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EDGE OF SPACE SCIENCES (EOSS)

Edge of Space Sciences is a Denver, Colorado based non-profit
organization that promotes science and education.

Formed in 1990 with the mission of promoting science and
education through high altitude balloons and amateur radio.

Payloads to above 99% of Earth’s atmosphere - “The poor
man’s space program".

Directly or indirectly involved with 75,000+ students and 55
schools.

15-20 balloon flights per year supporting Colorado Space Grant
Consortium and STEM school programs of all ages

324 launches AND 324 recoveries!
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OPERATIONS




Coordination with FAA and TYPlCAL FLl G HT

Denver Air Traffic Control
(Part-101 Waiver)

Parachute
80-100k Feet
~90 Minute Ascent ~45 Minute
Descent
Tracking Teams Hike in
* Locate Payloads And
* |dentify Landowner Recover

 Obtain Landowner Permission to Access
One of Six FAA

Approved Locations ﬁﬁ 0 k
“ o D<>‘
s o




HAM RADIO IS INTEGRAL

Flight String
 Redundant APRS beacons
 ADS-B Beacon (if available)

Ground Station:
* Analog and DMR radio comms

» SDR-based APRS system Tracking Teams

: * Analog and DMR radio comms
* APRS igate
» FAA coordination (APRS data push) * SDR-based APRS system

* Some have APRS igate
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AEQDSS GROUND STATION

/0cm FM and DMR repeaters comms / net
2m SDR-based APRS system

APRS igate, cellular data modems, WiFi
ADS-B reception and upload (FlightRadar24
FAA coordination (voice and APRS data push




BALLOON FILL
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STRING UP THE FLIGHT LINE




LAUNCH
4 Balloon =e———

RELEASE - cutdown system =t
Parachute =————
TOP APRS beacon =t

Customer payloads =———)

ADS-B beacon =——

BOTTOM APRS beacon =t




TRACKING TEAMS

Typically 5-7 vehicles - a team in each
vehicle

Pre-positioned down range to track and
recover payloads

Leverage amateur radio to coordinate and
communicate

Most teams use SDR tracking system

Will transmit cut-down to balloon if
necessary




RECOVERY
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INTERMISSION




EOSS PAYLOADS



EOSS PAYLOADS

RELEASE
» Custom designed release mechanism, bluetooth linked to TOP
- Placed between parachute and latex balloon RELEASE - cutdown system
* Will release balloon from flight string upon command

TOP APRS beacon
TOP

» Custom designed APRS beacon and balloon release controller
» Uses accelerometer to sense balloon burst

» Commands RELEASE to release balloon from flight string upon burst
* Bluetooth linked to the RELEASE

* ~1-Watt 2m radio (different frequency from the BOTTOM)

ADS-B
* uAvionix ping200XR ADS-B Mode S Transponder

ADS-B beacon
e Uses T090MHz

BOTTOM
* Byonics-based APRS digipeater and beacon

BOTTOM APRS beacon
* < 1-Watt 2m radio (different frequency from the TOP)




NEWTON’S 4TH LAW: RELEASE THE LATEXI!




ACCELEROMETER DATA
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NONO BB WDN -
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. Armed at 70k feet

. Accelerometer in TOP beacon detects free fall after burst

. "release” command sent to RELEASE via Bluetooth LE link

. Warble tone transmitted over 2m radio to indicate burst Bhiatooth LE
. APRS message packet transmitted with max altitude Radio Link
. Servo on RELEASE opens, releasing balloon from flight string

. Successful release and separation status transmitted using

. Typical release time of < 1 sec upon burst detection (servo

RELEASE PROCESS

Balloon

RELEASE

Parachute

APRS and Morse code ("ok”, “ok")

TOP
(TNC/Radio)

movement takes the longest time)




SWITCHING

REGULATOR
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RELEASE HARDWARE
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THERMOCOUPLE
AMPLIFIER

STM32H7
PROCESSOR

BUCK/BOOST
SWITCHING
REGULATOR
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TNC/RADIO BOARD HARDWARE
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(THE TOP)

BAROMETER
ACCELEROMETER

USB CONFIG

BLUETOOTH
LE & BT 2.0
MODULES

BN RGP A MG Ee

“1W 2M
DRA818V
RADIO

DAC_AUDIO_OUT

GPS ANTENNA
WITH LNA

. BLUETOOTH LE DIPOLE



TNC/RADIO BOARD HARDWARE (THE TOP)

