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VIRGINIA

Preview of the Finale............... TECH.
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TNC Implementation Summary VIRGINIA

* Multiple implementation options exist
* Hardware TNC Ground Station
* Software TNC + Sound Card
» Software Defined Radio Receiver
» Software Defined Radio Transceiver

e Hybrid SDR RX / HW Radio TX implementations
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VIRGINIA
Hardware TNCs TECH.
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: VIRGINIA
Radio Sound Card Interfaces TECH.

Good ones offer optical isolation (optocouplers).

Appear as a soundcard to host computer OS.

HW control of TX/RX volume.

Deluxe Sound Card Radio Interface

®  SignaLink™ usB = MRy

_M‘V‘m“

Also used for non-packet modes. Make sure one with the proper
capabilities is selected.

Different non-sound related options available (such as PTT control,
and CW keying). Again, make sure one with the proper features is
selected.
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Software Defined Radios VIRGINIA

Receive Only

Transceivers (TX & RX)

SDRPlay B-Series USRP
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(! : VIRGINIA
The ‘S’ in SDR?...here are a few... TECH.
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VIRGINIA

Putting it all together TECH.
LOTS of options exist........ i g

>
....and combinations of options... \_‘

....now to decide?!?1?1.....
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Hardware TNC Ground Station

Antennas

Serial Audio/NRZ
AX.25/KISS Q PTT
)
Host Computer HW TNC HW Radio
Host Computer
4 N .
Hardware TNC Hardware Radio
VHF
Client COM . RADIO i
Software DORT SERIAL: SERIAL by [AUdio/NRZ/DIO DATA
UHF
. J
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Software TNC + Sound Card Ground Station YIRGINIA

DIGIBOX 2

USB / Serial Audio/NRZ
‘audio’ samples Q PTT
Q
Q
Host Computer SoundCard Antennas
Interface
Host Computer 4 Card £ Hardware Radio
— Sound Card Interface VHF RH VHE RE Chain
Card Sound L SpKR —Tx DATA
Driver | & —— CardIC .
Client Software S UsB (ADC/DAC) [ MIC [—RX UHF [=RF— UHF RF Chain
& —UsB—
Software [AX.25/KISS TNC A HUB —
coM (> — —DTR—| PTT [—PTF
PORT IC
(PTT)
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VIRGINIA

Software Defined Radio Receiver

uUSB
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VIRGINIA

Software Defined Radio Transceiver

Ethemet (UDP/VITA-49)
Digitized RF Samples (1Q)
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NOTE: This is basically the chosen VTGS architecture
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TNC Connection Overview.
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Hardware Radio DATA Jack VIRGINIA

TECH.

ICOM-9100 Example What is it for?

i e Used for packet operations.

© 144MHz Antenna Connector
© 430/440MHz Antonna Connoctor
© Ground Terminal

8 i T v * Bypasses audio filtering (which can distort
digital communications).

Rey TS
@ ALC Input Jack
® Send Control Jack
® ACC Socket

® C1-V Remote Control Jack

U5 Comect e Standardized PS-2 Connector and pinouts

® 1200MHz Antenna Connector (With opticnal UX.9100)
@ Extornal Speaker Jack (Main)

® Extornal Speaker Jack (Sub-band) across ven d ors.

* High speed (9600 baud) and low speed
(1200 baud) packet access.

e Connects to ‘Radio Port’ on TNC.

3/23/2018 TNC Interfacing Tutorial 17




VIRGINIA

FM Transceiver (simplified)

Tuning Control
(the BIG knob) Demodulator Volume

RX Channel AGC (FM Discriminator) Control

Filter B} i
\ j \ De Errlphasw/ Speaker
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R (L E®<HE = Imw{
Control \ \
TX Filter TX PWR _
Control Pre-Emphasis
\ J
|
RF Stage IF Stage Audio Stage
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FM Transceiver — DATA Jack Tap Points ¥|'E%?_|'N A

\Kj X i“"@—’ Z
S B

T) DATA IN
;r N T ot
g— 4 DATA OUT(oeoobps)—H * Selecting 1200 Baud packet mode on radio menu connects 1a tap point

“\E @/_I— & s0L e Selecting 9600 Baud packet mode on radio menu connects 1b tap point

""""""" ; ?%%JT“E":":':'FEJ « Unsure if pins 4 and 5 are affected by this menu selection. (TEST!)

e
’ZE
/\
&
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: VIRGINIA
Hardware Radio DATA Jack TECH.

DATA2 PIN No. NAME DESCRIPTION SPECIFICATIONS
Input terminal for data transmit. Input level (1200 bps) : 100 mV From 1C-9100 Manual
1 DATA IN (1200 bps: AFSK/ Input level (9600 bps) : 0.2 to 0.5 Vpp |
9600 bps: G3BUH, GMSK)
a GND Common ground for DATA [N, DATA
OUT and AF OUT.
PTT terminal for packet operation.|Input voltage (High) :20Vtio 20,0V
3 PTTP E;:unnsnrﬁin;te:n ground to activate the|Input voltage (Low) —05Vto+08YV Probably want MAIN assigned to uplink so
Rear panel view — - h hen PTT is tri h i i
P A DiTA ouT+ | Data out terminal for 9600 bps op- | Output impedance 10 ki) t aEhw Uenl' K FIS tnggeredé':cJBe radllc()j ’E[r:nsrguts
eration only Output level 1.0 Vpp onthe dri |nD recr.uincy.t‘ thwou ent e
= AF OUT* Data out terminal for 1200 bps op- | Qutput impedance 4.7 ki) assighed to bownlink noting the commgn >
eration only. Output level . 100-300 mV rms | Pelow. Could be totally wrong about this,
Squelch out terminal. This pin is|SOL open Le=s than 0.3 V/ espec:q/ly if 1C-9100 {105 a sate/llte.mode of
grounded when the transceiver re- = mA operation that overrides these settings.
ceives a signal which opens the |S0L closed : More than 6.0 V/
sguelch. 100 pA
a saL* * To avoid interfering transmissions,
connect squelch to the TNC to inhibit
transmission when squelch is open. 52. DATA AF/SQL Select (Default: MAIN)
» Keep RF gain at a normal level, oth- Set the [DATAZ] socket's pin 4 (DATA), pin 5 (AF) and
erwise a “S0L" signal will not be out- pin 6 (SQL) output usage.
put.
* The pin 4 (DATA), pin 5 (AF) and pin 6 (SQL) output capabilities are for the MAIN Band's AF and squelch by de- |" AN f;ﬂjihthe MAIN Band's receive audio and
fault. You can change this setting in “DATA AF/SQL Select” of the Set mode. (p. 166) «SUB - Sends the SUB Band's receive audio and
squelch.
3/23/2018 TNC Interfacing Tutorial 20




