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This book covers LoRa mesh for outdoor sports and recreation - hiking, backpacking, skiing,
cycling, kayaking, boating, summer camps, and events.
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Hiking, Camping & Backcountry

Getting Started with Mesh
for Outdoor Use

LoRa mesh networks shine in exactly the environments where cellular fails: backcountry trails,
remote camping, ski resorts, and off-grid events. This section covers how to use MeshCore and
Meshtastic for outdoor recreation.

“ 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, marine VHF (Ch 16/DSC), a 457 kHz
avalanche beacon, or 911. Search and rescue does NOT monitor Meshtastic.
Carry dedicated safety gear; use mesh only as a supplement.

Why mesh over cellular for
outdoors

e Works without infrastructure: No cell towers needed. Nodes communicate directly
with each other.

e Group messaging: On a shared channel, everyone on that channel sees broadcast
messages - including strangers on the default public channel, whose traffic uses a small,
well-known shared key that anyone can decrypt. Use a private channel with a custom PSK
for group privacy. Direct (DM) messages go only to the recipient, not the whole mesh.

e GPS position sharing: Nodes with GPS broadcast their location - see where everyone in
your group is on a map.

e Long battery life: Low-power nRF52840 devices (e.g. T-Echo, RAK4631) can run a week
or more on a suitable battery; power-hungry ESP32 boards (e.g. T-Beam) typically last
only 1 - 2 days on a 1000 mAh cell. A portable node can be carried in a hip pocket or
packed away.

e Offline maps: Some apps (MeshCore Open, Meshtastic) display node positions on offline
maps that work without internet.



Range expectations outdoors

All figures below are best-case estimates that depend heavily on antenna, spreading factor, and
terrain - treat them as rough guidance, not guarantees. In open, near-line-of-sight terrain, even a
pocket-sized node can often communicate 1 - 5 miles with another device. With good antennas and
a clear line of sight (hilltop to hilltop), longer links are possible. Dense forest significantly reduces
range - expect roughly 0.25 - 1.5 miles in heavy tree cover, and worse in very dense, wet forest.

Environment Approximate range (node-to-node, best case)
Open meadow / desert 3 - 10 miles (upper figures need good antennas and near
line-of-sight)
Rolling hills Highly variable; line-of-sight over ridgelines may reach

several miles, but valleys and obstructions can cut it to
well under a mile

Dense forest ~0.25 - 1.5 miles (very dense wet forest can be worse)

Elevated / summit-to-summit line of sight (best case) 10 - 50+ miles - requires both endpoints high with a clear
line of sight (the radio horizon for two hand-height nodes is
only a few miles)

Deep canyon Very limited, often under half a mile and sometimes only
line-of-sight up the canyon

Best devices for outdoor use

Best companion device (phone-
dependent)

SenseCAP T1000-E (~$40, as of 2026-06-08): Credit card size, IP65-rated (dust-tight and
protected against water jets - not submersible), 700 mAh, GPS. Clip to a shoulder strap and forget
it. Pairs to your phone via Bluetooth.

Best standalone device (no phone
needed)

LILYGO T-Echo ($65 - 75): E-ink display readable in direct sunlight, GPS, ~120 - 130 g cased with
battery. It has an internal ~850 mAh Li-ion cell charged over USB-C - there is no AAA option and



the battery is built in (not user-removable). Expect roughly a day of active-GPS runtime - more at
low duty, much less in cold. The T-Echo is a community favorite for hiking and overnight use. No
phone required - read messages and your group's positions directly on the device.

Best for group communications leader /
SAR

LILYGO T-Deck Plus (~$71 from LILYGO, more from US resellers; as of 2026-06-08): Full
QWERTY keyboard, 2.8" touchscreen, 2000 mAh battery, runs Meshtastic firmware for standalone
keyboard/touchscreen operation. Excellent for search and rescue coordinators, event managers, or
anyone who needs to type more than brief messages.

Quick setup for a hiking group

1. Each member gets a device (T-Echo or T1000-E recommended)

2. All devices apply the same preset - USA/Canada for MeshCore, or Long Fast for
Meshtastic. In the app, go to Radio Config > LoRa > Modem Preset and confirm every
device shows the identical preset; mismatched presets cannot hear each other (a
common silent failure).

3. Set a shared custom channel hame and PSK for your group rather than using the default
public channel - this keeps your traffic and positions private and avoids congestion from
unrelated nodes. (On the default channel, anyone in radio range shares the airwaves and
your location is exposed via the public key.)

4. Enable GPS position broadcasting on each device

5. Test at home before the trip: verify all devices see each other



Hiking, Camping & Backcountry

Off-Grid Communications
Planning

Planning mesh communications for backcountry trips, expeditions, or remote events requires
thinking about coverage, battery life, and what happens when you go off-mesh.

44 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. Mesh
radio only works when another node or relay is within RF range. It is NOT a
substitute for a PLB or two-way satellite messenger, and search and rescue does
NOT monitor Meshtastic. Carry a dedicated satellite emergency device; use
mesh only as a supplement.

Coverage planning

Check existing coverage before you go

If your destination has community mesh infrastructure, your devices may be able to reach the
internet (via a room server with internet backhaul) or contact base camp / emergency contacts.
Check:

e meshmap.net - shows known Meshtastic nodes; filter to 915 MHz (as of 2026-06)

e CascadiaMesh coverage map (cascadiamesh.org) for Pacific Northwest - regional network

details unverified; confirm against the live site before relying on it

e RegionMesh map (regionmesh.com) for Midwest/Mountain states - regional network
details unverified; confirm against the live site before relying on it

Don't count on it - coverage maps show what exists, not what works. Terrain shadows can put your
destination in a dead zone even if repeaters appear nearby on a map.
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Deploying a temporary repeater

For multi-day expeditions, bring a portable high-point repeater: a standard trail node (T-Echo or
RAK4631) deployed at a ridgeline campsite can extend range. Leave it running while the group
descends into a valley - if the base is an internet-connected gateway node, it can bridge messages
back to that base. Bridging is best-effort and depends on line of sight between the repeater, the
group, and the base; it is not guaranteed.

Battery life planning

Device

T-Echo

T1000-E

T-Deck Plus

RAK4631 (companion)

Battery

~850 mAh internal Li-ion
(USB-C charge; no AAA)

700 mAh

2000 mAh

Varies (swap 18650s)

Expected trail life

~1 day active GPS; up to a
few days low-duty

Several days to ~2 weeks,
GPS/transmit-cadence
dependent

~1-3 days

Indefinite with spare cells

Notes

Mode-dependent; GPS
polling every 5 min with
screen off lands toward the
high end. Cold cuts runtime
substantially. Figures
approximate, as of 2026-06

Longest at low
GPS/transmit cadence with
no display; verify against
Seeed's published specs

Runtime collapses with
active screen/keyboard
use; higher draw than e-ink
nodes

Keep a standard 3.7 V Li-
ion warm against the body
for cold reliability. Do NOT
drop a 3.2 V LiFePO4 18650
into a holder/charger
designed for 3.7 V Li-ion -
the onboard charger will
overcharge it. Match the
charger/BMS to the cell
chemistry

Extend battery life by: disabling GPS after reaching camp; reducing send frequency; turning off BLE
when not syncing to a phone; keeping the device warm in cold weather (battery capacity drops
significantly below freezing).

Cold weather operation
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The 915 MHz radio hardware works fine in cold - the SX1262 transceiver is rated across the
industrial temperature range (down to about -40°C), so the radio itself is not the limit. Batteries
and displays are the cold-weather limitation:

e LiPo / Li-ion: Capacity drops in the cold - at around -20°C most Li-ion/LiPo cells deliver
roughly 50% of rated capacity (it recovers when the cell is warmed again). Keep the cell in
an inner pocket close to your body. Never CHARGE a lithium cell (LiPo or LiFePO4)
below 0°C - charging when cold causes lithium plating, permanent damage, and a latent
short/fire risk. Discharge in the cold is fine; charging is not.

o LiFePO4: Better cold discharge performance, but still reduces at low temperatures.
Discharges acceptably to around -20°C, but must NOT be charged below 0°C unless the
pack has a low-temperature charge-cutoff BMS - otherwise the cells are permanently
damaged. A BMS that cuts off cold charging is a protection feature, not a way to enable it.

e Alkaline AA/AAA: Terrible below freezing - avoid.

e Lithium primary (L91 AA): Excellent cold performance - Energizer Ultimate Lithium
(L91) is rated to -40°C (-40°F). Best for emergency backup power.

Integrating with other safety
systems

Mesh radio is a complement to, not a replacement for, dedicated emergency communication tools:

e PLB (Personal Locator Beacon): Satellite uplink for true emergencies. No infrastructure
required. Register yours with NOAA.

e Satellite messengers (Garmin inReach, SPOT): Two-way satellite messaging. More
expensive but cover most of the globe - note coverage is not literally everywhere on
Earth: inReach uses the Iridium network (effectively global), while SPOT uses Globalstar,
which has gaps in polar and some ocean regions. Check the provider's coverage map for
your route.

e Ham radio: APRS and VHF/UHF provide coverage in areas with repeaters. Amateur
license required.

e Mesh radio: Free, group-capable, GPS-sharing, works without satellites or cell towers -
but only where another node or relay is within RF range. It is not a substitute for a satellite
emergency device.

For serious backcountry use: carry a PLB or satellite messenger as primary emergency device,
mesh radio for group communication and coordination.
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Ski Resort & Event
Communications

Ski resorts and large outdoor events create dense temporary communities in areas that often have
limited cellular coverage. LoRa mesh fills this gap extremely well.

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 (in avalanche terrain), or 911/ski patrol. Search and
rescue does NOT monitor Meshtastic. Carry dedicated safety gear; use mesh only as a
supplement.

Why mesh works at ski resorts

e Cellular congestion: A resort with 5,000 skiers all trying to coordinate simultaneously
overwhelms cell towers. LoRa operates on a completely separate band.

e High terrain: Ski resort terrain is ideal for mesh - hilltop lifts and lodges provide perfect
repeater placement with natural line-of-sight to the entire mountain.

e Group coordination: "Meet at the lodge at noon" messages can reach the group if
everyone is within mesh range; coverage is best-effort and not guaranteed, so a message
may not reach members on the far side of terrain without a relay.

Setting up for a ski day

1. Each person in the group carries a node. T-Echo and T1000-E are good pocketable, GPS-
enabled choices, but they are weather/splash-resistant, NOT waterproof to immersion (the
T1000-E is IP65 - dust-tight and resistant to jets/spray, not submersible). Keep them
pocketed; do not rely on them surviving deep submersion or prolonged snow burial.

