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How many of you have used a high-
speed microwave data network?



I would have figured most of you...



Introduction
Who, what, where, why, when?



HSMM Networks Today

BBHN
Pioneered first real 
implementation of Ham-
based Mesh networks
With low-power, aging,  
Linksys “blue-boxes”
Limited to noisy Part 15 
shared spectrum in 2Ghz 
and 5Ghz bands
Relatively inactive today

HAMWAN
Traditional fixed 
point-to-point network
Highly dependent on 
the Internet
High-level of network 
expertise needed to 
setup

AREDN
Can be built on the fly
Easily Ham-deployed
Commercially robust H/W
Actively developed and 
supported
Part 97 In 900Mhz, 2Ghz, 
3Ghz, and 5GHz  bands



What is AREDN ?

Software
Open Source
Agile, flexible dev model
Highly active forums
Developers also implement
Focused on EmComm
Nightly Builds available

Wireless Mesh
Repurposed WISP 
routers (radios)
In the Ham Bands
Up to 144 Mbps IP 
Network (802.11n)
Part 97 (Tech, 
General, Extra)

The Team
Randy, WU2S
Andre, K6AH
Joe, AE6XE
Darryl, K5DLQ
Trevor, K7FPV
New Contributors
KG6WXG, KK4ZUZ, 
KF5DEB



Awards, Accolades, and Media

QST – June 2017



If you forget how to spell our name…

We are at the center of
prepAREDNess



 Node: a radio with an embedded linux computer that 
performs network routing functions

 Mesh network: a network topology in which each 
node relays data for the network. All mesh nodes 
cooperate in the distribution of data in the network.

 OLSR:  Optimized Link State Routing Protocol is an 
IP routing protocol optimized for mobile ad hoc 
networks.  Responsible for determining the path data 
will take to get to it’s destination.

Nomenclature



 Basic Node Setup
 Port Forwarding / DHCP / Advertised Services
 Check for traffic / congestion on the channel
 Displays Node Status and connections to nodes
 SNR Charts (Realtime and 24hr archives)
 Tunnel Configuration
 Administration

• Update firmware “over-the-air”
 Many new features in 2018 release

What does the AREDN Web UI do?







Standard WiFi (Access Point)

IP

IP



AREDN Mesh Network

Shelter 
site

POD site

EOC



Equipment
Yes, you get to buy new radios…



Channels on 2.4 and 3.4 GHZ
2 Non-Shared channels on 2.4 GHz
24 Non-Shared channels on 3.4 GHz



Channels on 5.8 GHz
7 Non-Shared channels on 5.8 GHz



Microwaves
Line of Sight (our biggest challenge)

90+



Ham Deployed to 
Shelter

Fixed or Deployed 
Relay Node

Fixed Backbone Node

Fixed or 
Deployed 

Relay Node



• Ubiquiti airMAX M-series WISP routers
• AirGrid ($65)
• AirRouter ($35 and $60)
• Bullet ($79) (+ antenna)
• NanoBridge ($100)
• NanoStation ($85)
• PicoStation
• PowerBeam ($200)
• Rocket ($80) (+ antenna)
• (and TP-Link equivalents)

• Robust Specifications
• Power Output: 23 – 28 dBm (200mW – 630mW)
• Antenna Gain: 11 – 30 dBi
• Temperature: -40° to 176°F
• Voltage: 12V – 24VDC
• Outdoor rated (except AirRouter)



Antenna Choices

Omni Sector Dish
• Single polarity (usually) 
• 360 degree
• General coverage
• $ (cheap)
• Most aren’t MIMO 

• Dual polarity (MIMO) 
• 90, 120 degree
• General/localized 

coverage
• $$

• Dual polarity (MIMO) 
• Narrow beam
• Point to point
• Backbone links
• $$ - $$$



Network Design Considerations

Backbone
Elevation
High-gain
High power
MIMO
(multiple-input, 
multiple-output)
Point-to-Point 
3 or 5 GHz

Relay Nodes
High-gain upwards
Broad-coverage down
MIMO
Cross-band 
(w/network switches)
Strategically placed
Use Path Prediction 
tools

Deployed Nodes
May be Ham-
owned
Inexpensive <$100
12-24VDC power
Augment go-kits
MIMO preferred



How Do I Build It ?

