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So, beacons
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Design requirements

e For ionospheric sounding, it is important to gather data 24 hours a day.
« Automated unattended operation is required
e« FCCpart97.203 (d) on unattended beacon operation:

(d) A beacon may be automatically controlled while it is transmitting on the 28.20-28.30 MHz, 50.06-
50.08 MHz, 144.275-144.300 MHz, 222.05-222.06 MHz or 432.300-432.400 MHz segments, or on the 33
cm and shorter wavelength bands.

« Since we are interested in HF propagation, we are limited to the 10m band
only.

Screenshot: https://law.cornell.edu/cfr/text/47/97.203
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Design requirements *

e Time precision

The height of the F2 region of the ionosphere (which is responsible for most of the HF
propagation) varies between approximately 200 and 400 kilometers.

The goal is to be able to discern between working a station 100 kilometers away
directly (line-of-sight) or through skywave propagation.

The difference in length of the path in such scenario would be 23.6km

23.6 km/300000 km/s=77.6*107-6 seconds = 77.6 microseconds

For confident measurement, the timing precision of the signals should be half of that.
Thus, a timing precision of 30 microseconds would be the requirement.

A signal of such precision that would sync the transmissions to UTC time could be
provided by the 1PPS signal of a GPSDO unit.
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Design requirements °

« Frequency/phase precision
« The goalis to be able to detect a one cycle per second doppler shift.
« That puts us at a frequency resolution of at least 0.5 Hz.
« Therefore, a required frequency precision for confident measurement is at 0.1 Hz.
« A DDS clocked by a good GPSDO is capable of achieving such (and even greater!)
precision with little phase noise.
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Design decisions

« DDS

« AD9850 is sufficient for this purpose.
« An assembled module on PCB is available for $20

e DDS Driver

« MCU is not deterministic.
« FPGAs are cheap nowadays.
« An FPGA dev board capable of such timings is available for S30
o Sipeed Tang Nano 20K
« However, I'm not that good at verilog :)
« MCU loading the word into the DDS, FPGA clocking and triggering it.
« Any MCU capable of loading the DDS fast enough is fine.

o The choice fell on an Adafruit Metro ESP32-S2 dev board
o ESP32is fast
e Arduino Uno format - could be ported to other Uno-compatible MCU devboards
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Components

AD9850 DDS chip

Takes a 40-bit frequency & phase word

Two modes of operation: Serial loading and
Parallel loading

So far, serial is fast enough but parallel could
be implemented as a further improvement.
On the PCB module, | had to cut the trace
from the onboard oscillator to solder up the
SMA pigtail for the GPS reference.
Frequency output is updated on the positive
edge of the FQ_UD pin.
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Components

Sipeed Tang Nano 20K

e Cheap and small!

« Readily available

« Not the most versatile SDK

« A small but active and growing
community of makers using it.

e Packs quite a powerful FPGA
chip by GoWin

 lIdeal for critical timing
applications and complex logic
applications

466 EMOEmS o0

HamSCI

Special Pins

(10T40A ) @B)—@

[ 74 pugC)

75 mo)]

(Splo_b1) (1014 ) EB3—@

(CCD CIK) (I0T30A) E—@

(eLiz_T) ([CEpo) [OoE7A) (B—@

((Ptl2C) (CEepin) (fo78) (@3—@

(Icoe7) (J0B8A ) ED—@

(CcpB6) (10B8E ) E)}—@

(Ico_ns) (10B6A ) B3—@

(ico_vs) (iosee ) EF—@

(IcoB5) (10B14A) BE}—®@

(tco_Ba) (10B14B) EI}—@

(Lcb_e3) (10B29A) E}—@

DS2_CLK (CLED2 ) (TOL4%A @

(20 20

(oszoaa]  (IEDZT) (IOLS1A) EE—@

(ps2_atTn] (TLED3Y) (ora9E) (B—@

Joystick Onboard
component
@0 cover @B GnD @ IC Pin number

() BANKG, Vio=3.3V

() BANKO, Vio=3.3V

() BANKS, Vio=3.3V

@ _ Special Pins

. GND

@—@@ (101308 ) GCIKC_1

@—ED) (1o127A ) (SpIC_D2)

@—g8) (1oB42B) (LCD_R3)

@i (1I0B43A) (LCD_R4) R

@) (10R36A ) (1257BCLK)

@—ED (I0rR38A) (ZsBm)

@—ED (10rR45A) (CTPAZEND)

@—EE) (1oRrR498 ) (LCD_DE)

@—E5) (1OR36B ) (I2SIERCK

@—ZE) (I0R49A) (LCDBL)

@—@3 (10147 )

@—@F) (107278 ) (281z0N) (IGCIKGIO)

@\—ﬁmm DS2_GND

o SETEND

@—EE) (10rR388 ) (EPIBICIK) DS2_CMD

@) (1OR39A) (EBIBIDAT) [Dsz o)
Onboard Joystick
component

() BANK1, Vio=3.3V

() BANK3, Vio=3.3V

http://hamsci.org



Components

S2

Adafruit Metro ESP32

ESP32 runs FreeRTOS
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Hardware design "

e Very modular!