2. Enable GPS position broadcasting - see where everyone is on the mountain.

3. Set a shared custom channel name and PSK for your group so positions stay private. Do
NOT use the default channel: search and rescue does NOT monitor any Meshtastic
channel, so the default does not make you findable by SAR, and the default LongFast



channel uses the publicly-known AQ== key, which broadcasts your location in cleartext to
any stranger in radio range. For emergencies call 911/ski patrol or carry a PLB/satellite
messenger (and a 457 kHz beacon in avalanche terrain) - that gear, not the mesh, is how
rescuers find you.

4. Consider placing one device in a pocket of a group member who stays at the lodge -
creates a relay point for better coverage inside the building.

Events and festivals

Large outdoor events (music festivals, trail races, mountain bike events, search and rescue
operations) are natural mesh use cases. Key setup considerations:

Pre-deployed infrastructure

For events with advance notice, placing 1 - 2 repeaters at elevated positions before the event
dramatically improves coverage. A repeater on a hillside above a festival grounds or race course
provides blanket coverage that individual participant nodes cannot achieve.

Net manager pattern

In organized events (races, SAR operations), designate one operator as the net manager with a
high-visibility node. The net manager:

Monitors all mesh traffic

Coordinates check-ins from field teams

Bridges to radio or internet if available (room server with internet backhaul)
Tracks participant positions via GPS broadcast

Meshtastic for events

Meshtastic's flooding approach can cause network congestion in dense event scenarios with many
nodes. If deploying 20+ nodes in close proximity, consider using Medium Slow preset instead of
Long Fast to reduce airtime per packet. Some large regional networks report better reliability on
slower presets in dense deployments, though specific outcomes vary by deployment.
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Outdoor Use Case Guides

Detailed guides for mesh networking in specific outdoor activities and sports.



Outdoor Use Case Guides

Hiking and Backpacking with
Mesh

Why Mesh for Hiking?

Wilderness hiking and backpacking take groups far beyond reliable cellular coverage. Mesh
networking with LoRa-based devices solves this by providing two-way text communications and
position tracking without satellite subscription fees. Key benefits include:

e Two-way text messaging across the group with no ongoing subscription cost

e Automatic position sharing so all members can see each other on a map

e Works entirely offline - no cell towers, no internet required

e Multi-hop routing means one device out of direct range can still reach the group via
intermediate nodes

Recommended Hardware

For multi-day trips, prioritize small form factor and long battery life. Avoid power-hungry ESP32-
based boards.

e Heltec T114 (nRF52840, ~21-22 dBm output - the SX1262 maxes out at +22 dBm) -
compact, runs weeks on a small battery, one of the best options for extended trips

e RAK4631 - nRF52840-based, low power consumption, excellent for custom enclosures

e T-Echo - nRF52840 with built-in ePaper screen and GPS; excellent battery life, reads last
position even when phone is stowed

e Avoid T-Beam (ESP32) for multi-day trips - the ESP32 draws significantly more power;
same 1000 mAh battery lasts roughly 1 - 2 days vs. 3 - 7 days on nRF52840 devices
(actual runtime depends on GPS, Bluetooth, and preset settings)

Battery Life Expectations



Battery runtime depends heavily on message frequency and modem preset. The figures below are
rough estimates that assume duty-cycled GPS and a moderate message rate; actual runtime varies
with position interval, Bluetooth, and preset:

e RAK4631 / T-Echo on a 1000 mAh LiPo: approximately 3 - 7 days depending on
message frequency and modem preset

e T-Beam (ESP32) on a 1000 mAh LiPo: approximately 1 - 2 days under similar
conditions

e Disabling Bluetooth when not actively using the companion app can extend runtime
further on all platforms

Modem Preset Considerations

Wilderness use is generally low-traffic, so slower presets that trade throughput for range are
appropriate:

e Long Fast or Medium Slow - good all-around choice for most hiking scenarios

e Long Slow - maximum range, ideal for above-treeline ridgeline hops; be aware that slow
presets increase airtime per message, which matters if the group is chatty

e Verify all devices in the group are on the same modem preset before departure -
mismatched presets mean devices cannot decode each other's packets

Practical Range

Real-world range varies enormously with terrain. Treat the figures below as best-case estimates
that depend on antenna, line-of-sight, and conditions:

Ridgelines and open terrain: 10 - 304+ km node-to-node is achievable only with
elevated endpoints, good antenna orientation, and clear line-of-sight

Dense forest or deep valleys: roughly 0.4 - 2.5 km is typical depending on density;
vegetation and terrain absorb and diffract the signal significantly, and deep valleys can
block it entirely

Multi-hop routing extends effective group coverage - a node at a summit can relay
messages between parties on opposite sides of a ridge

Group Use Tips

e Set a shared channel name and PSK before departure so all devices communicate on the
same private channel



e Designate one person's phone as the "base" with full power settings; others can operate
as client-only devices to save battery

e Set position update interval to 30 minutes to conserve battery - continuous GPS polling is
one of the largest power draws

e Set a descriptive long name on each device (e.g., "Alice-RED" or "Trail Lead") so messages
are identifiable without needing to look up node IDs

Pre-Trip Checklist

All devices fully charged

Shared channel name and PSK configured on every node

Modem preset verified identical on all devices

Each device has a recognizable long name with contact info
Position update interval set appropriately (30 min recommended)
Offline maps cached in the companion app on each phone

Quick test message exchange confirmed before hitting the trailhead

Emergency Position Sharing

Meshtastic position packets are available to any app with channel access, making your location
visible to all group members without any action on your part. MeshCore also transmits position in
advertisement packets received by any node in range.

Important: Mesh networking is a group coordination tool, not a rescue beacon. It is not a
replacement for a Personal Locator Beacon (PLB) or satellite communicator (e.g., Garmin inReach,
SPOT) for true emergencies. Mesh devices require another mesh node within range to relay a
message - in a genuine emergency in remote terrain, that may not exist. Carry a PLB or satellite
communicator on any serious backcountry trip.



Outdoor Use Case Guides

Skiing, Mountain Biking, and
Motorsports

Fast-Moving Group Coordination

Mesh networking works well for groups spread across dynamic environments - ski resorts, trail
systems, and off-road courses - where cellular coverage is patchy and voice radio is impractical.
Delivery is best-effort over LoRa, with no guaranteed delivery: messages and positions can be
delayed, stale, or missing where nodes are out of range. Treat it as a coordination aid, not a safety
or rescue system. Text-based mesh communication provides:

e Asynchronous messaging that doesn't require everyone to be listening simultaneously

e Position tracking on a shared map so support vehicles or guides know where riders are
(positions are periodic and may be stale)

e No ongoing subscription costs compared to satellite communicators

Ski Resort Scenario

A typical ski resort deployment looks like:

e Base node at the lodge or parking area - plugged into power, acts as a gateway if
internet access is available

e Summit repeater - many resorts already have communication infrastructure at the top;
a solar-powered or battery-backed repeater here provides coverage across the mountain

e Personal nodes on each skier - small device in a jacket pocket or pack

Coverage inside chairlift cabins and trees can be spotty - expect short message delays rather than
instant delivery. Messages sent while a node is out of range are generally lost: the mesh does NOT
automatically retry and catch up by default. Recovering missed messages requires a Store &
Forward server (an ESP32 device with onboard PSRAM running on a private channel - Store &
Forward is refused on the default public channel), and the client must then explicitly request the
missed history. Do not rely on automatic catch-up delivery.



Mountain Biking Trail Networks

Trail systems can be extended with simple infrastructure nodes:

e Small solar-powered repeater in a weatherproof enclosure mounted at trail junction kiosks
or on trees at high points

e Battery-powered repeater in a waterproof box works well for seasonal deployment - install
at the start of the season, recover at the end

e Even one well-placed repeater at a summit or ridge can dramatically extend coverage
across an entire trail system

Motorsports: Off-Road Racing and
Overlanding

Mesh networking can be used in off-road motorsports for convoy coordination and driver-navigator
communication:

e Convoy position tracking: each vehicle's position appears on the map view, letting
support vehicles follow the convoy's progress without voice radio check-ins

e Driver-to-navigator text: eliminates voice radio clutter; the navigator can send turn
notes as text while the driver focuses on the road

e Support vehicle coordination: sweep vehicles can see the full convoy spread and know
where stragglers are without repeated radio calls

Vehicle Mounting for Better Range

Handheld devices inside a vehicle cab perform poorly - the metal body acts as a Faraday cage. For
serious use:

o Magnetic-base NMO antenna mount on the roof, connected via SMA adapter to the
mesh device inside - this dramatically improves range vs. a device sitting on the
dashboard. Use an antenna tuned for the 902-928 MHz band (not a VHF/UHF whip), and
keep the coax run short and low-loss; an off-band antenna will not help and can hurt
performance.

e Route the coax through a window gap or door seal to keep the device accessible inside
the cab

e A roof-mounted antenna provides near-omnidirectional coverage with no body blockage



Device Recommendations for
Action Sports

Smaller and lighter is better for action sports use:

e LILYGO T-Echo - fits in a jersey pocket or chest pack, built-in GPS, ePaper screen
readable in sunlight. It runs on an internal, USB-C-rechargeable ~850 mAh Li-Po cell (no
AAA or replaceable cells; the battery is built in).

e T-Beam - bulkier and heavier; better for vehicle mounting than body-worn use

e Use a silicone protective case or a small dry bag for rain and mud protection

e Secure the device so it won't shift or be damaged in a crash - a chest pocket or internal
pack pocket is better than an external clip in rough conditions

Power in Vehicles

For continuous in-vehicle operation, power the mesh device from the vehicle's electrical system:

e 12V accessory socket to 5V USB adapter for any USB-C or Micro-USB device

e For permanent installations, tap a switched 12V circuit (ignition-controlled) so the device
powers off with the vehicle

e A continuously powered gateway node with internet access enables real-time MQTT
position forwarding to a server during an event



Snow Sports Applications

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



Snow Sports Applications

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,
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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.



Snow Sports Applications

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
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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.



Snow Sports Applications

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.



Cycling and MTB
Applications

LoRa mesh for mountain biking group rides, trail networks, and long-distance bikepacking.



Cycling and MTB Applications

Mountain Biking Group Rides
and Trail Networks

The Challenge of Large Group
Rides

Mountain bike group rides are inherently dispersed. On a technical singletrack trail, riders string
out over hundreds of metres within minutes of the start. By the time the lead riders reach a
junction, the tail may still be ascending the previous climb. Riders at the front have no idea
whether the back of the group has made the last turn, encountered a mechanical, or taken a wrong
trail.

Traditional solutions - waiting at every junction, shouting, or relying on mobile phones - all fail at
some point. Mobile coverage is often weak or absent in backcountry trail networks. Waiting at
every junction stalls the ride for faster riders. Shouting is limited to line-of-sight and is ineffective
on multi-directional trail systems.

Meshtastic brings low-power LoRa mesh tracking - a tool some search-and-rescue teams and
expeditions have experimented with - to recreational rides: it can show riders' last reported
positions on each other's screen where they are within mesh range. It is not standard, monitored
SAR equipment, and SAR agencies do not monitor Meshtastic for public distress.