Backbone
Mountains, water 
towers, buildings, 
antenna towers
24-30dB Dish
Rocket M2/M3/M5

Relay Nodes
Hills, tall masts, 
buildings
RadioMobile to 
determine location 
NanoBeam, 
PowerBeam, 
NanoStation, 
Rocket

Deployed Nodes
NanoBeam, 
Nanostation,
Bullet
WIFI Access Point
10-20’ mast
Keep it simple
Solar panel
12VDC Battery



Backbone Sites
The rib bone connects to the.. back bone



Using the Vertical Dimension



Backbone Using High Ground
Mt. Palomar, 6200’ ASL to Mt. Otay at 48 miles distance



3 GHz and 2 GHz Downlinks
High Ground at Ham’s Mountain Cabin



Club Repeater Site Towers

Benefits
Cheap or free
Gets the club involved
No QRM from WISPs



Commercial Towers

Benefits
Generally well-placed
Often much taller
May be ham-owned
May be county-owned
($$) climbers, lighting 
protection, etc. 



Relay Sites
I’m giving it all she’s got Captain… But I need more Mr. Scott…



Small Footprints / Large Coverage Area
Chatsworth Peak - Ventura County, CA



Small Footprints / Large Coverage Area
Saddleback Peak - Mission Viejo, CA



Water Tower Relay Site
San Bernardino County - Redlands, CA



Deployed Relay Node
Temporary Shelter/POD Site/Served Agency



Locating Relay (and other) Sites
Using RadioMobile to Find Common Ground



https://airlink.ubnt.com/
WU2S to W2NPT 9.06 km

WU2S

W2NPT

https://airlink.ubnt.com/


https://airlink.ubnt.com/
WU2S to W2NPT 9.06 km

WU2SW2NPT

https://airlink.ubnt.com/


Network Services

We built it… now what?



Network Services



TicketsCAD - Incidents



Membership Database



MeshChat – Distributed Messaging



OwnCloud Sync’d Files



Services in Montgomery County, Texas

•Winlink Network Post Office
•Winlink P2P
•Winlink RMS Packet and Relay
•BPQ Node
•Packet Mail Box
•Java APRS Igate/digipeater
•Video Cameras

•Traccar Personnel Tracking
•Reports
•DMR Openspot Gateway
•DMR Repeater Linking **
•Speed tests, SNMP network 
monitors, etc.



Resources

•www.arednmesh.org - Firmware, instructions, 
assistance
•www.ispsupplies.com
•www.flyteccomputers.com
•www.streakwave.com
•ARRL HSMM Book by Glen Popiel (KW5GP)
(We forgave him for the Linksys and incorrectly 
configured grid antenna on the cover)



• Exclusive Part 97 Channels
• Over-the-Air firmware 

upgrades 
• Maximum data rate of 144 

Mbps 
• Low investment entry 
• Rapid deployment and 

implementation 
• Multiple antenna choices 
• Interfaces easily with other 

Internet capable devices 

Features & Benefits



New Features 2018

• OpenWRT 18.06.1 released in August 2018
• Can be loaded onto any supported Ubiquiti device by using the 

TFTP method
• Supports many of new Ubiquiti XW devices 
• Available for specific Mikrotik Basebox models
• SSID, Channel and Bandwidth are now displayed on the main 

page



New Features 2018

• Reduced code size for better performance and more memory
• SNR displays above the real-time chart to aid aiming
• Pages are now accessible via HTTP port 80
• Show the OLSR routing table size
• Node description on the Mesh Status page
• Display node’s Latitude and Longitude on the main page