Hardware Radio DATA Jack VIRGINIA

TECH.
DATA Jack to TNC Pinout/Cabling TNC or Soundcard Notes
INC or Soundcard e Each vendor is different.
DATA Jack Signal Interface Equivalent * Different connector styles, different
Signal pinouts, different settings.
* Must consult the manufacturer
documentation to properly configure and
 DATA IN X AUDIO—) fabricate interface cable.
4'1 rl— GND
;é @a * Some TNC/Soundcard vendors sell pre-
E]—d DATA OUT{96000ps) —— AX AUDIO— - . . epe
u\g [g]—l_  saL- | saL fabricated radio specific interface cables.
""""""" R « MUST pay attention to signal levels

(volume control) on DATA IN (1), DATA
OUT (4), and AF OUT (5) pins to avoid
signal distortion (lost packets).
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Hardware Radio DATA Jack — Additional Notes

VIRGINIA
TECH.

Volume Control

 The AF OUT (5) and DATA OUT (4) Pins bypass
the majority of the audio conditioning
circuitry. This is to avoid distortion. This
means that the VOLUME control knob on the
radio has no effect on the voltages output on
these pins. The human operator can set the
volume of the radio speaker to a comfortable
level for monitoring without affecting the
voltages output on these pins. Most TNCs
have a configurable ‘input gain control’ (or
similar) setting to set this at an optimal input
level for the TNC. Most sound card interfaces
have an ‘RX knob’ which is essentially a
volume control for the same purpose.

3/23/2018

Squelch Pin (6)

SQL (6) connection is optional. Purpose is to
inhibit Transmit when open (signal detected).
For satellite work, recommen Ieavini
disconnected so that the squelch can be
completely opened on the radio. This will
allow a human operator to listen to signals too
weak to decode ﬁike near AOS/LOS) to
monitor system performance without
inhibiting transmit (uplink) capability.

This pin is most useful for Terrestrial APRS use
when in a cluttered RF environment (many
transmitters on same frequency and bursty).
This pin is usually connected to a ‘Data Carrier
Detect’ Pin on the TNC to inhibit TX when
signals are detected on the channel in order
to avoid packet collisions.

TNC Interfacing Tutorial 22



Hardware Radio DATA Jack — Additional Notes VIRGINIA

TECH.
Push To Talk (PTT)

* The PTT (3) pin is used to enable transmit on the radio.

* Itis tempting to connect directly to the TNC (that’s what
the manual says to do right!?1?).

* For satellite work, usually this is not actually desirable
because there are multiple devices that need to ‘see’ the
PTT signal to switch the entire system (not just the radio)
into a transmit state.

* Devices that need to see the PTT pin include the Low Noise
Amplifiers, The High Power Amplifiers, the Radio and
sometimes additional devices (such as coax relayﬂ
depending on the specifics of the ground station design.

* Normally, this pin out of the TNC is used to trigger a device
called a ‘sequencer’ that has multiple PTT output channels
with configurable delays between each channel. The radio
ETT sigglaldon the DATA jack is usually the LAST PTT signal to

e enabled.

* More on Sequencing later........ its important!
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TNC Connection Overview.
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Some Examples VIRGINIA

TECH.

* Hardware TNC And Radio: KPC-9612+ TNC & ICOM-9100
* Sound Card Interface and ICOM-9100

* Software TNC Examples (for sound card interfaces)

* Software Radio Receiver Example

 ‘Client Software’ Examples

3/23/2018 TNC Interfacing Tutorial



HW TNC To HW Radio Example VIRGINIA

KPC-9612+ ICOM-9100

————————————————————————
POWER NR -2 NOTCH 7 - TWIN-PBT

= ) i )

i AR,
NR NOTCH s o i G 7 A G PBT-CLR,  SUBDIAL
.PHOrES‘ I AF-9-RF/SQL J 7Y R e o G s
| NI = . »
! ELECKEY

AIT | 4TX| CLEAR
RIT/ATX

P —— P

CWRTTY AM/FM OVER FILTER S

] B VodEkN oo

L o G e NN

* Port1- Low Speed (AFSK1200)
* Port 2 — High Speed (FSK9600)

*  Computer = Serial
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HW TNC To HW Radio Example

Terminal KPC-9612 Plus | Computer Computer Terminal
Name Terminal Terminal Number | Number (DB-9)
Number (DB-25)
FG 1 1 N/A
TXD 2 2 3
RXD 3 3 2
Terminal Nr | Nomenclature | Function
RTS 4 4 7 . .
1 TXA Transmit audio (AFSK out)
CTs 5 5 8 2 XCD External carrier detect
DSR 6 6 6 3 PTT Push-to-Talk
SG 7 7 5 4 CTLB(1200) | Control line B (1200 Port)
5 RXA Receive audio (AFSK in)
DCD 8 8 1
6 GND Ground
DTR 20 20 4 -
7 EXT-IN External input for Power/Reset*
Shield Shield Shield Shield ] CTLA(1200) | Control line A (1200 Port)
9 GND/RESET Ground (may be configured as external reset)*
Shield Shield Shield

Cable Fabrication Time!