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 or 911. Search and rescue does NOT monitor Meshtastic. Carry dedicated safety
gear; use mesh only as a supplement.

Tail-End Charlie Awareness

The most valuable use case for group rides is knowing when the last rider - "tail-end Charlie" -
completes a section. Practical workflow:



e The designated sweep rider (tail-end Charlie) carries a Meshtastic device.

e The group leader's device shows the sweep's last reported position on the map when
within mesh range.

e At regrouping points, the leader waits only until the sweep's icon arrives - no guessing, no
unnecessary waiting for riders who are already there.

e If the sweep's position stops moving for more than a few minutes mid-trail, the leader
sends a check-in message. A response via text confirms all is well; no response triggers a
turnaround.

This system requires only two devices (one sweep, one leader) to add meaningful coordination to

any group ride. With all riders equipped, the situational picture is more complete - though it
remains best-effort.

Crash Alert and Position Sharing

A rider who crashes and is unable to ride can send a pre-configured distress message with a single

button press, provided the device has a button mapped for it. The Meshtastic app allows setting up

canned messages (the Canned Message module) for exactly this scenario; note that not all nodes

support a single-press distress send. Group members within mesh range receive the message with
the sender's last reported position - delivery is best-effort and not guaranteed (broadcasts are not
acknowledged) - allowing nearby riders to divert and assist.

For riders who crash and are unconscious or unable to press a button, the last broadcast position
can provide a last-known location to searchers - but only if a recent position was successfully
transmitted and received before the incident. On dispersed canopy singletrack the last fix may be
minutes old, or never received if the node lost GPS lock or was out of range. When a usable
position exists, combining it with the trail map can narrow the search corridor compared to a verbal
description of where someone was last seen.

Fixed Nodes at Key Trail
Intersections

Major trail networks - particularly those managed by trail associations with infrastructure access -
benefit from fixed relay nodes at key intersections. Benefits:

e Extend coverage into deep valley sections where handheld-to-handheld range would be
insufficient.

e Provide named waypoint markers visible on all riders' maps - especially useful for visitors
unfamiliar with the trail system.
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e Ensure a rider's position packets are relayed even where rider-to-rider range is poor. Note
a fixed node does NOT improve the rider's own GPS fix under dense canopy - it only relays
the position the rider's own GPS computed.

Solar-powered fixed nodes at trailheads and major junctions, housed in weatherproof enclosures
attached to existing signage infrastructure, can be deployed for under $150 per node and require
maintenance only once or twice per year.

Handlebar Mounting Hardware

Mounting a Meshtastic device on a mountain bike handlebar requires balancing visibility, vibration
resistance, and protection from impact. Proven approaches:

e Bar bag with window: A small handlebar bag with a transparent top panel protects the
device and keeps it visible without adding a hard-mount point that can crack a case on
impact.

e RAM Tough-Strap mount: The RAM 1" ball mount with a strap clamp grips the
handlebar without drilling and provides a stable platform for a small RAM case or device
adapter. Rubber ball joints absorb some vibration.

e Stem bag mount: A small top-tube or stem bag is less exposed to impact than
handlebar mounting and keeps weight centred on the bike. Use with a T-Echo for its
readable e-ink display - visible through the bag window without opening it.

Vibration-Resistant Enclosures for
Bikes

Mountain bike trails generate continuous vibration with periodic large-amplitude impacts from
drops, rock gardens, and roots. Unprotected electronics are at high risk of damage and connector
failure on rough trails; a proper enclosure greatly improves reliability. Key requirements:

e Foam-lined hard case: Pelican 1010 micro case with closed-cell foam insert protects the
node from both vibration and impact. Use a properly rated waterproof cable gland or
bulkhead connector for antenna routing; a bare drilled hole voids the case IP67 rating.

e Internal rubber standoffs: Mount the PCB on rubber grommets inside the enclosure
rather than hard-mounting it to the case wall. This decouples the PCB from the case
vibration frequency.

e Secure all connectors: Hot-glue or secure with strain-relief clips all cable connections
inside the enclosure. USB micro connectors are particularly vulnerable to vibration failure.



Battery Management: Dynamo
Hub and Auxiliary Packs

Mountain bikes rarely cover distances long enough to exhaust a typical node battery in a single
ride. Runtime varies widely by hardware: a 1000-3000 mAh node with GPS active typically lasts a
full day ride, but small-battery devices with GPS on can fall short while larger-cell devices run much
longer. Battery management becomes relevant mainly on multi-day stages.

For bikepacking or multi-day enduro events:

e USB dynamo hub charger: A SON Dynamo hub with a Cing5 or Sinewave Beacon
converter produces 5 V USB at low rolling speed, keeping a small auxiliary battery topped
up throughout a long day. The Meshtastic node charges from the auxiliary pack, ensuring
continuous operation.

e Small auxiliary pack (5000 - 10000 mAh): For day rides, a compact auxiliary battery
in a frame bag provides days of Meshtastic operation and also charges phones. Keep it
inside the frame bag away from direct mud and water exposure.



Cycling and MTB Applications

Long-Distance Cycling and
Bikepacking

Cycling Through Cellular Dead
Zones

Long-distance cyclists and bikepackers regularly traverse hundreds of kilometres of terrain with no
mobile phone coverage. Classic routes - the Tour Divide, the Pacific Coast, the TransAmerica - pass
through remote river valleys, desert plateaus, and mountain passes where the nearest cell tower is
hours away. In these environments, a Meshtastic node can be one of the few communication
options that does not depend on fixed infrastructure - but mesh only works when another node is
within LoRa range. For a solo rider with no nearby nodes, the mesh has nothing to talk to; in that
case a two-way satellite communicator is the truly infrastructure-independent option.

This is not an emergency-only tool. Knowing that a riding partner a few miles ahead has stopped
for mechanical work, or that you are approaching a named waypoint with water, is useful every
hour of every day on a long route.

Friend and Family Tracking via
MQTT Gateway

Meshtastic supports forwarding position data to an MQTT broker, which in turn can feed publicly
accessible mapping services such as the community-run mesh map at map.meshamerica.com.
When a cyclist passes through a town or rural area where an internet-connected gateway node is
within LoRa range, their position can be forwarded to MQTT and become visible to anyone with the
shared map link. Note that on the default public broker, location precision is intentionally degraded
for privacy; full-precision sharing requires a custom channel/PSK and a self-hosted or configured
broker.

Setup is straightforward:



1. Enable MQTT on the device and enter the broker address (the default public Meshtastic
broker works for this purpose). Note that enabling MQTT alone does not upload your
position - your node publishes to MQTT only by way of an in-range, internet-connected
gateway node. A node with MQTT enabled but no gateway in range uploads nothing.

2. Share the map URL with family and friends before departure.

3. Position packets are forwarded to MQTT automatically by any in-range, internet-connected
gateway node - no manual action required - but coverage depends on a gateway being
within LoRa range.

Frequency of updates depends on gateway node density along the route. In populated corridors,
updates may be near-continuous. In remote sections, gaps of several hours or days are normal.
Family members should understand this is a check-in system, not a real-time tracker - for real-time
coverage, a two-way satellite communicator (e.g. inReach, SPOT) is still required.

Daily Check-In Messaging Near
Gateway Nodes

Many bikepackers use a simple daily check-in protocol: when riding near or through a town with a
gateway node, send a brief status message over the mesh. This message can reach the MQTT
network and be forwarded to a support contact at home - but only if that contact subscribes to the
same channel via an MQTT client and holds the shared channel keys. This is not automatic. The

Meshtastic app shows your own node's MQTT connection state (whether your node is connected to

a broker); it does not detect nearby gateways. When your node is reaching MQTT, a brief text
message via the app can reach anyone monitoring the same channel.

This requires no cellular data and no Wi-Fi on your end. However, gateway coverage is highly
variable - do not assume a town has a gateway. Verify route coverage in advance and treat
message delivery as best-effort: a message gets out only if an internet-connected gateway node is
within LoRa range when you send it.

Offline-Capable App Operation

The Meshtastic app caches known nodes' last-known positions, channel configurations, and recent
message history locally on the phone - it is not a complete persistent map or a full message
archive. This means the app still works offline: you can view group members' last-known positions,
send and receive messages, and navigate using downloaded offline map tiles without any internet
or cellular connection.
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Before a multi-day trip, download offline map tiles for the entire route using the app's built-in
download function. On Android and iOS, offline tiles from OpenStreetMap or other providers load
automatically when no internet is present. The mesh operates entirely over LoRa radio regardless
of internet state.

Node Mounting on Drop
Handlebars and Stem Bags

Road and gravel bikes with drop handlebars offer different mounting options than flat-bar mountain
bikes:

e Top tube bag: A small top-tube bag with a transparent window panel is the preferred
location for a T-Echo. The e-ink display is readable through the window. The bag protects
the device from road spray and light rain, and the central mounting position keeps weight
low and centred.

e Stem bag: Similar benefits to the top-tube bag; slightly further from spray thrown up by
the front wheel. Works well on bikes where the top tube geometry does not suit a bag.

o Bar bag outer pocket: A small zippered outer pocket on a handlebar bag is accessible
without dismounting on a flat road section. Less ideal in wet conditions unless the pocket
is waterproof.

Avoid mounting the node or its antenna inside a bag packed with damp gear - wet camping
equipment absorbs RF and will reduce effective range. The antenna should be positioned with a
clear line toward the sky, even if the node body is inside a bag.

Solar Charging from a Rear Rack
Panel

A 5-10 W flexible solar panel lashed to a rear rack and pointed skyward provides a steady trickle
charge to an auxiliary battery throughout the riding day. With adequate sun, even partial cloud
cover and non-ideal panel angles can produce enough current to offset Meshtastic's modest
consumption. Typical active draw is roughly 30 - 130 mA depending on the device, GPS duty cycle,
display, and TX rate; treat 50 - 80 mA during active GPS operation as a rough midpoint.

Practical setup:

e 5 W panel (e.g., SunPower flexible, 330 mm x 180 mm) attached to the top of rear rack
with hook-and-loop straps.



e A solar lithium charge controller with input current limiting (e.g., the Adafruit Universal
USB/DC Solar Lithium Charger or equivalent - note this is a current-limiting charger, not a
true MPPT controller) connected to a 10 Ah lithium battery pack in the rack bag.

e Node powered from the battery pack via USB.

With adequate sunlight, the panel can keep the auxiliary battery topped up; a 10 Ah pack gives a
few days of reserve at typical node draw in overcast conditions.

