
Celebrating a hundred years of Amateur Radio

Experimenting with High-Speed 

Wireless Networking in the 420 MHz Band

David Bern, W2LNX

Montgomery Amateur Radio Club

 Rockville, Maryland

W2LNX @ arrl.net 

ARRL and TAPR Digital Communications Conference           1 of 40 September 21-23, 2012 - Atlanta, GA



Introduction

●desire to celebrate the centennial of ham radio

●general project requirements

●systems integration project – little development

●involves the outdoors and ham radio friends

●possibly benefit public service and emergency 

communications

●non-hams and young hams can relate to project
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Introduction

●At the 2011 DCC, Charles, G4GUO and Ken, W6HHC 

presented their DATVexpress project

●wondered: would it be easier to build a high-speed 

data link with commercial off the shelf (COTS) 

hardware and software?

●use a video streaming application on laptops

●Chris, KB3CS at MARC suggested to look at Doodle Labs 

420 MHz high-speed data radios

●blog page from Steve, KB9MWR, short video from Kyle, 

N0KEW and documentation page from Joseph, N9ZIA
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Learning DD-WRT

●purchased

●Ubiquiti RouterStation Pro router boards

●three miniPCI card slots

●Wistron CM9 2.4 GHz Wi-Fi miniPCI cards

●Doodle Labs and Xagyl cards are drop-in 

replacements

●ordered 

●Doodle Labs DL435-30 420 MHz miniPCI cards

●AIR802 MMCX male to N female connector pigtails

●later, Xagyl Communications 420 MHz XC420M cards
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miniPCI 420 MHz data radios

●Doodle Labs DL435-30 and Xagyl Communications XC420M

●software interface: appears as 802.11b/g Wi-Fi card 

in the 2.4GHz band

●Qualcomm Atheros AR5414A chipset at 2.4 GHz

●RF Micro Devices RF2051 VCO and mixer transverter 

stage to 420 MHz

●RF out about 1/2 watt (+28 dBm)

●RF bandwidth: 5 MHz centered at 422.5 MHz (ATV)

●DL435-30 – wireless channel 1 – 2412 MHz

●XC420M – wireless channel 2 – 2417 MHz 

●“1/4 bandwidth”

●auto fall back: 64QAM, 16QAM, QPSK, BPSK (COFDM)
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miniPCI 420 MHz data radios

Doodle Labs DL435-30 with shield removed  (KB9MWR photo)
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Ubiquiti RouterStation Pro

Doodle Labs DL435-30 miniPCI card in Ubiquiti RouterStation Pro
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Ubiquiti RouterStation Pro

home brew quarter wave 420 MHz antenna on a large tuna fish can
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Ubiquiti RouterStation Pro

●reflashed OpenWRT with DD-WRT

●exercise one: configure a RouterStation Pro router as a 

2.4 GHz Wi-Fi client 

●connect to house Wi-Fi access point

●exercise two: configure second RouterStation Pro router 

as a 2.4 GHz Wi-Fi access point

●laptop can connect to it

●SSID: BOARnet – Broadband Over Amateur Radio network

●exercise three: connect client router 

to access point router
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Configuring DD-WRT

access point Wireless – Basic Settings

setting channel width, channel and TX power to +28 dBm
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Configuring DD-WRT

client Wireless – Basic Settings

setting channel width and TX power to +28 dBm
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Configuring DD-WRT

Administration – Management

remote Web access enabled on port 8080
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network configuration
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Access point router network configuration

●192.168.10.1 LAN 

●192.168.2.199 WAN 

●D257 Aspire one access point netbook 

●192.168.2.99  netbook

●Web browser pages

●192.168.10.1 access point LAN 

●192.168.2.199:8080 access point WAN 

●192.168.2.99:8081 access point Yawcam 

●192.168.2.99 access point HFS

●192.168.10.2:8080 client WAN 

●192.168.10.2:8081 client Yawcam

●192.168.10.2 client HFS
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Client router network configuration

●192.168.20.1 LAN

●192.168.10.2 WAN 

●D255E Aspire one client netbook 

●192.168.20.99 netbook 

●Web browser pages

●192.168.20.1 client LAN 

●192.168.10.2:8080 client WAN 

●192.168.20.99:8081 client Yawcam

●192.168.20.99 client HFS

●192.168.2.199:8080 access point WAN 

●192.168.2.199:8081 access point Yawcam

●192.168.2.199 access point HFS
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Application software

●Yawcam – Yet Another WebCAM 

●has built-in video streaming Web server

●client Web browser can select frame rate and quality

●microscope article in QST March 2012 

●HFS – HTTP File Server

●Web server that only serves files 

●download rate in Firefox Downloads window
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Range test – in the house

Doodle Labs DL435-30 file download 20 feet apart
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Range test – in the house

Xagyl Communications XC420M file download 20 feet apart
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Range tests – Shenandoah Valley