3/23/2018

Terminal Nr  Nomenclature  Function
1 PTT Push-to-Talk (output)
2 RXA Receive signal (input)
3 TXA Transmit signal (output)
4 RXD Receive signal (digital input)
5 (not used)
6 CTLA 9600 Control line A (output) (High Speed Port)
7 CTLB 9600 Control line B (output) (High Speed Port)
8 RXS/IN Receive quality (output)
9 GND Ground
10 GND Ground
1" GND Ground
12 RXC Receive clock (output)
13 XCD External carrier detect (input)
14 ANGD Buffered A/D (input)
15 AN1 Buffered A/D (input)
Shield Shield Shield

TNC Interfacing Tutorial

VIRGINIA

DESCRIPTION

Rear panel view

DATA IN

Input terminal for data transmit.
(1200 bps: AFSK/
9600 bps: G3RUH, GMSK)

GND

Common ground for DATA IN, DATA
OUT and AF OUT.

PTTP

PTT terminal for packet operation.
Connect to ground to activate the
transmitter.

DATA OUT*

Data out terminal for 9600 bps op-
eration only.

AFOUT*

Data out terminal for 1200 bps op-
eration only.

saL*

Squelch out terminal. This pin is
grounded when the transceiver re-
ceives a signal which opens the
squelch.

* To avoid interfering transmissions,
connect squelch to the TNC to inhibit
transmission when squelch is open.

« Keep RF gain at a normal level, oth-
erwise a “SQL" signal will not be out-
put.




KPC-9612+ TNC to ICOM-9100 DATA Cable VIRGINIA

|————————= XCD — — - PTTP
AF OUT (1200bps

O
! o= GN — SQle — — —
- 200_7 P | L] __I__SQL____ @)6['5
0 (| LOW SPEED DATA CABLE N (TN E
I D — —1 | | (9600bps) 2
5 o1 | SHIELD N DATA2
O _J SHIELD I
KPC-9612+ DB-9 Male —~GND (PS-2 Male)
. |——DATA IN
PTT- |
I
SHIELD I
RXA Y s S—
Port 2 —— -
[ — — HIGH SPEED DATA CABLE
2o o | GND
“10 Jlu |
3 @ GND—
"TPolul o T T T Qscll0SC0pe, [Sonsa | [BE]
_OO 2 e ] CALIBRATION CABLE o = B Eye Diagram
=107, | — _JI (OPTIONAL) .
O e Monitor
2 P Loy
I 0 | shElD — )
| —158-15 Male |
| (NOT HD version!) :

— — — —RXS/N — — —
NOTES RXA RX SNR
1. Port 1 (AFSK1200) Controls Transmit (PTT) Since this is the uplink rate. ' Monitor
2. Port 1 (AFSK1200) Can also Receive (not needed, but useful for testing, related to KISS Protocol).
3. Recommend NOT Connecting Squelch (SQL/XCD) Lines to Data Jack (used For TX inhibit).
4. Dashed Lines are optional (SQL to DATA and Calibration equipment).
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KPC-9612+ TNC to HOST Computer Cable ¥|'E%?_|'N A

CTS

RTS

DCD

DSR
RXDr
1 \
TXDr O
1—'0\ 2 OO
| 14 | 7
I -q0 eo@eme o 2 Ogi ] Og_g
* @0 == @ 3 O(}i 4 OO——Q
4 _O 5 O
o1+~ =
oo . USB T
1Ol FEMALE 3 To
) Otz DTR Serial
8 R
5 SOA Adapter**
&_Oo_i
| 23
L_Ogi
210
O—i
—-10 SHIELD
NOTES: 5G
1. SG/TXD/RXD/Shield Are Required! DB-25 Male
RS-232 - DCE

2. Other Signals are optional.
3. FTDI Converters can cause EMI/RFI and ‘splatter’ receiver front ends.
**Keyspan USA-19HS USB to Serial to converter is a recommended ‘known quiet’ device.
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SoundCard Interface To HW Radio Example VIRG |WN|A

DIGIBOX2 ICOM-9100

——————————————————————————————————————
POWER NR -2 NOTCH = = - TWIN-PBT

o
A ) PN e 1 1 e TRANSCEVER IC~9100 ) r //.w.\
' TRANSMIT / ) ¥ A |
2 % o UB |
DlG'B g TUNER

" 8 @™ wo
WNTEE NR NOTCH Ros 1 = Al TR PBT-CLR,  SUBDIAL

' ~ D AF-9-RF/SQL o it o TSI
A MP-R Vi M-CH -@- SUB DIAL
- | PHONES = “

O A

ELECKEY

o~ N 4
'K_)‘ Ao frsoL

1 w AN

CWRTTY AM/FM OVER FILTER
‘ MICGAIN  RFPOWER CWPITCH  KEY SPEED
% A & ; P D N VoG oNToR

RADIO PORT

= v v 5
%‘ - g ‘.....
)
’
i

REAReve
| @ @@‘o@o ®

icam e prenyen

RENREEE
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Digibox2 Interface To HW Radio Example

VIRGINIA

DIGIBOX 2

DIGIBOX 2

oD THIS IS WHAT YOU NEED DATA IN
S5~ (minimum) FOR OGMS-SA gl
O+—=>—aAupioIN
O oz TRANSMIT = LOW SPEED (AFSK1200)
-O ols RECEIVE = HIGH SPEED (FSK9600) [——DATA OUT:
N DATA CABLE ® ocogesle o
® O+——FTT [1—CND O = " @D
O SHIELD ———SHIEL
DB-9 Male DATA2
(PS-2 Male)
NOTE: In order to test this connection you need an FSK9600 Transmit reference signal. CANNOT use this cable with local APRS transmissions for testing.
DATA IN
PTTP
MOD
AF OUT:
’O\ THIS IS WHAT YOU HAVE
O1+—=2—~aupio N
e (@) LOW SPEED DATA CABLE =
o)
O+ TX/RX = LOW SPEED (AFSK1200) © co@eEe o
.O ° GND — H et @D
O PTT e 138
O SHIELD SHIELD
DB-9 Male DATA2
(PS-2 Male)

NOTE: Can test this configuration with local Terrestrial APRS signals (useful for testing higher layer AX.25/KISS interfaces).