Realistic Range Expectations:
Moving vs. Stationary

Range while cycling is meaningfully different from stationary operation. The figures below are
approximate and depend heavily on antenna, terrain, and line of sight:

e Stationary on a ridge or elevated location: approximately 5 - 15 km to another
stationary node in open terrain (best case, with line of sight).

e Moving at road level in flat terrain: roughly 1 - 3 km, limited mainly by terrain and the
low antenna height of a road-level node.

e Moving in hilly terrain: Highly variable; roughly 200 m around a dense hill to 3 km on a
ridgeline traverse.

e Node to node via fixed relay on a hilltop: Relay nodes dramatically extend practical
coverage; a single well-placed relay can cover a 10 km valley that would otherwise have
multiple dead zones.

For bikepacking, the most useful mental model is: assume the mesh works reasonably when you
are within 2 - 3 km of another active node, treat anything beyond that as a bonus, and do not rely
on the mesh as a sole safety system on a remote solo route. Use Meshtastic for coordination and
awareness; carry a PLB or satellite communicator for emergency signalling.



Water Sports and Paddling

LoRa mesh for kayaking, canoe expeditions, sailing, and coastal cruising.



Water Sports and Paddling

Kayaking and Canoe
Expedition Communications

Communication on Multi-Day River
and Coastal Expeditions

A multi-day paddling expedition presents a communications challenge that most other outdoor
pursuits do not: the group is spread across a linear corridor with no practical ability to cut across
terrain to regroup. On a river, there is no shortcut. If the lead boats are three bends ahead of the
sweep boat, those three bends of dense riparian vegetation provide complete visual and acoustic
isolation. Even powerful VHF radios struggle in winding river valleys where there is no line of sight
between boats.

Meshtastic can help in this environment. Note that 915 MHz is a higher frequency than VHF (30-300
MHz), so it actually attenuates more through riparian vegetation and diffracts less around terrain -
it does NOT "propagate better" than VHF on physics alone. LoRa's real advantage is its high
spreading factor (processing gain): it decodes weak signals far below the noise floor at very low
data rates, holding a link where a VHF voice radio would be unusable. Marine and land VHF also run
far higher transmit power than the ~1 W Part 15 cap on 915 MHz. Position sharing allows the lead
paddler to see the sweep's last-reported position and gauge how far back the group is spread.
These position updates are best-effort and may be stale or missing when no relay is in range, so do
not rely on them as the sole safety information for scouting rapids or managing portages - confirm
visually or by voice for any safety-critical decision.

Waterproofing LoRa Hardware for
Paddling

Essential requirement: All electronics used in kayaking and canoeing must be treated as if
they will be submerged. Splashing, rain, capsize, and accidental submersion are not edge



I cases on paddling expeditions - they are routine. Budget accordingly.

Submersible Dry Bags

A submersible dry bag (rated to a submersion depth of 3 m or more) provides the simplest and
most reliable waterproofing for any Meshtastic device. (Dry bags are rated by submersion depth,
not an IP code; reserve IP67/IP68 ratings for rigid electronics enclosures.) Keep the device in the
dry bag inside the cockpit or hull. The bag can be opened briefly to check the screen, then
resealed. A window-type dry bag with a clear transparent front allows reading a T-Echo's e-ink
display without opening the bag.

Pelican Cases

A Pelican 1010 or 1020 micro case provides IP67 waterproofing with rigid impact protection in its
undrilled, factory-sealed state. Important: drilling a cable port voids the IP67 rating unless it is
sealed with a proper IP67/IP68-rated cable gland (a plain grommet is NOT sufficient and will let
water in on immersion). If you add an external antenna, use a rated gland and pressure/leak-test
the case before trusting it on the water. For reliable immersion protection, prefer an undrilled case
with an internal antenna. Attach the case to a thigh brace or deck rigging with a short tether so it
cannot be lost during a capsize.

Fully Sealed Nodes

For fixed relay nodes mounted on the outside of a boat - such as a node on a sea kayak deck or an
open canoe thwart - a fully sealed build is required. Using a RAK WisBlock module with a
waterproof antenna pig-tail routed through an IP68-rated cable gland into a sealed PVC junction
box provides a robust installation. Conformal coat all exposed PCB surfaces before final sealing.

Mesh as a Safety Net
Supplementing PLBs

Personal Locator Beacons (PLBs) are one-way distress devices: they transmit a 406 MHz distress
signal to the COSPAS-SARSAT satellite network when activated. They do not allow two-way
communication, position sharing between group members, or any form of coordination. They are
activated only as a last resort and require SAR to respond.

Meshtastic fills the day-to-day communication layer that PLBs do not address (as a best-effort
supplement, never a replacement for a PLB or satellite messenger):



e Group position awareness throughout the day (best-effort; positions can be stale or
missing).

e Short text messaging between boats without radio protocol.

e Route logging for post-incident reference (only positions that reach a gateway are
logged).

Note: Meshtastic has NO built-in automatic man-overboard or "boat stopped moving" alert. There is
no motion-cessation feature; any such alerting would require custom scripting or integration and
must not be relied upon for safety.

Every paddler on a serious expedition should carry both: a PLB for the ultimate emergency signal,
and Meshtastic for day-to-day coordination and situational awareness.

Practical Range in River Valleys

River valleys are mixed RF environments. Straight sections with low vegetation provide good
propagation; tight meanders with dense willows and alders attenuate signal significantly. The
figures below are approximate field estimates that vary widely with LoRa preset, antenna, and
conditions:

e Straight river section, open banks: roughly 1.5 - 4 km node-to-node (approximate).

e Meandering section, dense riparian vegetation: roughly 300 - 800 m around a single
bend (approximate).

e Relay node on a high bank or river island: can extend range to roughly 2 - 5 km from
the relay point in both directions (approximate).

e Open coastal paddling (sea kayak): roughly 3 - 8 km in calm conditions
(approximate); range degrades with wet conditions and sea spray near low-mounted
antennas.

Planning Relay Node Positions

For long multi-day river expeditions, plan relay node placements at:

e Major river islands that provide elevation above the riverbank.

e High cut banks where the river has eroded a clear elevation advantage.

e Established campsites where a fixed node can be left for the duration of the trip and
collected at the takeout.



Hardware Recommendation: T-
Echo for Water Use

The LilyGo T-Echo is a strong option for paddling applications:

e E-ink display: Readable in direct sunlight on the water, where glare renders conventional
LCD/OLED screens unreadable without cupping your hands around them. On the water,
you cannot cup your hands around a screen - you need both hands for the paddle.

e Sealed, compact form factor: The T-Echo fits easily in a chest pocket of a paddling
jacket or inside a deck bag. Its low-profile design does not snag on spray skirts or interfere
with paddle strokes.

e Battery life: Runtime with continuous GPS varies widely; expect roughly 8-20 h from the
internal ~850 mAh cell depending on GPS and broadcast settings (less in cold). Carry a
small USB power bank for multi-day trips. Note the cell is internal and USB-C rechargeable
- there is no AAA option.

Even with the T-Echo's inherent compactness, always carry it in a waterproof bag or case. The T-
Echo is water-resistant but not waterproof to immersion depth; a capsize in class lll+ water will
exceed its splash rating.



Water Sports and Paddling

Sailing and Coastal Cruising

Cross-Reference: Offshore and
Bluewater Sailing

Comprehensive coverage of LoRa mesh for offshore and bluewater sailing - including AIS
integration, mast-mounted antenna installation, SSB radio coexistence, and long-passage MQTT
gateway strategies - is provided in the Use Cases book under the Maritime Operations chapter. This
page focuses on recreational day sailing, fleet racing, and harbour approaches where different
constraints apply.

Mesh is a coordination tool, not a marine safety system. Meshtastic is best-effort -
messages may not get through, and positions can be stale or missing. It does NOT replace
marine VHF (Channel 16 distress/DSC), an EPIRB, AlS, a PLB/satellite messenger, or 911. The
Coast Guard and search and rescue do NOT monitor Meshtastic. Carry dedicated marine
safety gear; use mesh only as a supplement for routine, low-urgency coordination.

Day Sailing and Recreational Fleet
Use

A Saturday afternoon race fleet of twenty boats benefits from Meshtastic in ways that differ from
an offshore passage. Distances are short, conditions are variable, and the communication needs
are primarily coordination rather than emergency signalling.

Start Line to Finish Line Coordination

Race committee boats equipped with Meshtastic nodes can broadcast fleet-wide messages - course
changes, postponement signals, and finish line positions - to fleet boats in mesh range. Boats relay
the message through the mesh so boats at the far end of the course can receive it (delivery is best-
effort and depends on relays being in range), without requiring every boat to monitor a VHF
channel attentively.



Pre-race, the course marks can be entered as named waypoints and shared across the fleet,
providing an on-screen map of the racecourse that updates as mark boats move into position.

Fleet Position During Races

Position sharing during a race provides a tactical picture that adds to, not replaces, visual
observation. Boats that duck behind a headland and disappear from the committee boat's sight
may remain visible on the mesh map (when a relay path exists; positions are best-effort and can be
stale or missing). This can be a low-cost supplement for multi-leg offshore race tracking, but it is
range- and relay-limited and is NOT a replacement for a dedicated AIS or transponder system,
which transmit continuously and are designed for vessel tracking and collision avoidance.

Racing rule consideration: Check your racing class rules before using position-sharing
devices for tactical purposes during a race. Some classes prohibit electronic position data on
instruments during racing. Mesh use for safety and fleet management is generally unaffected.

Harbour Approach Coordination

Returning to a crowded harbour in fading light, following a race fleet or a club rendezvous, involves
competing for fairway and dock space with many boats. A mesh message from the harbour
master's dock to the approaching fleet - "slips 14 - 20 available, raft to dock B" - can reach boats in
mesh range at once without tying up VHF channel 16.

Meshtastic's text messaging capability is well-suited to this low-urgency, high-information-value
use case. It does not interfere with VHF radio use for safety calls and allows longer messages than
are practical on voice radio. Note: VHF channel 16 remains the required distress and calling
channel; mesh handles only routine, low-urgency coordination.

Antenna Placement on Small Boats
Without a Tall Mast

Offshore and cruising vessels benefit from mast-mounted LoRa antennas at 10 - 15 m elevation,
which improves range substantially over a low-mounted antenna (specific figures are community-
anecdotal and depend on LoRa preset, antenna, and conditions). Small day sailors and racing
dinghies cannot do this. Practical options for low-freeboard small boats:



e Stern rail mount: A 1/4-wave whip antenna on a stainless steel stern rail bracket at 1 -
1.5 m above the waterline. This is the most common and practical solution. Range from
this height is roughly 2 - 5 km in racing conditions as a rough estimate - actual range
varies widely with LoRa settings, antenna, and sea state.

o Backstay routing: On sloop-rigged boats with a backstay, a semi-flexible whip can be
secured alongside the backstay with UV-stable cable ties, raising the antenna effective
height (on the order of 5 - 8 m, approximate). This can improve range, but note that a
metal backstay close to the whip can detune the antenna and distort its radiation pattern
- keep some separation and test before relying on it.

e Handheld device in cockpit: For racing and day sailing, simply keeping the device in
the cockpit - not stowed below decks - provides adequate performance. A crew member's
chest pocket is roughly 1.5 m above water level; expect a rough 2 - 4 km range in open
water, noting that a body close to the antenna absorbs RF and reduces body-worn range.

