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Compelling Need for
Underground to Surface Comms

Cave exploration in very long underground passageways requires
teams to travel as much as 8 hours from the entrance portal

Some caves require underground camping for days or weeks
All would benefit from a simple communication device with the
surface. Safety information, messaging from families, needs for

supplies, and efficient rescues need real time communications

Voice is OK, but for best s/n, digital text mode is best



Analog (Voice) Systems
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Digital (Text) Systems



Digital Modulations of Interest

Minimum
Signal-to-
Noise Ratio

Data Throughput
Baud Phases/ ————— Bandwidth
Rate (Hz) Frequencies Upper Case Full (Hz)

Forward

Mode Designation Error

Only ASCIl Correction (dB)

BPSK31 31.25 51 37 80
QPSK31 31.25 51 37 80
BPSK63 62.5 74
QPSKE3 62.5 74
PSK63F 62.5

PSKFEC63 62.5

-11.5
-11.5

MFSK8 7.8125 16
MFSK16 15.625 16
WSPR 1.4648 4
JT65 2.69 64
SSB (speech) N/A N/A
CW (Morse) 10 2 levels
QRSS (Slow Morse) 2 levels

<|=<|=<|=<]|=<|=<|<|z|=<|=z

Reference
Modes

BCRA Cave Radio and Electronics Group, Journal 97, March, 2017
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We never forget who we’re working for ®

MagneLink® Magnetic Communication System (MCS)
Through-The-Earth Two-Way Emergency Wireless Communications
for Mine Industry Safety
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. | 3 Divers reached Tipperary OK

m 4 Divers reached Tipperary OK

i Air bad in Tipperary heading out in morning

i i Air bad in Tipperary heading out ASAP

5 | oto1 | C o All OK - Sleep tonight - Dive tomorrow
“ : | [ Divers back at Tipperary after dives in Sump 3

H | Exiting Sump 2 today/tonight

Exiting Sump 2 as planned on time

Exiting Sump 2 as planned — 2 hours later

Exiting Sump 2 as planned — 4 hours later

\H Exiting Sump 2 24hours later than planned

Will need to return to Tipperary in 1,2 or 3 days

Significant dry passage found

Batteries are low — may lose contact soon
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Cave-Link Transceiver Board




Alex Kendrick's digital radio (2009)

23.4 KHz prototype

25 turn loop

Simple on/off keying

Custom alpha code using PWM




Profile Map of Carlsbad Caverns
Eddy County, NM
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Figure 14: Profile of Carlsbad Caverns. Digital two way
communication was established in Left Hand Tunnel for a
depth of 200m (650ft). Signal strength was also measured for
the attenuation figure. The established communication is the
deepest communication through rock in Carlsbad Caverns
history.
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* High frequencies are intriguing. Radios could be
COTS units

* Work by others has suggested that HF
attenuation through rock in arid regions is not
as severe as thought

* The increased efficiency of tuned half-wave
dipoles and loops at HF has advantage over
electrically short LF antennas



* Work by Paul Jorgensen, KE7HR, proved that HF
frequencies had some potential for underground to
surface communication and vice versa*.

* Tests at Carlsbad Cavern using FT817-ND with
3.9 MHz SSB and 5 watts demonstrated reliable
voice communications to 780 feet.

*Speleonics 27, June, 2011



In 2015, the UK Cave Radio and Electronics Group
published HF communications testing with 7.135 MHz
SSB using FT706 and 20 watts with half wave dipole
antennas. Depth was about 330 feet, and slant
distance between radios was about 1270 feet.

BCRA Cave Radio and Electronics Group,

Journal 95, Sept. 2016 BCRA Cave Radio and Electronics Group,
Journal 92, Dec. 2015
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BCRA Cave Radio and Electronics Group, Journal 97, March, 2017



These surplus PDAs provide
a convenient all-in-one
text terminal and modem




* Commercial HF transceivers such as the Warbler and
Small Wonder PSK radios are no longer available

* A Ukranian source of compact HF PSK radios provides
PSK transceivers for 40, 30 and 20 meter amateur

bands. Serge, UTHJCW, sells these through the ebay
business “"transverters-store”



30 meter band (10.148 MHz) was chosen as there is
lower usage and radio traffic/noise
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Very simple setup, audio cable and RF,
12 V battery for PSK transceiver

4 Pin
AXIM PDA

Conn

Total cost is ~$200



Test Antennas
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Status

* 2 Radios and Pocket-Digi terminals are ready for test

* Antennas to be tested are full half wave or shortened
loaded dipoles and tuned loops of a few turns, 1Im
diameter.

* Tuning will be required and is one concern for reliability
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