3/23/2018
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Digibox2 Interface To HW Radio Example - Hybri VIRGINIA

DIGIBOX 2 DATA IN
1 [~
O 6 HYBRID DATA CABLE

’ O AUDIO IN | A HINN 00 co@eEe o
—0 o=~ TX = LOW SPEED (AFSK1200) —_l—AUD'O—C * @ == D

3
—O ole RX1 = LOW SPEED (AFSK1200)
210 ol — RX2 = HIGH SPEED (FSK9600) GND

PTT
2 ~O/ SHIELD SHIELD
DB-9 Male 5 DATA2

(PS-2 Male)

* Option for switchable low speed or high speed connection

e Can select RX1 (AFSK1200) for low speed testing with terrestrial APRS signals. Can also use to test other system
functionality against satellites (doppler control, antenna pointing, etc.).

* Once confident with higher level AX.25/KISS processing and satellite tracking (Doppler, pointing) can then switch
to RX2 (FSK9600) for testing against 9600 baud satellites.

 NOTE: Thisis a logical diagram, fabrication details are left to the experimenter to decide.
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VIRGINIA

Dual Digibox2 Interface To HW Radio Example TECH.

MOD
~— DATA IN
DIGIBOX 2 L O 6 P'I—]'In
D A ) O AUDIO IN— :
¢ s a8 0 o4+~ LOW SPEED DATA CABLE _I—AFOUT M RS
-0 ole TRANSMIT = LOW SPEED (AFSK1200) iiiiilii “e0 cogese o
“1o070, | RECEIVE = LOW SPEED (AFSK1200) s B s T @
O PTT:
5
O SHIELD
5.5 Mal
= 6ND GND

'O\ ——SHIELD——————— DATA2
6
— AUDIO IN

N o | (PS-2 Male)

O+~ HIGH SPEED DATA CABLE
-O 8 DATA OUT

o+ RECEIVE = HIGH SPEED (FSK9600)
-O O_ 9 [ | ——GND
O SHIELD
ﬁ Male

GND

3/23/2018
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Digibox2 COM Ports (Not Soundcards!) ¥E%?_|'_NN'A

DIGIBO X2
OptoCoupler LVLCTRL Sound Card Interface
SoundCard IC MIC MIC
(ADC/DAC) SPKR SPKR AUDIO IN
\
UsB MoD————O ]
HUB el RXD 210 *
ETDI IE R)(D_B_ci/C 3 O——7
coma LEIS] DA ™D O Ol
 TXD-A—o | 8
(pTT/cw) [RXDj— B_K%/OJ PTT 10O o
N [TXD —TXD- . O1—
GND O
\ " o*k4 o A —
[DIR )
FTDI DTR-A— CcWwW
COMB [RTS | RTS-A
(CAT) RXD — DTR-B—|—
m_ RTS-B

o XK30

Jumper positions for this Example:
COM A = PTT/CW Key Control (Transmit Signal)
COM B = Yaesu’s Computer Aided Transceiver (CAT) = ICOM’s CI-V = Computer Tuning Control
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Software TNCs (for soundcard interfaces VIRGINIA

TECH.

SoundModem (AFSK1200) High Speed Soundmodem (FSK 9600)

Soundmodem =100 | “ | High-Speed SoundModem by UZZHO - Yer 0.18b - [FSK G3RUH 9600bd - FSK G3RUH 4800bd]
Settings View Clear monitor About Settings  Wiew Clear monitor  About
cha [1700 ={ & che [2200 =] & DCD threshold |' — _| ————— | Hold poiniers [FSKGIRUH %600bd  v| DCDA ® [FSKGARUH4300bd v DCDB @  DCDwweshod | [
LR P T . o i o4 o= b R s ———————t
1:Fr KAIMOS Ta lD Vis KJABIZ LSS0 <L FAC Pid=F0 Ler=75> [04:45 44R] :I 1:Fm PFS3-11 Ta STATUS <UI R Pid=F0 Len=11> [UTC:15:0%:51R] [AA] [+++++++] &
KAIMOSAET NODE +aDmos-9 BB S kalmos NETROM-kalmaos-7 chat-kalmos-4 N5 Canada B: 4818703
L@FE:HETZDJMDSJ ToNODES <UI F/C Pid=CF Len=7> [04:46:456) 1:FmPFS311 To PBLIST <Ul B Pid=F0 Len=115 [UTC: 1509 54R] [AA] [+++++++]
FE: Empty.
1-Fen WEDAV-15 To KIVS0-1 <SABM P/C> [04:47-46R] e
T:Fm KAIMOS To 1D Via KJABIZ KRS0 <L FAC Pid=FO Len=75: [04;55: 44R] 1:Fm PF531 Ta TLMS-1 <Ul R Pid=F0 Len=35> [UTC:15:0%:56R] [&A4] [+++++++]
KADMOSAET MODE +.a0mos-3 BB Sk almos METROM-kalmos-7 chatkalmos-4 NS Canada CO:BD £1:00 C2:F1 C3:50 C4.F1 C5.03 —
1:Fm KADMOS Ta ID Via KJ4BIZKSVSD <UI F/C Pid=F0 Len=755 [05:05:44R] LFmPES3T To TLMLA <Ll R FideFD Len=4> [UTEAG09STRIIA] L rrres]
KADMOSAET NODE & a0mos3 BESkalmos METROM:-kalmas-7 chatkalmosz-4 NS Canada : -
1:Fm PFS31 Ta USAFA-T <Ul R Pid=F0 Len=29> [UTC:15:09.57R] [44
1-Fm KADMOS-7 To NODES <UI F/C Pid=CF Len=7> [05:08.25R] T oA Fa=F 0 Len=2% | TBA frreese]
AERGEHZ0 1:Fm PCTRL-8 To PCTRL-B <Ul A Pid=F0 Len=23 [UTCG0%58R] [Sa] [+++++++]
1:FmWETHLA To K3YS0-7 <548 F/Cx [0510:15R] CTRL: mode=9 torgll elog=1 alog=0
1-Fr WETHL-1 To K9WS0-7 <RR F/R Ai2> [0510:23R] =l 1:FmPFS311 To FBLIST <UI R Pid=F0 Len=115 [UTC:15:10000R] [AA] [+++++++]
e an i am . —— - et —— PBEth}'
hyCall DestCall  [Status  [Sentphts [Sentbytes |Acvdpkis [Acvdbwes [AcvdFC [CPS T [CPSAX  |Diection | _
1:FmPFS31 Ta TIME-1 <Ul R Fid=F0 Len=64> [UTC15:10:01R] [A4] [+++++++]
PHT: uptime iz 89410:01:26. Time iz Sat Sep 22 15:22:30 2017
1:FmPFS31 Ta LSTAT <Ul B Pid=F0 Len=48> [UTC:15:1001R] [A4] [++-+++++]
| P:0x1 348 o0 27868 27885, d1 st5 e
1:Fm PFS31 Ta TIME-1 <Ul R Pid=F0 Lan=64> [UTC15:10:08R] [A4] [+++++++]
PHT: uptime iz 894,/10:01:31. Time iz Sat Sep 23 15:22:35 2017
1:FmPFS31 ToLSTAT <l R Pid=F0 Len=48> [UTC:15:1006R] [84] [+++++++]
| P:0x1348 o0 27868 (27885, d1 sthec?
1:FmPFS3-11 To PELIST <UI R Pid=F0 Len=113 [UTCAS10007R] [BA] [+++++++]
FB: Empty.
1:Fm PCTRL-G To PCTRL-8 <Ul R Pid=F0 Len=33> [UTC:15:10:03R] [S4] [+++++++]
CTRL: mode=4 torgl elog=1 alog=0
1:Fm PFS31 Ta TIME-1 <Ul R Pid=F0 Lan=64> [UTC1S10:11R] [A4] [+++++++]
PHT: uptime iz B94,10:01:36. Time iz Sat Sep 23 15:22:40 2017
1:FmPFS31 TaLSTAT <Ul B Pid=F0 Len=48> [UTC:15:1011R] [84] [+++4++++]
| P:0x1348 o0 27868 27885 d1 sthecd %
1000 2000 3000 4000 B0 E000 0 g 16000 1
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Software TNC - AGW Packet Engine