Waterproofing for Spray, Salt, and
Immersion

The marine environment is uniquely hostile to electronics. Salt spray is electrically conductive and
corrosive; even "waterproof" devices fail over time when salt crystals accumulate in seals and
degrade gaskets. Requirements for sustained marine use:

e IP67 minimum for deck-mounted hardware: IP67 indicates 30-minute immersion to 1
m. For spray and rain protection this is adequate; for repeated immersion in rough
conditions, budget for IP68 or a secondary dry bag.

o Fresh water rinse after every salt water exposure: Rinse all deck-mounted nodes
with fresh water after each sailing session. Salt crystal accumulation is the primary failure
mode for marine electronics, even sealed ones.

e Conformal coating on antenna connections: PL-259 and SMA connectors exposed to
salt air oxidise rapidly. Coat connector threads with Lanoline or a marine-grade corrosion
inhibitor; conformal-coat the PCB antenna pads inside the enclosure.

e T-Echo in a window dry bag: For crew-carried devices during racing and dinghy sailing,
an inexpensive window dry bag (submersible-rated) gives strong protection at low cost
(typically well under $20, as of 2026-06-08). Replace annually; UV and salt degrade dry
bag welds faster than most users expect.

Range Expectations on the Water

Open water is the best propagation environment for LoRa. Without terrain obstacles, a low-
mounted antenna can reach an estimated 5 - 15 km (this is an estimate dependent on LoRa preset
and conditions, not a guaranteed figure). With a mast-top antenna, 15 - 40 km is documented by



the community in best-case line-of-sight reports. Note that the radio horizon limits any single hop:
it is roughly 4.12 x the square root of the antenna height in metres (in km), so elevation on both
ends is what enables the longest links. Key factors:

e Rain has negligible effect on 915 MHz range. Real degradation in rough weather comes
from wave crests and wet conditions blocking the path to low-mounted antennas, not the
rain itself.

e Dense fog has minimal effect on 915 MHz.

e Other vessels between nodes do not significantly attenuate signal unless they are metal-
hulled large ships directly in the path.

e On protected waters (harbours, estuaries), nearby structures and moored vessels create
multipath that reduces range compared to open ocean.



Hiking and Backpacking



Hiking and Backpacking

LoRa Mesh for Hiking Groups

Keeping Your Party Connected on
the Trail

Traditional hiking communication relies on staying within shouting distance or waiting at
predetermined waypoints. LoRa mesh networking via Meshtastic gives every member a low-power,
subscription-free, infrastructure-free radio link. Its long-range modulation tolerates weak signals far
better than Bluetooth, and unlike cellular it needs no towers. Range still depends on line of sight;
dense terrain and tree cover reduce it.

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 or 911. Search and rescue does NOT monitor Meshtastic. Carry dedicated safety
gear; use mesh only as a supplement.

Core Use Cases

Position sharing: Each node broadcasts GPS coordinates at a configurable interval. All
party members see each other's last reported position on the Meshtastic map; updates
are interval-based and best-effort, so a position can be stale or missing.

Waypoint drops: Water sources, hazards, campsites, and trail junctions can be pinned
and shared as named waypoints visible to everyone on the mesh - no cellular required.
Text messaging: Short messages relay across the mesh automatically. Useful for
coordinating rest stops, summit timing, or trail conditions.

Alert signaling: Meshtastic supports an emergency/alert broadcast that flags a help
message to the whole mesh, but it is not a monitored emergency service and there is no
dedicated emergency channel. A node with internet backhaul at the trailhead could uplink
an alert via MQTT, but this is a best-effort, self-built relay - it requires a configured
internet-connected node and custom MQTT automation, reaches only your own monitored
channel/contacts (never SAR or 911), and is not an emergency service. Real emergencies
still require a PLB/satellite messenger or phone.




Comparison with Alternatives

Device Weight Monthly Cost Two-Way Text Position Share SOS
Meshtastic T- ~120-130¢g $0 Yes (mesh) Yes No (mesh alert
Echo (cased, w/ only; not a

battery) distress service)
Garmin inReach 100 g From ~$15/mo Yes (satellite) Yes Yes (dedicated)
Mini 2 (plus one-time
~$40 activation;
higher tiers
exceed $50)
Personal Locator ~904¢g $0 (registration No No Yes (one-way)
Beacon (PLB) only)
Satellite Phone 200-300 g $50-$100+ Yes No (manual) Yes
(approx, varies (approx, plan-
by model) dependent; verify

current pricing)

Meshtastic excels as an intra-party coordination tool. It has no satellite SOS - the two product
categories are not equivalent safety tools. For true SOS capability, carrying a PLB or satellite
messenger alongside Meshtastic is recommended for remote trips beyond easy rescue range.
(Pricing as above is approximate and volatile; verify current Garmin/sat-phone pricing at time of
reading.)

Recommended Configuration: LongFast
Preset

Use the LongFast modem preset (long range, medium speed). This prioritises range and battery
life over throughput, which is appropriate for hiking where messages are short and infrequent.

e GPS broadcast interval: 5-10 minutes while moving; 30 minutes when stationary

e Channel: Set a custom PSK shared across all party devices before departing

e Role: CLIENT for all party nodes; CLIENT or ROUTER_LATE for any dedicated relay placed
at a high point (the ROUTER role is deprecated as of firmware 2.7.11)

Battery Life

The LilyGo T-Echo has an internal ~850 mAh Li-Po cell charged over USB-C (there is no AAA
option and the cell is built-in, not user-removable). Expect roughly a day of active-GPS runtime,
more at low duty cycle and much less in cold; the E-Ink display draws near-zero power when static.
For weekend backpacking trips a shared 10,000 mAh power bank is sufficient for the entire group;



longer trips need charging access.

Weight and Cost Advantages

The cased T-Echo (~120-130 g with battery) is comparable in weight to a Garmin inReach Mini (100
g) and fits in a hip belt pocket for quick access. No subscription fee means a 10-person hiking club
equipped with T-Echo devices (current street price typically ~$60-85 each as of 2026-06-08)
makes a one-time investment with zero ongoing cost, versus roughly $150-$500/month for an
equivalent number of inReach subscriptions. Note that the lower cost reflects that Meshtastic
provides no satellite SOS - the two are not equivalent safety tools. Verify current device and
subscription pricing at time of reading.



Hiking and Backpacking

Setting Up Trail Relay Nodes

Extending Mesh Coverage with
Fixed Relay Nodes

Valleys, forest canopy, and steep ridgelines all attenuate LoRa signals. A solar-powered relay node
placed at a trailhead, ridge saddle, or summit can extend the useful range of a hiking group,
helping bridge the gap between a party in a canyon and a vehicle-mounted node at the parking
area. Coverage extension is best-effort and depends on siting and line of sight; a relay is not a
guaranteed emergency link.

Siting Principles

Elevation: A ridge saddle or summit node can see both sides of a mountain, relaying
between two groups that have no direct line of sight.

Solar exposure: South-facing orientation (northern hemisphere). Avoid positions shaded
by rock faces in the afternoon.

Wind: Exposed summits require robust enclosures. Low-profile nodes strapped to cairns
survive better than tall masts on windswept passes.

Drainage: Avoid topographic low points where condensation pools. Enclosure drain holes
should face downward.

Recommended Hardware

For unattended outdoor relay use, a RAK WisBlock or Heltec V3 in an IP67-rated enclosure is a
practical choice. As an approximate starting point, a 6W solar panel with a 3.7V 2000-4000 mAh
LiPo can sustain a low-power relay through the day in many US latitudes from roughly April through
October - but actual sizing depends on node duty cycle, current draw, insolation, and shading, so
build a power budget for your specific load rather than treating these figures as guaranteed. In
winter, battery sizing must account for short day length and reduced panel efficiency. Use a
Hammond 1554 polycarbonate box with a cable gland for the antenna feedthrough; apply
conformal coating to the PCB.



Case Study: Mount Whitney Corridor

The Mount Whitney Trail in California presents a classic coverage challenge. The trailhead at
Whitney Portal has cell coverage; the upper mountain does not. A relay node on Trail Crest (~4,160
m / 13,645 ft) can extend coverage across much of the upper mountain, though a single relay will
not reliably cover the entire upper mountain given the intervening ridges and complex high-alpine
terrain. If it relays to a MQTT-connected node at the portal parking area, summit parties may gain a
best-effort path to reach emergency contacts via the internet - this is not guaranteed and must not
be relied upon for emergencies (carry a PLB/satellite messenger). Community members have
discussed similar deployments on PCT sections in the Sierra Nevada and Cascades, but
documentation of specific maintained installations is limited; treat such reports as anecdotal unless
a firm source is available.

Permissions and Leave No Trace

Fixed installations on public land require coordination with the land management agency:

e National Forest: Fixed installs generally require a Special Use authorization under 36
CFR 251 Subpart B. There is no general exemption for leaving unattended infrastructure
on federal land - requirements vary by forest and district, so contact the local district
ranger before deploying anything.

e National Parks: Written authorization from the Superintendent is required, and Parks are
stricter. SAR coordinator endorsement significantly helps the application.

e LNT: Use existing structures where possible. Do not drive stakes or anchors into rock.
Remove all hardware at the end of the season unless a multi-year authorization is in
place.

Mounting to Existing Infrastructure

With ranger permission, trail sign posts, trail register boxes, and established marker posts are ideal
mounting points. Use stainless steel hose clamps or ratchet straps - no permanent fasteners. Paint
enclosures brown or forest green to reduce visual impact. Photograph the installation for permit
documentation and end-of-season removal verification.

Node Configuration: Relay Role

For a dedicated relay, use the ROUTER_LATE role on current firmware (the ROUTER role has been
deprecated as of firmware 2.7.11 because misuse caused rebroadcast collisions and premature hop
consumption). The role changes the node's rebroadcast and priority behavior - it does not change
transmit power. TX power is configured separately under LoRa config, so set it explicitly there.
Disable Bluetooth unless local configuration access is needed. Set the hop limit to 3 or 4 to allow



messages to traverse the relay without flooding the mesh.



Hiking and Backpacking

Search and Rescue
Integration

Meshtastic in Search and Rescue
Operations

Search and Rescue teams operate in exactly the environments where cellular infrastructure fails:
remote canyons, dense forest, cliff bands, and high alpine terrain. LoRa mesh via Meshtastic can
provide a lightweight, rapidly deployable, best-effort, supplementary communications layer that
complements existing SAR tools and can improve situational awareness for field teams and
command staff. It complements - but does not improve the life-safety reliability of - licensed SAR
radio, and must never replace it.