●acceptance criterion

●at least one Mbit/s data rate 

●at least 10 mile distance

●Skyland Lodge patio to Massanutten Mountain – 13 miles 

(21 km)

●Hogback Mountain overlook to Reddish Knob – 57 miles 

(92 km)

●July 2005 QST: IEEE 802.11 Experiments in Virginia’s 

Shenandoah Valley by David Fordham, KD9LA 

●Jason, N4DSL experimenting with long range 2.4 GHz
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Range tests – Skyland Lodge to Massanutten Mountain

Elevation profile

Skyland Lodge to US 211 on Massanutten Mountain 
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Range tests – Skyland Lodge to Massanutten Mountain

M2 420 MHz Yagi antenna with router
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Range tests – Skyland Lodge to Massanutten Mountain

station power supply

18 aH battery, 75 W power inverter, Ubiquiti 48 V POE adapter
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Range tests – Skyland Lodge to Massanutten Mountain

Aleks, W3JAG and Vic, WB2U on Skyland Lodge patio
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Range tests – Skyland Lodge to Massanutten Mountain

at Massanutten Mountain:

Aleks, W3JAG and Vic, WB2U on Yawcam at Skyland Lodge
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Range tests – Skyland Lodge to Massanutten Mountain

●2012 July 10

●Skyland Lodge patio: 3650 feet (1113 m)

●Massanutten Mountain US 211: 1500 feet (457 m)

●distance: 12.8 miles (20.6 km)

●data radio: XC420M

●antenna: M2 420-50-11 Yagi

●signal quality: 32 %

●bandwidth: 2.5 Mbit/s

●file download: 296 Kbyte/s
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Range tests – Skyland Lodge to Massanutten Mountain

●2012 July 29

●Skyland Lodge patio: 3650 feet (1113 m)

●Massanutten Mountain US 211: 1800 feet (549 m)

●distance: 13.2 miles (21.2 km)

●data radio: DL435-30

●antenna: M2 420-50-11 Yagi

●signal quality: 35 %

●bandwidth: 4.5 Mbit/s

●file download: 400 Kbyte/s
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Range tests – Hogback Mountain to Reddish Knob

Elevation profile

Hogback Mountain overlook to Reddish Knob
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Range tests – Hogback Mountain to Reddish Knob

stack Yagi antenna array with router

ARRL and TAPR Digital Communications Conference           28 of 40 September 21-23, 2012 - Atlanta, GA



Range tests – Hogback Mountain to Reddish Knob

Eugene, KB3TZH on Hogback Mountain overlook (W3QX photo)

ARRL and TAPR Digital Communications Conference           29 of 40 September 21-23, 2012 - Atlanta, GA



Range tests – Hogback Mountain to Reddish Knob

David, W2LNX on Reddish Knob  (KB3CS photo)
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Range tests – Hogback Mountain to Reddish Knob

at Reddish Knob:

Eugene, KB3TZH on Yawcam at Hogback Mountain Overlook
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Range tests – Hogback Mountain to Reddish Knob

●2012 September 10

●Hogback Mountain overlook: 3383 feet (1031 m)

●Reddish Knob: 4396 feet (1339.9 m)

●distance: 56.5 miles (90.9 km)

●data radio: XC420M

●antenna: M2 420-50-11 Yagi stacked array

●signal quality: 28 %

●bandwidth: 300 to 500 Kbit/s – choppy 

●file download: 50 Kbyte/s
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Range tests – Hogback Mountain to Reddish Knob

needed to increase Sensitivity Range (ACK Timing)

access point bandwidth page in Reddish Knob (120 s)
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Conclusions and recommendations

●both the Doodle Labs DL435-30 and Xagyl Communications 

XC420M data radios passed our acceptance test

●10 to 20 miles appears to be a practical distance

●DL435-30 is faster but XC420M is cheaper and is 

available in the U. S. and Canada

●succeeded in assembling system with COTS equipment

●needs line of sight

●420 MHz is more forgiving than 2.4 GHz
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Continuing work

●continue our range tests

●comparing DL435-30 and XC420M

●continue learning DD-WRT

●what are optimum settings? for ACK timing?

●create network of three routers

●wireless networking bridge 

●one omni-directional antenna or 

●two Yagi antennas in different directions

●internetwork with distant 2.4 GHz wireless LANs

●HSMM-MESHTM
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Continuing work

●learn to stream digital video with UDP (no ACK)

●be more DATV-like

●add VOIP and audio applications

●evaluate other COTS routers that run DD-WRT

●Gateworks Avila GW2348-4

●PC Engines alix2d13 

●Intel Atom motherboard with PCI to miniPCI adapter

●evaluate bi-directional linear broadband amplifiers in 

420 to 432 MHz ATV sub-band
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Continuing work

●improve county public safety backup communications

QST September 2011 pp 30-34
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Questions

?
demonstration in the play room
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