VIRGINIA

TECH.

Properties for Port1

| #2 Tne Setup @ Tnc Commands

sg[gpl F‘ort Tnc Type
?7CDM > v Select Your The Model.
Be carefull for Modems like v
Baycom etc need also the
Baudrate. The Sub Type
Select The special KISS

SernialPort/modem M,,O,dej B -
BaudRate KISS Simple ",i
9600 v/

Tnc RadioPort

Port Description [Frequency, BaudR ate etc)

TV 1 45 650Mhz 1200baud

Port2
Port3

Port4

?IX]

Tnc Control Commands
IniKiss1 |

IniKiss2 I
IniKiss3 | - The Setup :
ExitKiss On Exit Single Port Thc uses only Left Ch?annel Right Ehfannel
the Left Channel. Far Ordir BaudA ate Ondir BaudA ate
(® SinglePort Dl Port Check fram - =
? Previous Dialag The Dual 1200 J !2400 J
© DualPart Part FadicB uttan,
O Quadraple Port Adjuzt The Soundcard Adjust The Soundeard
Clock. Defualtyalue iz 4. Clock. Defualtalue is 4.
[f you encounter problems
Ports Kiss Id while: T, Dizable
: J Fullduplex
0 Iq, vI Iq_ vI
[v FullDuples Driver
— SoundCard Selection
If you Have more than a SoundCard Select the Card to Uze for Packet. The other card
Will be used as usual
[ oK ] [ Cancel ] ﬁEreative Sound Blaster PCI j}

SoundCard Modenm,;TNC Setup

The PTT lines for Serial Portz are for Left Channel the BTS line and for

Right Channel the DTA line.

Frinter Part can be uged for PTT . Ping 2 or 3 are for Left channel and pins

Bor 3 for right channel.

3/23/2018

Cancel |

TNC Interfacing Tutorial

%% WinSock 8 HTTP Interface Setup ? *

b WinSock Interface P=b WinSock Intefface Securty & HTTP Interface

Enable/Dizable

Thiz interface allmw Packet Applications to Communicate With Packet
Enaine using the TCPAARP protocall. That way you can run Packet Engine
it & computer and fram ather computers in the Metwaork, you can access
the THLC[z].

Enable Winzock TCPAAP Application Interface <j

Setllp

Enter the TCP Port where this Interface Listenz. The default walue is ok for
almozt ary ‘wWindows Configuration. Dont change it unless you know how
to configure also the Packet programs that use this interface.

e ] {3

Cancel Anply




VIRGINIA

Software Defined Radio Receiver - Example TECH.