Best-effort caveat: Meshtastic is best-effort with no guaranteed delivery - messages and
positions can be delayed, stale, or missing, and coverage requires powered nodes in RF range.
SAR does not monitor Meshtastic by default. Use it only as a supplement to the incident's
licensed radio system, PLBs/satellite messengers, and established ICS procedure.

Subject Tracking

Passive subject tracking works only under narrow preconditions: the missing subject must be
carrying a pre-configured Meshtastic node, set to the team's channel, with position enabled, AND
be within RF range of a team or relay node. This is a rare precondition, not a general SAR capability
- most lost subjects are not carrying such a device. When those conditions are met, GPS position
packets transmitted at the configured interval can appear on team members' maps and help
narrow the initial search area - but packets are best-effort, not guaranteed, and absence of a
position does not mean absence of a person. Teams may consider distributing pre-configured
nodes (Heltec V3 at ~$20 each, as of 2026-06-08) to high-risk populations such as elderly day
hikers, youth groups, and solo adventurers on challenging routes - but only as a supplemental aid,
never as a substitute for a PLB or satellite messenger for high-risk individuals.



Team Member Position Sharing

Unified Command loses situational awareness as searchers fan into terrain. Meshtastic can
maintain a map of equipped team members that are within mesh range. The Incident Commander
at the Command Post can see field teams that are reachable on the mesh without requiring radio
calls, reducing channel congestion and aiding tactical reassignment. Note that position updates are
best-effort, and teams that move out of mesh range will not appear - do not treat presence (or
absence) on the map as proof of a team's status; confirm by radio per ICS procedure. Each team
member carries a node set to CLIENT role with GPS enabled; the CP runs a node connected to a
laptop running the Meshtastic Python CLI or a mapping application.

Command Post Communications

In areas without cell coverage, the CP can relay Meshtastic traffic to outside incident management
via a satellite uplink (Iridium modem, Starlink terminal) connected to an MQTT broker. Field teams
communicate via LoRa mesh, the CP aggregates data, and the EOC sees position updates over the
internet (as received - best-effort, not guaranteed real-time). MQTT forwards only to subscribers of
that broker/channel; it does not alert any agency that is not subscribed. Configuration requires a
device in MQTT gateway mode pointing to a private broker.

Integration with CalTopo and SARTopo

Meshtastic waypoints and position history can be exported via the Python API or third-party tools
and imported into CalTopo as GPX files. The workflow: connect a laptop to the CP node via USB or
Bluetooth, run a logging script writing received position packets to a GPX track file, import the GPX
into the active CalTopo map every 15-30 minutes, then annotate and share with wider incident
management.

Unified Command Considerations

When a mesh operates alongside traditional radio nets, document the channel PSK in the Incident
Action Plan communications annex. Designate COML responsibility for mesh infrastructure. Treat

the mesh as a supplementary data and messaging layer - not a replacement for ICS radio. Do not
allow the mesh to substitute for primary command communications.

Training SAR Volunteers

Training should cover device power-on, channel verification, GPS status check, and basic
messaging. A 30-minute tabletop exercise followed by a field practicum simulating a lost-hiker
scenario achieves operational proficiency. Keep laminated quick-reference cards in each node go-



bag. The Meshtastic Android and iOS apps require a smartphone with Bluetooth; verify volunteers
have compatible devices or carry a standalone node with E-Ink display for message reading without
a phone.

SAR Go-Bag Node Kit

1x Meshtastic node (T-Beam or T-Echo) pre-flashed and configured with team PSK
1x 10,000 mAh USB power bank

1x USB-C cable

1x 915 MHz quarter-wave whip antenna (if external antenna port available)

e 1x laminated QR code linking to team Meshtastic channel config

1x laminated quick-reference card (power on, channel check, SOS procedure)

Store kits in Pelican 1010 micro cases. Rotate power banks into charging after every deployment.
Assign one kit per field team and two to the Command Post.
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Marine and Water Recreation

LoRa Mesh for Boating and
Kayaking

LoRa Mesh Communications in the
Marine Environment

The marine environment is simultaneously ideal for LoRa propagation and deeply hostile to
electronics. Salt spray, humidity, UV exposure, and submersion risk demand careful hardware
selection and installation practice. When properly deployed, Meshtastic mesh nodes on boats and
kayaks deliver exceptional range and reliable communication for flotillas, cruising groups, and
multi-vessel expeditions.

Propagation Advantages on Open Water

Open water is among the best environments for LoRa propagation. Without terrain obstacles, 915
MHz signals travel in an almost unobstructed line to the radio horizon. A node at deck level (1-2 m)
achieves a radio horizon of roughly 5 km. A node at the masthead of a 12-metre sailboat (mast
height ~15 m) extends the horizon to approximately 16 km (4.124 x v15) to sea level; because
node-to-node range is the sum of both antennas' horizons, a masthead-to-masthead link between
two such boats can be considerably longer. Practical ranges of 10-30 km are achievable between
vessels in calm conditions, but only when both antennas are elevated (masthead-mounted) and the
path is clear; deck-level handheld nodes will see far less. Range degrades in heavy chop when
wave crests periodically block the signal path, but multi-hop relay via intermediate vessels in the
flotilla maintains fleet-wide coverage.

Marine Environment Hardware

Enclosures: All electronics should be housed in IP67-rated or better enclosures. Pelican cases,
Hammond polycarbonate boxes with foam gaskets, or purpose-built marine electronics enclosures
are appropriate. Apply conformal coating (e.g., MG Chemicals 422B) to all exposed PCBs. Use
marine-grade stainless or anodised aluminium hardware for all external mounting.



Antenna selection: Stock PCB antennas on most Meshtastic hardware are inadequate for marine
deployment. Options include:

e Fiberglass marine whip (915 MHz): 3 dBi gain, UV-stable fiberglass radome, stainless
base. Mount on a rail bracket or backstay. Commercially available from vendors such as
Taoglas and Linx Technologies.

e Stainless rail bracket: Many boaters mount both VHF and LoRa antennas on a stern rail
bracket. LMR-200 is relatively lossy at 915 MHz (roughly 0.4-0.55 dB/m), so a very short
(<1 m) run keeps losses acceptable; for anything longer, use a lower-loss coax such as
LMR-240 or LMR-400.

Power: Connect to the 12V house bank via a fused spur with a DC-DC step-down converter. Peak
draw is device-dependent but typically well under 500 mA for a single node (some ESP32 boards
transmitting at full power with GPS/WiFi active can spike higher); a 1A fused circuit is sufficient for
any single node. Check the specific board's datasheet.

AIS Relationship

AIS (Automatic Identification System) is a key position-reporting and situational-awareness aid for
vessels in navigable waters; it supplements, but does not replace, the visual lookout and radar that
are the primary means of collision avoidance under the COLREGs (the USCG states AIS should
never be solely relied upon for collision avoidance). LoRa mesh does not replace AlS, marine VHF
(Ch 16/DSC), or an EPIRB. The systems are complementary: AIS reports position to all nearby
vessels and Vessel Traffic Services; LoRa provides private messaging and coordinated position

sharing within a defined group. LoRa operates in the 915 MHz ISM band, entirely separate from the
VHF marine band (156-174 MHz), with no regulatory conflict or interference risk.

Kayak Installations

A T-Echo or Heltec V3 in a small waterproof case can be mounted on the deck with RAM mount
hardware or bungeed to deck rigging. A short external whip antenna epoxied into a cable gland on
the case lid significantly improves range over a buried PCB antenna. For sea kayak expeditions,
some paddlers integrate the node inside a transparent waterproof deck bag, allowing the E-Ink
display to be read without opening the bag.

Recommended Marine Configuration

e Modem preset: choose based on traffic and range needs, not vessel count - use a faster
preset (e.g. MediumFast/LongFast) when many nodes or frequent traffic risk channel
congestion, and a slower preset (e.g. LongSlow) only when maximum range is needed and
added delay is acceptable

e GPS broadcast interval: 2-5 minutes underway; 15 minutes at anchor


https://wiki.meshamerica.com/books/getting-started/page/the-915-mhz-ism-band

e Role: CLIENT on each vessel; ROUTER_CLIENT (deprecated; use ROUTER or REPEATER
instead) on any vessel that is anchored and can serve as a relay
e Channel: Custom PSK shared with all vessels at the pre-departure check-in



Marine and Water Recreation

Fleet Coordination on the
Water

Coordinating Multi-Vessel Groups
with Meshtastic

Whether managing a sailing club race, leading a kayak tour, or keeping a cruising rally cohesive
across an anchorage, coordinating multiple vessels has traditionally required constant VHF radio
chatter, pre-agreed schedules, and visual sighals. Meshtastic mesh networking reduces radio
congestion, enables passive position awareness, and keeps groups connected without requiring
constant active communication.

44 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 does
NOT replace marine VHF (Ch 16 distress / DSC), an EPIRB, a PLB, or AlS. Search
and rescue and the Coast Guard do NOT monitor Meshtastic. Carry dedicated
marine safety gear; use mesh only as a supplement.

Sailing Club Racing

e Start line communication: The Race Committee vessel carries a mesh node. Signals,
postponements, and course changes are sent as text messages received by competing
boats within mesh range without occupying the race channel.

e Fleet position display: Spectator boats and coach vessels see the entire fleet on the
Meshtastic map. A coach can identify a struggling boat without VHF interruption.

o Safety check-ins: At the end of offshore races, each finisher can send a check-in
message. Mesh check-ins can supplement, not replace, VHF roll call - treat a missing
check-in as a possible comms failure and follow up via VHF / established safety procedure
rather than assuming a boat is accounted for.



Kayak Tour Groups

A commercial kayak tour operator leading 8-12 paddlers over open water faces the challenge of
communication between a lead guide and a sweep guide, neither of whom can easily use a VHF
handset while paddling. Meshtastic on waterproofed deck-bag nodes allows:

e Lead-to-sweep text: "Rounding the point, group spread 500 m, holding for rest stop."

e Position tracking: The sweep guide can see the lead guide's last reported position even
around a headland without visual contact (subject to mesh range and best-effort delivery).

e Emergency: A capsized-guide SOS reaches other group members and, if an internet-
connected (MQTT) node happens to be in range, only people monitoring that private
channel - NOT the Coast Guard or SAR. MQTT forwards only to subscribers of that
broker/channel; it is not a distress mechanism and does not summon outside rescue. For a
real water emergency use a VHF DSC distress call, EPIRB, or PLB. Mesh is not a distress
service.

Cruising Rallies

A cruising rally of 15-20 boats uses mesh for safety coordination outside the net schedule:

e Night watches: Positions update on an interval (e.g. every 5 minutes). Periodic position
updates aid general fleet awareness and cohesion. They are NOT a collision-avoidance
system - vessels move significantly between updates and packets can drop. Maintain a
proper visual / radar / AIS watch per COLREGs.

e Arrival sequencing: The lead boat sends waypoints for the anchorage and available
depth. Following boats plan their approach without clogging the SSB net.

e Social channel: A secondary Meshtastic channel (separate PSK) serves as social chat,
keeping the primary safety channel clean.