Weight: M2 400 =  1.8 kg
M5 300/400/620 = 1.2/1.8/6.4 kg

Gain: M2 = 18 dBi

M5 300/400/620 = 22/25/29 dBi
Current Price: M2 = $79

M5 = $95/115/200

Memory: M2/M5 = 64 Mb
Pwr Output: M2 = 28 dBm

M5 300/400/620 = 26//26/24 dBm

PowerBeam 300/400/620



Weight: 390 g
Gain: Depends on antenna
Current Price: 2 GHz = $89

5 GHz = $89
Memory: 2 / 5 = 64 Mb
Power Output: 2 GHz = 30 dBm

5 GHz = 30 dBm

Mikrotik BaseBox 2 & 5



Weight: Unknown
Gain: 2 GHz = 1.5 dBi

5 GHz = 2 dBi
Current Price:  = $54
Memory:  = 64 Mb
Power Output: 2 GHz = 22 dBm

5 GHz = 23 dBm

Mikrotik hAP ac lite



Support the AREDN Project



At the Center of Emergency
PrepAREDNess



Randy Smith, WU2S
wu2s@arednmesh.org

Thank You 
from the 

AREDN Project 
Team



Questions and Answer time



Supplemental Material





Nanostation Loco
Weight: M2/M5 = 0.18 kg

M9 = 0.9 kg
Gain: M9/M2 = 8 dBi

M5 = 13 dBi
Current Price: M2 = $46 - $49

M5 = $62 - $67
M9 = $113 - $129

Memory:        M2 = 32 Mb
M5/M9 = 64 Mb

Power Output: M9 = 28 dBm
M2/M5 = 23 dBm

Hams Are Frugal



Weight: M2/M5 = 0.40 kg
M3        = 0.50 kg

Gain: M2 = 10.4-11.2 dBi
M3 = 12.2-13.7 dBi
M5 = 14.6-16.1 dBi

Current Price: M2/M5 = $89
M3        = $129

Memory: M2/M3 = 32 Mb
M5        = 64 Mb

Power Output: M2 = 28 dBm
M3 = 25 dBm
M5 = 27 dBm

Nanostation M



Weight: M2/M3/M5/M9 =                                         
0.50 kg               

Gain: Depends on antenna 
Current Price: M2 = $82 - $89

M3/M9= $179
M5 = $89

Memory: M2/M3/M5/M9                
64 Mb

(*datasheet 128 Mb  M2/M5)
Pwr Output: M2/M9 28 dBm

M3 = 25 dBm

M5 = 27 dBm

Rocket M



Weight: M2/M3/M9 =  2.4/4.7/5 kg            
Gain:     M2/M3/M9 = 18/21.5/10.6
Current Price: M2 = $89

M3= $189
M9 = $159

Memory: M2/M3/M9                
32/32/64 Mb

Pwr Output: M2 23 dBm
M3 = 25 dBm
M9 = 28 dBm                          

NanoBridge



AirGrid - 2 Antenna Sizes
Weight: M2/M5 = 1.65 kg

M2/M5 = 2.75 kg
Gain: M2/M5 = 16/23 dBi

M2/M5 = 20/27 dBi
Current Price:M2 = $46 - $49

M5 = $62 - $67
Memory: M2/M5 = 32 Mb
Power Output: M2 = 28 dBm

M5 = 25 dBm

AirGrid - Single Polarity



Bullet – Single Polarity
Weight: M2/M5 = 0.18 kg

Gain: M5/M5 = Depends on antenna 
selection

Current Price: M2/M5= $79
Memory: M2/M5 = 32 Mb

Power Output: 
M2 = 28dBm
M5 = 25 dBm

Bullet – Single Polarity



Two Models – AR and AR-HP
Weight: AR/HP = .22/.32 kg
LAN Ports = 4
WAN Port = 1

Current Price: 
AR = $32 - $39
AR-HP = $62
Memory:  32 Mb
Power Output: 

AR =      19dBm
AR-HP = 28 dBm

AirRouter – Indoor Use



Weight: Unknown – about the same 
as a Nanostation
Gain: CPE210 = 9 dBi

CPE510 = 13 dBi
Current Price: CPE210 = $58

CPE510 = $64
Memory: 210/510 = 64 Mb
Power Output: 210 = 27 dBm

510 = 23 dBm

TP-Link CPE210/510
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