Host Computer Software Radio Receiver

Client TcP/Ip_| Software SDR SDR 5 Z|
nal R |2 uso o "
Software Slgna. Driver | & Chain
Processing =]

W UWE-3 Online Telemetry DECDdEV»UZ(’GWN) %4 SDR# v1.0.0.1327 - 1Q Imbalance: Gain = 1.035 Phase = 0.074° =N =
File Options Info
@ AGW i h k. —
® o crmn el W O ] 437.377.000
Status Temperatures ¥ Source Pl Zoom
" beacon rate B0 zec " OBC temp
i event indicator th3EDD i ¥ panel temp [RTL_SDR /USB ']
™ uptime 335352 {4 panel temp
since boat 3d21:09:12 Y panel temp
" RTC | 2016/01/0312:04 (™ 4 panel temp NEM B | T—— ' I
" -Z panel temp ) - i 'L~‘lu' i, , » '|,-‘|If.|" v —
" slate (@] 01000011 " +Z panel temp @ WEM (0 DER 0 CW D) RAW
Shift
i s 0 Gontrast
V Filter [EIackman—Harris 4 v]
£l Bandwidth COrder
MEM check 15000 = 100}
local last scan local PSA last scan remot GW Shitt
local last event loc:al PSA last evert remih e B0~ | (|
DBC temp [C] FM Sterea || Step size
12 \ Garrect IQ
g
& High-Speed SoundModem by UZ7HO - Ver 0.03b AGC (.
Settings View Clear monitor About FFT Display
I | e
DCD A ® DCDE @ DCD threshald [ b b IF Spectrum Ottt
.......... Spectru
1:Fm DPOLWG To DDOUWE <UI R Fid=FO Len=41> [21:00-1 28] Frequen 437,377,000~
d ddafl>BIRUCT du i@iaashs -
1:Frn DPOLWE Ta DDOLUWE <Ll Rt Pid=F0) Len=415 [21-01-157] e 437,325,000~
& ddDZ 1 WE3UCY dwirey i p» QPSK Demodulator *
1:Fm DPOUWG To DD <UI R Pid=F0 Len=41> [21:02:12R] ~ .
f ddl™l> IPCE3UCWds p Satellite Tracker
1:Fm DPOUWG To DDOWWE <UI R Pid=F0 Len=41> [21:03:12R] R ding *
a ddZ/> A0 Cw e dedice DR E— [
1:Fm DPOUWG To DDOWE <UI R Pid=FO Len=41> [21:04:12R] -
h doffil> eE 130 Chwv dsi miemiig
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Client Software Examples — AMSAT FOX Software

VIRGINIA
TECH.

3/23/2018

Satellite Fox-1A(FM) Mode: TRANSPONDER

Radio

R¥ Temperature (C) 417 199 408

RSSI (dBm)
TX Antenna
R¥ Antenna

+X Panel

Temp (C)
Woltage (V)
Rotation (dps)

Last Realtime: Resets: 0 Uptime: 89591

Computer

Temperature (C)
RT MIN MAX Battery [2C
PsU1 12C
PSUZI2C
Ground Resets
Diagnostic Info
Hard Error
Soft Error

-117.1 -170.1 -370.0
Deployed
Deployed

Max: Resets: 0 Uptime: 89558

Telemetry Payloads Decoded: 28

RT  MIN
668 414

Spacecraft Spin (rpm) 0.0 0.0

FAIL Battery
OK
OK CellA+B+C (V)
0
spind: -8257493
wdOec1mrOnfOtn ..
dac235i2c13spi 0 ..

P5U

RT  MIN
Current (mA) 6.3 59
Board Temp (C) 438 211

+Y Panel

Temp (C)
Voltage (V)
Rotation (dps)

Experiments
RT
Vanderbilt Radiation QK

+Z Panel
MIN MAX
3835.0 -14.6 Temp (C)

0.0 54 Woltage (V)
-26.0 284 Rotation (dps)

Min: Resets: 0 Uptime: 50083

RT MIN  MAX
402 384 450

RT  MIN
138 425
3.8 0.0

117 270

-X Panel

Temp (C)
Woltage (V)

-¥ Panel

Temp (C)
Voltage (V)

-Z Panel

Temp (C)
Woltage (V)

RT MIN MAX
16.8 431 -145
1.7 0.0 5.6

Captured: 2015/10/08 17:57:36

g [/] Display UTC Time

[C]Dis

Version 1.00a - 22 September 2015 Logs: D:WWIN32APPIHam\EnDecode\Telemetry\FOX\Log

TNC Interfacing Tutorial

Audio missed: 0.0% /0 Decoded: 52 Gueued: 0




Client Software Examples — COSMOS!

Command Sender
©

- S
w o Y,
8 coovos Jifs cosvos)

[§cosvos]
Command Replay Limits COSMOS MATTED LIGHT TEMP

and Monitor
000 umitsmonicor TR

Co Limits | Log |

rrypi2b... x o

gs/2015 08 24 14 54 35 tlm.bin

Monitored Limits State: Yellow - Some Items Ignored e

b)

e b)

q  TEMP: 5.484C | [ BTN Ignore :

g [T 79179 | ST T M| ignore {
Tel

gl )

NROm

warning: Some Telemetry Items are Ignored
-w ’;.——— 1 L) L II---

E

Instrument Graphs

U RPI TLM TEMP RPI TLM LIGHT

A

<

el 7546

@ """""" 79.41

=1 79.36

TEEED 79.31
’[ 79.26
‘ T o e e L
R 79.16 f
R 100.0 1.0 100.0
R

RPI TLM 2015/08/24 14:56:54.319 81.2316715542522 15.806451612903231

AT Y s~ A A At d A S o e e AA mA Al A A~ A An e AmA A~ A~~~

@ Firefox automatically sends some data to Mozilla so that we can improve your experience.
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VIRGINIA
TECH.

i B @) 3:07PM 3%

Command Sender
Target: RPI 2| Command: |START_TLM 3 Send

Description: Start telemetry for all sensors

Parameters:

Name Value or State Units 2scripti

STREAMID: 2056 Stre...

SEQUENCE: 0 Sequ...