Dinghy Rescue Coordination

When a dinghy capsizes in a sailing regatta, multiple rescue boats may respond. A Meshtastic node
on the committee boat and each rescue vessel can help the RC direct the closest rescue boat
without radio congestion - as a coordination aid that supplements, not replaces, VHF for rescue. If
the capsized boat's node was broadcasting position and its last packet was received, that last-
known position may appear on rescue vessel maps - particularly useful in poor visibility or heavy
wind noise that makes VHF difficult - but it may be stale or unavailable if the node was lost or
submerged on capsize. Keep VHF as the primary distress and coordination channel.



Example Configuration: 10-Boat Sailing
Club

An example configuration suitable for a ~10-boat club might be:

e Hardware: 10x Heltec V3 nodes in waterproof enclosures, mounted on stern rails with 3
dBi marine whip antennas, connected to 12V house bank

e Meshtastic preset: LongFast, custom channel "CLUB" with PSK distributed at the season
briefing

e GPS interval: 3 minutes underway

e Shore relay: One Heltec V3 on the clubhouse rooftop (set to CLIENT or ROUTER_LATE;
the dedicated ROUTER role is deprecated as of firmware 2.7.11) with MQTT enabled,
bridging to the club's Telegram group for race results

e Total cost: Approximately $600 hardware, zero ongoing subscription cost

e Training: 1-hour orientation at season start; new members pair phones and verify
channel access

Limitations and Best Practices

Meshtastic is not a substitute for VHF DSC distress calling, EPIRB, AlIS, or a PLB. Position it as an
enhancement to existing safety equipment, not a replacement. Note that AIS itself is not the
primary collision-avoidance tool - per USCG/COLREGSs a proper visual and radar lookout is primary
and AIS should never be solely relied upon. Range varies with conditions: wave-obscured horizons
temporarily reduce range for low-mounted nodes, and multi-hop via other fleet vessels only helps
when a powered relay node is actually in range. Always verify all fleet nodes are communicating at
the pre-departure check-in before leaving the dock.



Winter Sports and Ski Patrol



Winter Sports and Ski Patrol

Ski Patrol and Mountain
Safety Applications

Meshtastic for Ski Patrol and

Mountain Safety Operations

Ski patrols operate across complex 3D terrain where radio shadow zones, terrain park features,
tree areas, and cliff bands create communication dead spots. Fixed repeater nodes on lift towers
combined with Meshtastic nodes worn by each patroller provide a best-effort position-awareness
and short-text coordination layer that can help fill gaps in voice coverage. It is not self-healing in
the routing sense and does not guarantee delivery: Meshtastic is managed-flood and best-effort, so
messages can be delayed or dropped in shadow zones. Mesh SUPPLEMENTS - it never replaces -
the patrol's own licensed VHF/UHF voice radio system, which remains the primary dispatch
channel.

44 Mesh is a coordination tool, not a rescue or dispatch system. It is best-
effort - messages may not get through, and positions can be stale or missing.
Patrols dispatch on their own licensed voice radio; mesh is a supplemental
passive-awareness layer only. It is NOT a substitute for a 457 kHz avalanche
beacon, a PLB/satellite messenger, or 911. Search and rescue does NOT monitor
Meshtastic.

Patrol Dispatch and Incident Response

When a patroller responds to an injury, the first action at the scene is reporting location and
preliminary assessment to dispatch over the patrol's primary voice radio. As a supplement,
Meshtastic can send a GPS position pin plus short text toward on-duty patrollers and the patrol
room - delivery is best-effort and may be delayed or fail in shadow zones, so it does not replace the
voice report. When it does arrive, dispatch sees the position plotted on a map overlay, which can


https://wiki.meshamerica.com/books/outdoor-recreation/page/ski-patrol-and-mountain-safety
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help route the second responder and toboggan team without the first responder describing their
location verbally - a useful aid where run names are ambiguous or the responder is off-trail.

Lost Skier Tracking

A lost skier who carries a Meshtastic-capable device may transmit their position passively, but only
if the device is powered, has GPS enabled, is set to a patrol-monitored channel, AND is within RF
range of a patrol node. Where those preconditions hold, patrol can sometimes see the subject on
the mesh map without the subject actively calling for help - potentially useful when the subject is
injured, panicking, or in poor cell coverage. Because of coverage gaps and dead batteries, the
absence of a position is NOT evidence of the absence of a person, and this passive visibility must
never be relied upon as a rescue mechanism or treated as a substitute for a dedicated PLB/satellite
messenger or licensed SAR comms. For resorts that issue demo nodes to groups (ski schools,
corporate events), this provides a lightweight, best-effort accountability aid only.

Avalanche Beacon Integration

LoRa mesh and avalanche transceivers are complementary technologies targeting different phases
of an avalanche incident:

e Avalanche transceiver (457 kHz): Used in the fine search phase when a victim is
buried. Acquisition range is roughly 40-60 m in search mode (device-dependent; some
units pick up a signal at 70 m or more), narrowing to a few metres in fine search. It is
specifically designed for locating buried victims. A 457 kHz transceiver plus a probe and
shovel is required, non-negotiable gear - every backcountry traveller must carry all three
regardless of other communications devices.

e LoRa mesh: Used before and after burial - tracking group positions while touring and
coordinating probe-and-dig teams after a victim is located. Mesh does NOT help locate a
buried victim. A last-transmitted GPS position before burial does not reliably narrow the
search: an avalanche can carry a victim well away from their last GPS fix, and that fix may
already be minutes stale. The buried person is located by the 457 kHz beacon, probe, and
shovel - not by a mesh GPS pin.

Meshtastic must not be positioned as an avalanche safety device. It does not replace a 457 kHz
transceiver and does not contribute to locating a buried victim. Emphasise the coordination-only
role, and the requirement for a beacon, probe, and shovel, in all training materials.

Fixed Repeaters on Lift Towers

Lift towers are ideal relay locations: elevated, often with existing electrical infrastructure,
maintained by resort staff, and covering the entire lift corridor. Approach the resort's mountain
operations manager with a brief proposal framed around patrol safety and lost-skier response. Key



points for the proposal:

Hardware is small (roughly the size of a hardback book), bolt-mounted to the tower
Power draw under 1W continuous - negligible on a circuit that already powers lift lighting
No software integration with resort systems required

Hardware removable at end of season if the pilot is not renewed

Most resorts that have evaluated this concept have been receptive, particularly when framed
around improving lost-skier response times and patroller safety.

Terrain Park Safety

Terrain parks concentrate injuries in a small area with complex sightlines. A fixed relay node
covering the park enables park crew to maintain best-effort coordination with patrol without
handheld radios that are impractical while inspecting features. A simple "park clear / park hold"
message system can reduce the need for patrollers to ski through the park to check status,
alongside (not in place of) voice radio.

Backcountry Touring Group
Communication

For backcountry touring groups using a resort as a staging point, Meshtastic provides best-effort
group communication beyond the resort boundary where resort radios do not reach. Groups
splitting into separate lines on a peak may stay in contact if line-of-sight or a relay exists; ridges
and peaks can break the link. The guide shares turn waypoints and safe descent markers. If a
member is injured, their position may be visible to the rest of the group if their node's last position
propagated - it is not guaranteed, since the injured member may be exactly where terrain blocks
the mesh. Avalanche beacons, PLBs/satellite messengers, and voice radio remain the primary
safety tools.



Winter Sports and Ski Patrol

Cold Weather Node
Operation

Operating Meshtastic Nodes in
Cold and Winter Conditions

Cold weather introduces significant challenges for battery-powered electronics. Understanding how
temperature affects battery chemistry, display performance, and condensation enables reliable
deployments for ski patrol, backcountry touring, and winter SAR operations.

Battery Chemistry and Cold Performance

The electrochemical reactions that release energy in lithium batteries slow at low temperatures,
reducing available capacity and increasing internal resistance. Per Battery University (BU-502), at -
20 degrees C most lithium cells deliver about 50% of their rated capacity - this loss is temporary
and recovers when the cell is warmed:

e Lithium Polymer (LiPo) / Li-ion: At 0 degrees C, usable capacity drops roughly 10-20%.
At -20 degrees C, expect about 50% of rated capacity (Battery University BU-502) - i.e. a
battery giving 2 hours at room temperature may give roughly 1 hour at -20 degrees C.
This capacity returns when the cell warms. LiPo/Li-ion is the most common chemistry in
Meshtastic devices including the T-Echo and T-Beam.

e Lithium Iron Phosphate (LiFePO4): More stable across temperature ranges. At 0
degrees C, capacity loss is typically in the 10-15% range. At -20 degrees C it generally
retains a larger fraction of capacity than LiPo/Li-ion. (Figures vary by cell; consult a
manufacturer cold-performance datasheet such as RELION's for your specific pack.) Seek
out power banks using LiFePO4 cells (often marketed as cold-rated) for critical winter
deployments.

o Alkaline (AA/AAA): Performance drops sharply below 0 degrees C and is not
recommended for sustained cold use. Use Energizer Ultimate Lithium (L91/L92) primary
cells, which are rated to -40 degrees C, in devices that have AA/AAA battery holders.



Important - never charge in the cold: Lithium cells (LiPo, Li-ion, and LiFePO4) must NOT be
charged below 0 degrees C (32 degrees F). Charging a cold lithium cell causes lithium plating,
permanent capacity loss, and a latent internal-short fire/venting risk (Battery University BU-410).
Discharging in the cold is fine; charging is not. Warm the device to room temperature before
plugging it in. A battery-management system (BMS) blocks cold charging as a protection - it does
not make cold charging safe.

Keeping Nodes Warm in the Field

e Chest pocket carry: The most effective method. Body heat keeps the battery far
warmer than ambient (in practice typically near skin temperature, roughly 20-30 degrees
C inside a layer), greatly reducing cold-capacity loss. A node inside a mid-layer chest
pocket experiences minimal cold-weather performance penalty. Still carry a warm spare
for long cold outings.

e Chemical hand warmers: A HeatMax/HotHands hand warmer placed alongside the
battery in an insulated pouch extends cold-weather run time for stationary deployments,
such as a relay node at a patrol hut. Air-activated hand warmers provide roughly 8-10
hours of moderate heat depending on the product (per the manufacturer).

e Insulated enclosures: For fixed relay nodes, a closed-cell foam-lined enclosure reduces
heat loss. Styrofoam-lined Pelican cases are inexpensive and effective. Self-heating from
charge/discharge cycles is negligible at node-level currents and should not be relied on for
warmth.