GPS ANTENNA
FACING SKY

TUBE FOR
FLIGHT
STRING

S TR 174
000" 0-WL 03N
) ORLLI)
\ @ R1916287AEDS
B W 19420k
& COANISLPASILTE

BATTERY
BOARD
1 OR 2 CELLS

BATTERY
BOARD

\ (€) 220 puage 4
COMPONENT = L06C Systens
#a0
, )

SIDE FACES
INWARD




ALTITUDE VS TEMPERATURE ON DECENT

e — GPS Altitude (ft) — External Thermocouple Int temp F External 1-Wire
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TRACKING TECH




SDR-BASED APRS TRACKER

What
» APRS application to aid operators in payload recovery

Primary Features
» Software based (no traditional radios)
* Simultaneous reception of APRS packets on multiple frequencies
 Offline maps (OpenStreetMap)
 Landing predictions
» Light weight user interface leverages a web browser
* Receive only, nothing transmitted or uploaded to the Internet (**)

** With a valid ham radio callsign, igating and RF beaconing are configurable




SOFTWARE DEFINED RECEIVER - BASIC IDEA

GPS Puck

EOSS Tracker

Trockung Hegh Alitude Balloons

Wifi Network

Small computer *
SDR USB dongle
2m antenna

USB GPS puck \[/)Vek?-bas]cedhlnjcerface
Ubuntu Linux eV|c.e OoT choice

No wires
Open-source software

Multiple device/user
connections

* Specs: Intel 15-4200U (4 core), 8GB Mem, 512GB storage
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WEB-BASED INTERFACE

SYStem Statu s KCOD Payload Environmentals

These charts show the air density (kg/m3 ), temperature (F), and pressure (atm) as measured by KCOD payloads on the flight string.

Air Density

ANTENNA H DETAILS

|144.390MHz
|44.340MHz
Frequencies | 44.905MHz
145.645MHz
145.765MHz

o
o
l

GnuRadio Status

Air Density (kg/m3)
o
\j
|

o
o))
|

RTL-SDR #:0

Product: RTL2838UHIDIR
Manufacturer: Realtek
Serial No: goo

lgating Status [IGATING]

SDR Information

T T 1
- 4 10.1k 15.0k 19.9k
Beaconing Status [NO] Altitude (1000's f
B KCOD-14_Ascent l KCOD-14 Descent

v Ascent v Descent

Existing Flights
EOSS-320  (trAcKING)
; EOSS-320 Wstmnstr Acad Heavy UL Deer Trail C Tracking: vV
AEO0SS-13 144.340 MHz Bottom - Digi EOSS

KCOD-I 145.645 MHz Top - Release Adam S

Altitude (ft

KCOD-3 145.765 MHz Qual

EOSS-319  (trackiNG)

EOSS-319 Wstmnstr-EvrGrn HS Heavy UL Deer Trail < Tracking: v/
AEO0SS-12 144.340 MHz Bottom - Digi EOSSA

KCOD-14 144.905 MHz Top - Release Baker

60.0k -
55.0k
50.0k - - 4
45.0k
40.0k |
35.0k -
30.0k -
25.0k
20.0k -
15.0k

10.0k - -4

Flight Altitude

Temperature (F)

Temperature/Pressure
T2 SR S I S
68
66 3§
64
62
60
58
56
54

52

Altitude (1000's ft)
B KCOD-14_Ascent T Il KCOD-14_Ascent P H KCOD-14 Descent T
B KC0D-14 Descent P

v Ascent «+ Descent

5.0k - *-

0.0k

Pressure (atm)

T
07:09

B AE0SS-12 H KCOD-14
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EXAMPLE - ASCENDING

844 ft/min

Active

“Le 22 ) tlights
=0

50K ftisl™ oy

~_ AE0SS-12

o === . 77,008ft

AEOSS-13), :
56,306ft 90k ft

Flight ‘
Gauges 100kt
Predicted
(+) ReLanive PosiTion: .

O — Flight Path

AL
\\\‘\:'3"/,//“
P N7

-~
HEADIG |\ @ =

\

(-) Most Recent Posimon PACKETS: 1902 200f e
gc7ok fFOOK T Bokft -l
TiME CALLsiGN Speep V. RATE ALTiTupe Most Recent
7:38:01 AE0SS-12 | 10 mph | 844 ft/min| 77,008 ft S

I A . ow. 28 < I TR 5 &

07:37:46 KCOD-2 9 mph | 850 ft/min| 76,854 ft k P . . P k -

07:37:16 KCOD-2 10 mph | 800 ft/min| 76,429 ft OS It I O n a C ets 40K ft "-~.