« Requires an
external
GPSDO (built-
in GPSDO
todo?)

e Requires an
external PA (1
mW output
power)
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Software design

Used Rob Tillaart’s AD985X library. Slightly modified it to fit the use case.
Writing bare metal code quickly goes out of hand.

FreeRTOS is the easiest solution for this task.

Written using PlatformlO IDE using Arduino framework.
Parameters are configurable in the header file.

Code is open source and is publicly posted to Github.

#define COSTAS_SEQ LEN 7

#define COSTAS_SEQUENCE { 3, 1, 4, 0, 6, 5, 2 }
91 #define BASEBAND_FREQ 28250000ULL

#define FREQ OFFSET 1000ULL

#define FREQ_STEP 100ULL
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Gateware design

Not much here, just a few counter-based clock dividers

Could definitely be done without an external MCU (softcore RISC-V?), just not by me. (yet?)

'ter60(.clock(pps), .clock6@(clock6®), .unlock(unlock));
ré o ter600(.clock(pps), .clock60@(clock60@), .unlock(unlock_psk));

ster C er #(.CLKDIV(25000%125), .DUTY( 50 )) interCostasCounter (.clockin(clk1l@OM_w), .clockout(interCostasClock), .sync(unlock));
( #(.CLKDIV(625%125), .DUTY( 50 )) terl ounter (.clockin(clk1OM_w), .clockout(interPskClock), .sync(unlock_psk));
Co #(.CLKDIV(4), .DUTY( 25 ) inter (.clockin(interCostasClock), .clockout(mcu_costas_clk), .sync(1l'bl));
Co #(.CLKDIV(4), .DUTY( 75 ) 1 Count s (.clockin(interCostasClock), .clockout(Costas_fq_ud_n), .sync(1'bl));
( #(.CLKDIV(4), .DUTY( 75 ) fq_udCounterPsk (.clockin(interPskClock), .clockout(Psk_fq_ud_n), .sync(1'bl));
( #(.CLKDIV(4), .DUTY( 25 ) Psl inter (.clockin(interPskClock), .clockout(mcu_psk_clk), .sync(1'bl));
ssign fq_ud = (Costas_fq_ud&costas_txrq) | (Psk_fq_ud&psk_txrq);

mcu_costas_trigger = clock6@ & (~clock600);
mcu_psk_trigger = clock600;

ledr[@] = ~mcu_costas_trigger;
ledr[1] = ~mcu_psk_trigger;
ledr(2] = ~pps;

ledr[3] = ~mcu_costas_clk;
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Operation and data "

So far | have tested the signal timings with a logic analyser only with the initial
100ms/frequency costas array transmissions

The timings were within the 30 microsecond constraint.
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Operation and data

+60
-83,1dBm 22,6dB

| have also tested the transmission of
10ms/frequency costas arrays, but |
did not measure the timings due to
the midterm season.

28243 28244 28245 28246 28247 28248 28249 28250 28251 28252 28253
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So, what do we have? "

A beacon capable of transmitting configurable Costas arrays with precise
timings and PSK-encoded Station ID and telemetry (QTH, timestamps in the
works) that is very easy to build with off-the-shelf parts and costs under $100 in
parts.

Would be very useful to conduct a measurement experiment with the beacons
located far away, which brings us to...

e o W
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Call to Action

e | would be happy if there were 4-5 stations located around the east and west
coast willing to run this beacon for a few days to see if | get the results | am
hoping for.

« If you are good at Verilog and RTL design, | would really appreciate
contribution to this project - getting rid of an additional hardware MCU
would make the beacon even cheaper and easier to build, as well as make
the timings much tighter. Also feel free to contribute to the MCU codebase!
The Github links are available in the last slide.

« FPGAs to masses! They’re getting cheap enough for an average maker to be
able to use them in their projects. Verilog is fun!

http://hamsci.org



Questions 19

| would like to thank Dr. David Kazdan ADS8Y, John Gibbons N8OBJ, and
Dr. Kristina Collins KD8OXT, for the idea of the project and lots of useful
insight into the signal processing and the black magic that RF
engineering seems to be.

| would also like to thank the HamSCI community and the organisers for
the attention to detail with scheduling and the opportunity to present
here today.
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Thank you!
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Ruslan Gindullin W2HAT/ROWFW rxg695@case.edu
https://github.com/ruslanbd/Costas v5 ESP - MCU design repository
https://github.com/ruslanbd/Costas v3 - FPGA design repository
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