Hardware Recommmendations for Cold
Weather

LILYGO T-Echo: The 1.54" E-Ink display is fully readable in bright sunlight and snow glare,
requires no backlighting, and functions at cold temperatures (refresh speed slows below -10
degrees C but remains readable). It uses an internal, rechargeable ~850 mAh Li-Po cell charged
over USB-C - there is no AAA option and the cell is built in (not user-removable). Finished weight
with case is roughly 110-130 g. Runtime is power-mode dependent: continuous active GPS drains
the cell in roughly a day, while light/sleep use can stretch to a few days; cold cuts runtime
substantially (as of 2026-06-08). This is a suitable low-power option for backcountry ski touring use
- note it is not rescue or safety equipment and is not a substitute for a PLB/avalanche beacon.

RAK4631 (WisBlock): Particularly low power, which partially compensates for cold-induced
capacity loss. Custom enclosures can be designed for specific mounting requirements such as
helmet-mounted or pack shoulder strap. Relies on a connected smartphone via Bluetooth as it has
no built-in display.

Displays to avoid in cold: TFT LCD screens used on T-Beam and some Heltec boards experience
sluggish response or display artifacts below -10 degrees C. OLED performs better than TFT but still



degrades in extreme cold. E-Ink is the most reliable display technology for sub-zero operation.

Condensation Management

Moving a cold node into a warm interior creates rapid condensation as the node warms through the
dew point - a significant corrosion and short-circuit risk. Best practices:

o Sealed enclosures: An IP67-sealed node condenses on the outside of the case, not on
the electronics. This is the preferred approach for nodes that experience temperature
transitions.

e Silica gel desiccant: Include a desiccant packet inside any enclosure that is not fully
sealed. Replace every 1-2 seasons or when the indicator shows saturation.

e Warming before opening: Allow a cold node to reach room temperature inside its
sealed case before opening for maintenance or charging. This ensures electronics are
above the dew point when exposed to interior air.

o Conformal coating: PCBs used outside enclosures should have conformal coating
applied to all components. This does not prevent condensation but significantly reduces
corrosion risk when condensation occurs.

Cold-Weather Deployment Checklist

Verify battery is fully charged and warmed before departure. Never charge lithium

cells below 0 degrees C - warm the device to room temperature first. Charging in

the cold causes permanent damage and a latent short/fire risk.

e Carry device close to body during approach and activity

e Use Energizer Lithium primaries if the device takes alkaline AA/AAA cells. Note this tip
applies only to the few devices that actually have AA/AAA holders - the T-Echo is not one
of them (it uses an internal USB-C-rechargeable Li-Po cell).

e Pre-configure channel and GPS before leaving the warm environment (phone
touchscreens are hard to use with gloves; pre-configure via the app indoors)

e Store backup power bank in inner jacket pocket

e Allow device to warm slowly inside its sealed case before opening in a heated

environment


https://wiki.meshamerica.com/books/diy-build-guides/page/condensation-management
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Camps and Group Activities

Summer Camp and Youth
Group Communications

Summer camps, scouting organizations, and youth outdoor programs have uniqgue communications
challenges: large areas, limited infrastructure, young participants who may wander, and adults who
need to coordinate across multiple program areas simultaneously.

Mesh is a coordination aid, not a safety system. LoRa mesh delivery is best-effort - messages
and position broadcasts are not guaranteed to arrive, and coverage depends on powered relay
nodes being in range. In a youth program, every mesh-based safety step below must be paired
with a primary method (voice radio, cell/landline, whistle/air horn, physical headcount) and must
follow the camp's established emergency protocol. Never let mesh be the sole channel for a child-
safety, medical, or severe-weather emergency.

Why Mesh Works Well for Camps

e No cell service: Many camps are intentionally located away from cell coverage - that's
the point. LoRa mesh works without cell service.

e Large area coverage: The number of nodes a camp needs depends heavily on terrain
and vegetation. A forested or hilly 500-acre camp can drop LoRa range to a few hundred
metres and may need more nodes or repeaters than an open one. Do a site survey rather
than assuming a fixed node count.

e Staff coordination: Cabin counselors, activity directors, health center staff, and the
camp director all need to communicate. Mesh messaging supplements (it does not
replace) walkie-talkies, runners, and other established channels.

e Emergency management: A lost camper scenario can be coordinated over mesh with
position tracking if the search party has mobile nodes - but mesh is a coordination aid
only. Lost-camper response must follow the camp's established emergency protocol and
not depend solely on mesh delivery, which is best-effort.

Typical Camp Mesh Deployment

Node Location Type Purpose



Camp director's office Base station + store-and-forward Central coordination; message history
server

Health center/nurse Fixed node Medical coordination (supplemental
only - see safety note); always-on

Dining hall Fixed node (roof mounted) Central repeater; best elevation on
most camps

Waterfront/dock Fixed node + weather station Safety coordination; wind/weather
data

Each cabin cluster Fixed node Staff check-in; coverage fill

Hiking/trail staff Mobile nodes (T-Echo or T-Beam) Wilderness activity coordination

Note: the health-center node is a convenience for routine coordination only. Medical emergencies
must use the camp's primary emergency communications system; mesh is supplementary and
best-effort.

Hardware Recommendations for
Camp Use

o Staff mobile nodes: The LILYGO T-Echo (internal rechargeable ~850 mAh Li-Po, USB-C
charged - no removable AAA cells; E-ink display) is a good option for counselors. Charge it
overnight via USB; in low-duty use it can last more than a day between charges.

e Fixed camp nodes: T-Beam or RAK4631 with PoE power (if Ethernet is available) or
small solar panel. Mounted under roof eaves on buildings.

e Store-and-forward / message-history node: A RAK4631 or Heltec V3 running
Meshtastic in the director's office, powered by reliable AC power with UPS backup. Keep
the whole deployment on one ecosystem - Meshtastic and MeshCore are separate, non-
interoperable protocols, so a MeshCore Room Server will not communicate with
Meshtastic nodes. If you choose MeshCore, run MeshCore on every node instead.

Safety Protocol Integration

Work with camp administration to integrate mesh into safety protocols. In every case below, mesh
supplements - it does not replace - the camp's primary emergency communications, and delivery is
best-effort:

e Check-in system: Activity groups check in via mesh message every 30 minutes during
off-site activities, with a voice-radio or phone check-in as the primary method. Define a
fallback for missed check-ins: a missing check-in does NOT confirm safety and does NOT



by itself confirm an emergency - it may simply be an out-of-range node. Escalate a missed
check-in via radio/phone and a physical check.

Lost camper protocol: All staff nodes receive a broadcast with a last-known-location
waypoint; search parties acknowledge via DM. Note that a young camper is almost
certainly not carrying a node (so there is no auto-locate), and both the broadcast and the
DM acknowledgments are best-effort and can be dropped in a wooded camp - confirm
critical acknowledgments verbally. This runs alongside, never instead of, the camp's
established lost-camper procedure.

Medical emergency: A dedicated "Medical" channel with health staff and director can
help coordinate, but mesh medical messaging supplements, does not replace, the camp's
primary emergency communications. Serious incidents must be reported through that
primary system.

Weather alert: Waterfront staff broadcasts a severe-weather warning to all nodes to
help trigger the activity-shutdown protocol. Because broadcast delivery is not guaranteed,
pair the mesh alert with a secondary alerting method (siren/air horn) and confirm receipt
where possible.



Camps and Group Activities

Cycling, Gravel, and Ultra-
Endurance Events

Long-distance cycling events - gran fondos, gravel races, bikepacking routes, and ultra-endurance
events - span dozens to hundreds of miles, making traditional radio-based support communications
challenging. LoRa mesh can supplement support communications for both safety monitoring and
participant experience.

¢4 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 cellular call, licensed event radio, a PLB/satellite messenger, or
911. Search and rescue does NOT monitor Meshtastic. On a long course a
downed rider can easily be out of range of any node. Carry dedicated safety
gear and run a primary comms plan; use mesh only as a supplement.

Use Cases in Cycling Events

e SAG wagon coordination: Support vehicles tracking rider positions and routing
efficiently to riders in need

e Medical team dispatch: Crash or medical event location sharing to nearest first aid
support. Mesh medical alerting depends on having a deployed, staffed relay network
covering the whole course; it is best-effort and unmonitored, so it must be backed by a
primary comms plan (cellular, licensed event radio, or formal dispatch) and never relied
on alone. A downed rider may be out of range of every node.

e Course condition updates: Road hazards, weather changes, re-routes broadcast to all
participants

e Family tracking: Participants' families can monitor position via community mesh map (if
riders carry nodes)

e Time station check-ins: Automated check-in when rider passes a time station node

Participant Node Options

For riders, the node needs to be light, compact, and battery-efficient:



e LILYGO T-Echo (~120-130 g cased): Clips to a jersey pocket or handlebar bag. Has an
internal ~850 mAh Li-ion cell charged over USB-C (no AAA cells - the battery is built in and
not user-removable). Expect roughly a day of active-GPS runtime - more at low duty,
much less in cold. The e-ink display shows basic status without backlight power drain.

e RAK4631 in minimalist case: ~20g if stripped of display. Mount to handlebar stem with
Gorilla tape or 3D-printed bracket.

e Phone-paired node: Node in saddlebag, phone on handlebar for map viewing. Useful if
participants want messaging capability.

Cold-weather charging: Never charge a lithium cell (the T-Echo's internal Li-ion or any
LiPo/LiFePO4 pack) below 0 °C (32 °F) - cold charging causes lithium plating, permanent damage,
and a latent short/fire risk. Discharging in the cold is fine. Keep any battery you intend to recharge
warm (near body temperature), and bring a cold device into a warm layer before plugging it in.

Event Infrastructure Layout

For a 100-mile gravel event:

e Start/finish area: Room server + base station (permanent GPS-located on map)

e Aid stations (every 20-30 miles): Fixed node at each station; powered by generator or
car battery. Serves as relay and check-in point.

e Roving support vehicles (3-5): Mobile nodes in SAG vehicles. Track positions relative
to riders on course.

e Course marshals at critical junctions: Mobile nodes; can relay course condition
reports.

This layout helps, but do not treat node spacing as a coverage guarantee. Single-hop, ground-to-
ground LoRa range is typically only a few kilometres - far less than the 20-30 mile aid-station
spacing - so a rider at ground level will frequently be out of range of any fixed node between
stations. In open line-of-sight terrain the spacing plus SAG vehicles may keep most participants
within a few hops; in forested, rolling, or hilly terrain, coverage gaps are likely and additional relays
are needed. Do not rely on this layout for safety-critical coverage.

Privacy and Opt-In Considerations

Not all participants want to be tracked. Best practices:

Clearly disclose tracking capability in pre-event registration materials

Offer opt-out: participants can turn off position broadcasting while keeping messaging
Limit position data retention: purge from map and database after event ends

Position data for safety use only: don't share with sponsors or use for marketing