07:37:01 AEOQSS-12 | 7 mph | 800 ft/min| 76,164 ft e ' Th

07:36:46 KCOD-2 7 mph | 822 ft/min| 76,029 ft .

(+) MosT Recent Status PACKETS:

(-) Latest Packer Receve Parw: Pa Cket Origin: .

CALLSIGN Receive TiMe LasT 10 PACKETS / APRS-'S or RF
AE0SS-12 | 07:38:01 RIRRRRRRRR -

0 ' KCOD-2 07:37:49 | RRRRRRRRRR ‘ 30k ft .

Legend: newest----->o0ldest




EXAMPLE - DESCENDING

Relative Location
of Flight

.| Predicted Landing

Locations Y
BRAVO

Angle: 38 deg Brng: 62 deg

BaLLooN CooRDS

Distance To BALLOON

20.98 mi 39.920, -103.537
() Most RECENT PosiTION PACKETS: _ ‘ N\ \.\
‘*" :.— 20k ft .

TIME CALLSIGN SPEED V. RATE ALTITUDE F"I:(.C'IEJFI:')TZ Landi

08:14:31 AE0SS-12 | 15 mph | -8,198 ft/min| 90,139 ft =l '”9 ) Trackers
08:14:16 KCOD-2 |6 mph |-8,666 ft/min| 92,036 ft i

08:14:01 AE0SS-12 | 31 mph | -9,463 ft/min| 94,238 ft AEO0SS-12 Landing

08:13:46 KCOD-2 |23 mph | -9,296 ft/min| 96,369 ft T

08:13:26 KCOD-2 |15 mph | -8,754 ft/min| 101,017 ft . \“
(-) MosT RECENT STATUS PACKETS: . GOLF*»

TIME CALLSIGN PACKET e S i

08:14:17 | AEOSS-12 | EOSS Balloon Vbat=8.0V T=49F S LS 36

141345 Lk=3Diff/10 ltemp=49F T~ .
:13:49 | KCOD-2 ~ . .

i b bAIt=97664Ft Rel:7.5V 7.7V Latest Status \ .

08:13:19 | KCOD-2 | BT:-RELEASE SUCCESSFUL 4/ S

081312 | kCop.o | GPS DETECTED BURST: Packets o

o Altitude:105396 Ft o }{ .
08:12:49 | KCop-o | 141245 Lk=3Diff/9 Itemp=48F
bAlt=107146Ft Rel:7.5V 7.7V




CORE CONCEPT

APRS Packets
144.390MHz

144.340MHz
144.905MHz

- ' Graphical
Interface

Database

APRS Packets

145.645MHz
145.710MHz
145.535MHz

Data Acquisition Data Storage Presentation




BLOCK DIAGRAM noam.aprs2.net

Default:
Read-only
5 %
Qfé" \)5\0 c\’é’} lgating:
O v ® Read/Write
GnuRadio Dire Wolf Aprsc
F ek Channelize Sof TNC
- : : - Software
2m Antenna . iél\éle spectrum widith - FM demod - 1200 baud
* Downsample - AFSK demod
External Clients:
cwop.aprs.net PostgreSQL Database - EOSS TrackPoint
- APRSISCE
« YAAC
ac\( pPac - Xastir

- Web Server
OpenStreetMap
database and tile e
server - - SSL (https) Web browser on device of choice

(ex. tablet, laptop, phone)




ARCHITECTURE

One Process per

User SDR USB Dongle

Interaction

Web Server

GPS
DB Queries/Updates
PostgreSQL
Database

w/ GIS Extensions




» Separate processing chain used for each frequency
» Parameters are dynamically determined at startup (python based)
» Resulting audio sent to Dire Wolf for APRS decode

osmocom Source
Sync: Don't Sync
Number Channels: 1
Sample Rate (sps): 2.016M
ChO: Frequency (Hz): 145M
ChO: Frequency Correction (ppm): 0
ChO: DC Offset Mode: 0
ChO: IQ Balance Mode: 0
ChO: Gain Mode: True
ChO: RF Gain (dB): 30
ChO: IF Gain (dB): 30
ChO: BB Gain (dB): 30

