bright alpine days without requiring
backlight power. Checking group positions on a sunny ridge is instant and uses minimal
battery.

2. Integrated GPS: No separate GPS puck required; the device is self-contained.



3. Low standby power: The T-Echo has an internal ~850 mAh Li-ion cell (USB-C charged,
no AAA cells) and weighs ~120-130 g cased with battery. Expect roughly a day of active-
GPS runtime from a single charge (more at low duty), and substantially less in cold -
adequate for a long backcountry day if you start fully charged.

Carry the T-Echo in a chest pocket of your soft-shell, with the GPS antenna positioned upward.
Avoid deep burial in a pack unless the device is in sleep mode.



Snowmobile and Sled
Communication

Mesh is a coordination tool, not a rescue system. It is best-effort - messages may not
get through, and positions can be stale or missing. It is NOT a substitute for a PLB/satellite
messenger, a 457 kHz avalanche beacon, or 911. Search and rescue does NOT monitor
Meshtastic. Carry dedicated safety gear; use mesh only as a supplement.

Large Snowmobile Groups Across
Miles of Trall

Group sled rides in the backcountry routinely spread riders across ten or more kilometres of trail
simultaneously. Faster riders reach a fork while slower riders are still several kilometres back. The
lead machine has no reliable way to know how far behind the tail is, or whether a rider has stopped
for a mechanical issue or a fall. Calling out over a radio works if everyone is monitoring the same
channel - but on busy groomed trail networks, channel congestion is common, and in remote
backcountry, many riders simply do not carry radios at all.

Meshtastic can help: it can share rider positions across the group when nodes are within mesh
range. Coverage and update latency depend on terrain and may be incomplete in deep valleys or
behind ridges, so a position may be stale or missing. When the mesh has coverage, the group

leader can see the spread of the party on the map and make informed decisions about pace and
regrouping stops.

Mesh Position Sharing for Group
Ride Management

Practical group-ride workflows with Meshtastic on snowmobiles:



e Tail-end awareness: The lead rider watches the rearmost position marker. In forested
terrain the tail rider may drop off the mesh well before 2 km; treat a frozen or last-known
marker as a prompt to stop and wait, and deploy relay nodes for long strung-out groups.

e Regrouping at waypoints: Named waypoints can be dropped at known regrouping
spots (cabin, fuel cache, trail junction). When all position icons cluster around the
waypoint - and only when those riders are within mesh range - the group is likely
assembled.

o« Emergency alert: A rider who crashes and is immobile can send a pre-configured "need
assistance" message with their GPS position toward the group with a single button press,
even if they cannot speak. Mesh delivery is best-effort and not guaranteed; a distress
message only reaches the group if a node is within range. Mesh must not replace a
satellite communicator or PLB for genuine emergencies.

Waterproofing for Snowmobile
Vibration and Moisture

Snowmobiles generate significant vibration at the handlebars and tunnel. Standard Meshtastic
enclosures designed for hiking are not adequate for sled use. Requirements:

e Vibration isolation: Mount the node enclosure on rubber grommets or vibration-
damping foam. Direct hard-mount to the handlebar will eventually loosen screws and
crack solder joints.

e IP67 or better enclosure: Snow ingestion, rooster tails from the track, and submersion
risk during creek crossings demand full waterproofing. Hammond 1551 polycarbonate
enclosures with gaskets, or Pelican micro cases, are field-proven solutions. Note: drilling a
hole through a Pelican/IP67 case voids the IP rating unless the port is sealed with a proper
cable gland or grommet rated for it - a bare drilled hole floods on immersion.

o Conformal coating on the PCB: Even with a sealed enclosure, condensation from
temperature cycling can cause corrosion. Spray the bare board with MG Chemicals 419C
or equivalent before final assembly.

Handlebar and Windshield
Mounting

Two mounting locations work well on sleds:

e Handlebar RAM mount: A RAM B-sized ball and clamp arm attached to the handlebar
cross-brace provides a rigid, adjustable mount for a small Pelican case housing the node



and display. The rider can glance at the map during brief stops without removing their
gloves.

e Windshield pouch: A clear-window neoprene pouch bolted to the windshield keeps the
device visible and partially wind-protected. Less vibration-isolated than a handlebar
mount but quicker to deploy and remove.

Route the antenna cable (if using an external antenna) along the fairing and avoid routing near the
ignition coil and high-tension spark plug leads, which generate RF noise that can degrade LoRa
receiver sensitivity.

Powered from the Sled: Heated
Grip Power Tap

Modern snowmobiles with electric heated grips provide a convenient 12 V source at the handlebar.
The heated grip circuit is typically switched with the ignition, providing power exactly when the
node needs it. A small DC-DC buck converter (12 Vto 5V, 1 A) inline with a fused tap cable
provides clean, regulated USB power for the node throughout the ride.

Advantages: the node is always powered when the sled is running; no battery management
required; no cold battery issues. Disadvantage: the node goes offline when the sled is parked -
ensure the GPS fix is recorded before shutdown if you need a last-parked-position record.

Backcountry Sled Rescue
Coordination

Avalanche and tree-well accidents involving snowmobiles are a recognized hazard in aggressive
backcountry riding. When a rider is injured or a machine is buried, coordinating the response
across a party spread over several kilometres requires reliable communication. Mesh does NOT
replace avalanche transceivers, PLBs, or satellite SOS: a 457 kHz avalanche transceiver, probe, and
shovel are the primary tools for an avalanche burial, and a satellite communicator or PLB is the
primary tool for summoning outside rescue.

A Meshtastic coordination workflow for sled incidents (a group-awareness aid, not a guaranteed
distress signal):

1. Injured rider or witness sends a "mayday" pre-set message with GPS position. This is a
group-awareness aid, not a guaranteed distress signal - delivery is best-effort and



requires a node in range; carry a satellite communicator or PLB for real emergencies.

2. Group devices within mesh range should receive the message and display the position on
the map (best-effort; not guaranteed).

3. Group leader coordinates approach routes via text messages visible to the group.

4. If the incident is serious enough to require external rescue, a rider with a two-way satellite
communicator (such as a Garmin inReach or SPOT) heads to high ground and relays the
GPS coordinates to SAR - this satellite messenger, not the mesh, is what reaches search
and rescue.

Fixed Cabin and Yurt Nodes at
Destinations

Many popular snowmobile destinations - backcountry cabins, yurts, warming huts - host visiting
groups repeatedly through the season. A solar-powered fixed node at these destinations provides
several benefits:

e Acts as a relay point that extends mesh coverage toward the cabin from the trailhead.

e Provides a named map waypoint visible to inbound riders when they are within mesh
range, helping confirm cabin location in whiteout conditions - though it is not a
guaranteed navigation aid and should not replace a map, compass, or GPS.

e If the cabin has a satellite uplink, a gateway node can forward mesh messages to the
internet, allowing position sharing with family and friends at home.

A 10 W solar panel on the cabin roof, a 20 Ah LiFePO4 battery bank, and a RAK WisBlock node in an
insulated enclosure can provide year-round operation, but it is NOT maintenance-free. LiFePO4 (like
all lithium chemistries) must NOT be charged below 0 C (32 F) - charging a frozen cell causes
lithium plating and permanent damage - so the charge controller must have a low-temperature
charge cutoff that blocks charging below freezing. Size the solar array for short winter days, and
plan on seasonal inspection of the panel, battery, and enclosure rather than assuming no
maintenance.