LENGTH: 0 Length v

Command History: (Pressing Enter on the line re-executes the command) Logging | Stal
SECONDS 0, SUBSECONDS 0, APPNAME 'Sensors', EVENTID 0, z B et
SPACECRAFTID 0, PROCESSORID 0, MESSAGE '"MNT', SPARE1 0, Fry i

SPARE2 0") 686
cmd("RPI START_TLM with STREAMID 2056, SEQUENCE 0, LENGTH 0,

== e e e S s ~/F0

cmd("RPI START_TLM with STREAMID 2056, SEQUENCE 0, LENGTH 0, SE( 4137

INST2

INST2_INT 0 14158
META 0 0
RPI RPLINT 7 417
TEMPLATED TEMPLATED_INT 0 0

2015/08/24 15:04:50.558 INFO: Connection Lost for INST_INT
2015/08/24 15:04:50.558 INFO: Stopped packet reading for INST_INT
2015/08/24 15:04:50.567 INFO: Disconnected from interface INST_INT

2015/08/24 15:04:50.891 WARN: INST2 HEALTH_STATUS GROUND2STATU
2015/08/24 15:04:51.328 INFO: User disconnecting interface INST2_INT
2015/08/24 15:04:51.328 INFO: Killing thread for interface INST2_INT
2015/08/24 15:04:51.329 INFO: Clean disconnect from INST2_INT (returned 1
2015/08/24 15:04:51.329 INFO: Connection Lost for INST2_INT

2015/08/24 15:04:51.329 INFO: Stopped packet reading for INST2_INT




*¥*¥**Client Software — The Point!**** ¥|'E'§:?_|'N IA

Satellite Fox-1A(FM) Mode: TRANSPONDER Telemetry Payloads Decoded: 28
Last Realtime: Resets: 0 Uptime: 89991 Max: Resets: 0 Uptime: 89558 Min: Resets: 0 Uptime: 30083

Computer
RT  MIN  MAX
Temperature (C) 668 414
Spacecraft Spin (rpm) 0.0 0.0
Baltery 12C FAIL Battery
PSU112C oK RT MIN

RSSI (dBm) -1171 -170.1 -370.0 .
B e PSU2 I2C oK CellA+B+C(V) 402 394 450 Satel | Ite

Ground Resets 0
RX Ant Deployed
nienna B[EOyel Diagnostic Info spind: -8257493

Radi
RT MIN  MAX
RX Temperature (C) 417 199 4038

Hard Error wd0ec1mr0nf0in
Soft Error dac235i2c 13 spi 0 XY 2
EﬁE Command Sender
gs/2015 08 24 14 54 35 timbin psuU
- =
Target: RPI : Command: |START.TIM = send Experiments
Corvmand  Relay  Umis  COSMOS WMATTED LIGHT TEMP IR RT  MN MAX
[ o ) i 1 e el e ETERY el = Vanderbilt Radiation  OK elecomman
S i \ Parametess: Board Temp (C) 438 211
<4 Name Value or State Units  »scripti
¢ Moniored imics st Yellow - Some Items Ignared of T pe o n l
q TEme: T gnore ; SEQUENCE: 0 sequ. } \
3 o e | T ignore 1 LENGTH: [ Length| |-
3 I Command History: (Pressing Enter on the line re-executes the command) jgogging . stal EXiBansl gEXEanel panel
Tl £ SECONDS 0, SUBSECONDS 0, APPNAME 'Sensors', EVENTID 0, MIN - MAX
| EEm o I I o | oo elemetry
SPARE2 0")
L‘:’“'”‘”‘? ot B “""?"°‘““’ P e DA md{"RPI START_TLM with STREAMID 2056, SEQUENCE 0, LENGTH O, Voltage (V) Voltage (V) 00 54 Voltage (V)
RPI START_TLM with STREAMID 2056, SEQUEN Rotation (dps) Rotation {dps) 260 284 Rotation {dps)
INSTZ INST2_INT 0
psaien: Gaelis e ) o X Panel ¥ Panel -Z Panel S O ftwa re
RPI TLM TEMP = RPI TLM LIGHT - e = e MIN MAX
H ¥ 79 r i TEMPLATED TEMPLATED_INT 0 ° Temp (C) g Temp (C) 444 148 Temp (C)
841 |
< - F i — i Voltage (V) Voltage (V) 0.0 56 Voltage (V)
3 2y - Lol i § 1o 2015/08/24 15: 558 INFO: Connection Lost for INST_INT
H i i 2015/08/24 15: 8 INF pped packet reading for INST_INT
1 2015/08/2415: isconnected from interface INST_INT
R . S 013 RN:INST2 HEALTH_ STATUS GROUNG2STA
R 1000 10 1000 2015/08/24 15:04:51.328 INFO: User disconnecting interface INST2_INT
R 2015/08/24 15:04:51.328 INFO: Killing thread for interface INST2_INT 3 g
RPI'TLM 2015/08/24 1 /319 81.2316715542522 15.806451612903231 zms;osﬁns 51,329 INFO: Clean disconnect from INST2_INT (returned | [7] Bisplay Raw Vaiueg [V Display UTC Time Captured: 201510/08 17:57:36
ESES s asncx SSoicamnems st s rame ey 2015/08/24 15:

51329 INFO: Connection Lost for INST2_INT
e

sothat experience.

Version 1.00a - 22 September 2016 Logs: . og Audio missed: 0.0% /0 Decoded: 52 Queued: 0

X.25/KISS Frames
Come Out (TX/Uplink) and

Go In (RX/Downlink)
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KISS Protocol
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Keep It Simple, Stupid (KISS) Protocol VIRGINIA

TECH.

e “KISS (keep it simple, stupid) is a protocol for communicating with a serial terminal node
controller (TNC) device used for amateur radio. This allows the TNC to combine more
features into a single device and standardizes communications. KISS was developed by
Mike Chepponis and Phil Karn to allow transmission of AX.25 packet radio frames
containing IP packets over an asynchronous serial link, for use with the KA9Q NOS
program.” -- https://en.wikipedia.org/wiki/KISS (TNC)

Sy KISS | AX.25 KISS AX.25
| BYTES | Frame | BYTES Frame Q
Asynchronous Serial Q 3 AFSK1200 Audio @
(RS-232) 2 Or
Host Computer HW TNC FSK9600 NRZ HW Radio

Bi-directional Link Bi-directional Link
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https://en.wikipedia.org/wiki/KISS_(TNC)

VIRGINIA
KISS Protocol — Only 3 Extra Bytes! TECH.