O

Frequency Xlating FIR Filter

—— | pecimation: 21

Taps: lowpass _filter 0

Center Frequency: -610k

Sample Rate: 2.016M

Low Pass Filter
Decimation: 2
Gain: 1

o

FM Deemphasis
Sample Rate: 96k
: 96k
Sample Rate: 96k [J—{] Cutoff Freq: 6k

Lo Transition Width: 1k

Quadrature Demod
Gain: 24.4462

Window: Hamming
Beta: 6.76

AGC

Rate: 100u

H Reference: 1

Gain: 1
Max Gain: 65.536k

GNURADIO - FM SIGNAL PROCESSING CHAIN

Float To Short
Scale: 5.119%

UDP Sink
Destination IP Address: 127.0.0...0.1
Destination Port: 14k
Payload Size: 1.472k
Send Null Pkt as EOF: True

Processing Direction




GNURADIO: LOTS-O-PROCESSING CHAINS

[ ]
osmocom Source Frequency Xlating FIR Filter NBFM Receive G n U Rad I O
Device Arguments: rti=0 Deci Audio Rate: 48k Float To Short
: : ]
Sample Rate (sps): 2.016M Taps Fl,.e 1 . " Qua-dmturo Rate: 48k l >¢ Scate: 14336k |l
ChO: Frequency (Hz): 145M Cen Tau: 75u
ChoO: Freq. Com. (ppm): 0 Sam Max Deviation: 3.3k
Cho: DC Offset Mode: Off
ChoO: 1Q Balance Mode: Off
B f. ChO: Gain Mode: Automat Frequency Xlating FIR Filter NBFM Receive UDP Sink
enerTi t S Cho: RF Gain (dB): 40 Deci Audio Rate: 48k Float To Short | Destination IP Address: 127.0.0...0.1
ChoO: IF Gain (dB): 20 Taps F req 2 l " Quadrature Rate: 48k l Scale: 14.336k || b—[ Destination Port: 12001k
Cho0: BB Gain (dB): 20 Cen Tau: 75u Payload Size: 9k
Frequency agile (Within Sam Max Deviation: 3.3k Send Null Pkt as EOF: True
Frequency Xlating FIR Filter NBFM Receive UDP Sink
° Deci Audio Rate: 48k Destination IP Address: 127.00...01
Low-pass Filter Taps . FloatTo Short — -
spe Ct rum wi dt h) ID: lowpass._fiter_0 o Fre 3 L] - {| Quadrature Rate: 48k |} Scale: 14.336k || P | Destination Port: 12,002k
= ain'“épo Cen Tau: 75u Payload Size: 9k
P I I I : Sample Rate (Hz): 2.016M Sam Max Deviation: 3.3k Send Null Pkt as EOF: True
Cutoff Freq (Hz): 5.5k
a r a e p r O Ce S S I n g Transition Width (Hz): 1k Frequency Xlating FIR Filter NBFM Receive UDP Sink
:‘eﬂdow; Hann Audio Rate: 48k Float To Short | Destination IP Address: 127.0.0...0.1
ta: 6.76 - g
e (< e, Quadrature Rate: 48k Scale: 14.336k | Destination Port: 12.003k
rocessing chains bul Peyiond Size:
Max Deviation: 3.3k Send Null Pkt as EOF: True
[ J
dynamically at startup Spectrum Noe Rcans uoe i
Ao e 5 Foat o short |- Desinaion P Adarss: 12700..01
2 ® Tau: ;;u o il Payload ;?ze' 9k. '
Platform tested with up to ¢ Width e Devton: 3.3 o o EOF: T
° h . f 2 M H jiter NBFM Receive UDP Sink
processing chains oT ~ Z Audo Pate: ik Float To Short |- Destinaion I Adress: 127.0....01
Tau: 7r;u o iy Payload :?ze- 9k. '
Always listens on 144.39MHz S -
y -
Iter NBFM Receive UDP Sink
guu:i: R;m:;.;gk 48 Float To Short - ::tt::on l:o,A-td??g;e 127.00...0.1
Tau: T'ZU * o S Payload ;?ze' 9k- oo
Max Deviation: 3.3k Send Null Pkt as EOF: True
Iter NBFM Receive UDP Sink
Quadratre Rae: 48k s Destination Port 12007k |
Tau: 7r;u e S Payload ;?u' 9k- .
Max Deviation: 3.3k Send Null Pkt as EOF: True
jiter NBFM Receive UDP Sink
Quadrate Rae: 46k e Destinaton Port: 12008 |
Tau: 7r;u ‘ * S Payload ‘S);‘ze° 9k. '
Max Deviation: 3.3k Send Null Pkt as EOF: True




Channel #1

AUDIO FROM

sy
Channel #2

AUDIO FROM

s

Channel #3

AUDIO FROM q
GNURADIO

DIRE WOLF

Dire Wolf Configuration File

# RTL: © Frequency: 144.39MHz
ADEVICEO udp:12000 null

ARATE 50000

ACHANNELS 1

CHANNEL ©

MYCALL N6BA-10

MODEM 1200

FIX BITS 1

# RTL: © Frequency: 144.34MHz
ADEVICE1l udp:12001 null

ARATE 50000

ACHANNELS 1

CHANNEL 2

MYCALL N6BA-10

MODEM 1200

FIX BITS 1

# RTL: © Frequency: 145.535MHz
ADEVICE2Z udp:12002 null

ARATE 50000

ACHANNELS 1

CHANNEL 4

MYCALL N6BA-10

MODEM 1200

FIX BITS 1

..other config info..

APRS PACKETS
(TEXT)

Dire Wolf




APRSC

APRS-IS

Radio (Dire Wolf) SR a e

(server-side) aprsc Configuration File

Incoming ServerId E@SS@1949
PassCode XXXxXxX

Packets % MyAdmin "HAB Tracker"
MyEmail megemailnotset. local

RunDir data
LogRotate 10 5

Removes UpstreamTimeout 15s
ClientTimeout 48h
‘N D |i Listen "Full feed" fullfeed tcp :: 10152 hidden
PrSC Up cate Listen "" fullfeed udp :: 10152 hidden
Packets Listen "Client-Defined Filters" igate tcp :: 14580
Listen "" igate udp :: 14580

Uplink "Core rotate" ro tcp noam.aprs2.net 14580 filter r/39.75/-103.6/400
HTTPStatus 0.0.0.0 14501

Outgoing FileLimit 10000
Packets
O External Clients:
s EOSS TrackPoint
APRSISCE Note: Custom code added to APRSC for
custom server-side filtering of the full feed.
s YAAC

Database * Xastir




LANDING PREDICTIONS: ALGORITHM
Buring the Aseént
A

Wind vectors (N, S, E, W) are ] * Descent

saved from the ascent to be |- y
reapplied during the descent v = a(Alt — floor)” + b -
Updraft/downdraft wind o

vectors are estimated by
comparison to mean values

for ascent velocities [ Beginning |

: of descent

-
=
DN _
O}
—
L
> 1

During the Descent
Upper portion of descent
uses curve fitting (A) j ‘ il

Lower portion of descent © - o

uses drag equation for ~ '’

‘ oot * Landin
parachutes (B) 21 gt T o

Uses a piecewise, weighted

T A A L} ‘
80000 100000

— :
function for predictions ALTITUDE




LANDING PREDICTIONS: PLOTTING

About 0
A

Plotted separately for each beacon on pproximate burst | _____p

a flight location plotted on 94,977ft
lcon on the map (+ marks the spot) map for each beacon \

Runs automatically, no user

intervention required

95,01 0ft
®

Predicted landing
location plotted on

+ i map for each beacon

+ KCOD-2 Landing
AEOSS-7 Landing




FUTURE IDEAS

 Self aware beacons. Working to have the APRS beacons predict their own landing location and transmit that.

* Advanced mapping. Google Earth Pro and other online sources can provide satellite imagery, topographical, and
other maps.

* APRS messaging and status. Transmissions of arbitrary APRS status and message packets to enhance situational
awareness and communications.

* Analysis using GPU acceleration. Analysis of past EOSS and radiosonde flights could yield interesting results to be
leveraged with landing predictions.

* Higher performance SDR
» 5GHz Wifi

 NVidia Jetson for in-vehicle GPU acceleration of workloads

* Endless pursuit of decimal dust!!!




GETTING INVOLVED



WHERE CAN YOU HELP?

...wherever you want!
Customer relationships
Ground station
Launch team
Fill team
Tracking teams
FAA interfacing
Technology (beacons, tracking software, etc.)
Club leadership
Club website management
...and everywhere in between




PLEASE REACH OUT TO...

Who Callsign Email

Tom Londrigan
(EOSS President)

KE7KCK lawndragon@gmail.com

Jeff Shykula
(EOSS Vice President)

N2XGL jshykula@gmail.com



mailto:lawndragon@gmail.com
mailto:jshykula@gmail.com

THANK YOU




BREAK FOR LIVE STUFF