FEND COMMAND DATA FEND
(1 Byte) (1 Byte) (O-N Bytes) (1 Byte)
L STOP Control Character

DATA for over the Air TX (AX.25 Frame)
KISS COMMAND Character
START Control Character

\ 4

v

v

Special KISS Characters Why Special Characters?:
0xCO FEND Frame End (kind of like HDLC Flag bytes) |
« |fthe FEND or FESC codes appear in the data to be
OxDB FESC Frame Escape transferred, they need to be escaped.
0xDC TFEND Transposed Frame End e |f DATA contains:
0xDD TFESC Transposed Frame Escape « FEND - FESC, TFEND replaces in byte stream

« FESC - FESC, TFESC replaces in byte stream
« (kind of like HDLC bit stuffing, but at the byte level)
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KISS Protocol — FEND Byte

VIRGINIA
TECH.

FEND COMMAND DATA FEND
(1 Byte) (1 Byte) (O-N Bytes) (1 Byte)
0xCO 0xCO

FEND (0xCO) is used to mark the start and stop of a FRAME

3/23/2018
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KISS Protocol = COMMAND Byte

VIRGINIA

TECH.

FEND COMMAND DATA FEND KISS Command Codes
(1 Byte) (1 Byte) (O-N Bytes) (1 Byte) Hex Name - Description
value
This frame contains data that should be sent out of the
TNC. The maximum number of bytes is determined by
Port Index CMD 0x00 Data frame Varies | the amount of memory in the TNC.
(Hi Nibble*) | (Lo Nibble*) This is the only allowed command code for a RECEIVED
L frame
The amount of time to wait between keying the
Commands for control of TNC 0x01 TX DELAY 1 transmitter and beginning to send data (in 10 ms units).
» Port Index of TNC The persistence parameter. Persistence=Data*256-1.
0x02 P 1
0 Used for CSMA.
pieperties forPor @il | 0x03 SlotTime 1 Slot time in 10 ms units. Used for CSMA.
#2 The Setup | @® Tne Commands
- | (| (e 0x04 Txtail 1 The I.ength of tlme. to keep th(=j transmitter keyed after
o loenn o g 2 sending the data (in 10 ms units).
:d‘v ) S e 55 | 0x05 FullDuplex 1 0 means half duplex, anything else means full duplex.
5l Pu atl e« Badite e Bl
b3 NI R i = 3 O QustaePon 0x06 SetHardware | Varies | Device dependent.
Remember this guy? J,L?ad,ﬁm.ﬁ o — Xt KISS mode. Th ; ; q ,
D sttt - OXEE Return 1 Xit mode. This applies to all ports and requires a

*NOTE:
1 Nibble =4 bits

1 Byte = 2 Nibbles = 8 bits

3/23/2018

Port2

Port3

Port4

port code of OxF.

TNC Interfacing Tutorial
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KISS Protocol — DATA Byte

FEND
(1 Byte)

COMMAND
(1 Byte)

DATA

(O-N Bytes)

FEND
(1 Byte)

AX.25 Transfer Frame Header (128 bits)

DESTINATION SOURCE Control Protocol Information
ADDRESS ADDRESS Bits Identifier Field
56 56 8 8 0-2048
\
f

3/23/2018

Client Software Outputs/Inputs The AX.25 Frame inside the KISS DATA Field

Note ONLY the AX.25 Frame, NOT the HDLC pieces, are inside the KISS Frame

TNC Interfacing Tutorial
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VIRGINIA
TECH.

T
|~ ! .i‘ ’ ./o/
|z|w§j7:‘ | ;;i : | 15§ 3_-3" l

AX.25/ HDLC Protocol B
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AX.25 Protocol - Overview VIRGINIA

TECH.

* The ‘A’ means ‘Amateur’

 Layer 2 (Link Layer) Specification.

* Derived from HDLC (flags, framing, bit stuffing, NRZ-I encoding)
* Most common amateur radio packet protocol

* Relatively large protocol, with only a small subset of details relevant to satellite

 References:

* https://www.tapr.org/pdf/AX25.2.2.pdf € Full AX.25 specification (July 1998, almost 20 years old!)
* https://www.gb50.eu/index.php/tech-docs/category/17-up-to-date-docs
* 11- QB50-EPFL-SSC-SCS-ICD-AX.25-TFF-3-1.pdf < This one describes the relevant pieces of AX.25 for satellite work

e http://destevez.net/2016/06/kiss-hdlc-ax-25-and-friends/ €< additional useful details and mapping
to Physical layer (AFSK, GMSK, etc.)
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VIRGINIA
TECH.

AX.25 Protocol — Initial Details

* Octets (Bytes) are sent Least Significant Bit (LSB) first: |Vs8 LSB

716151413(2|1]0

* Frames are sent Most Significant Byte First (Flag, then Dest, then Srg, .... One exception!)
 All fields in between flags are subject to HDLC bit stuffing (more later)

e Satellites use AX.25 Unnumbered Information Frame (Ul-Frame)

* Ul-Frames are Connectionless

* AX.25 Ul-Frame Structure:

AX.25 Transfer Frame Header (128 bits) _ Frame
FLAG DESTINATION SOURCE Control Protocol Information Check FLAG
ADDRESS ADDRESS Bits Identifier Field Sequence
8 56 56 8 8 0-2048 0-2048 8

3/23/2018
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AX.25 Protocol — Flag Field

VIRGINIA

TECH.

AX.25 Transfer Frame Header (128 bits) _ Frame
FLAG DESTINATION SOURCE Control Protocol Inforrnatlon Check FLAG
ADDRESS ADDRESS Bits dentifier Field Sequence
8 56 56 8 8 0-2048 16 8
Flag (8 bits) Flag (8 bits)
ol1f{1]|2]1|1f1]o0 Oj1f1j1)1|1f1fo0

* Used to mark beginning and end of frame

Helps receiver synchronize

Usually many are sent before and after frame
Not subject to HDLC Bit Stuffing (more later)
Fixed Value: 01111110 (Ox7E)

Technically this is NOT part of the AX.25 Frame, its part of the HDLC encapsulation (a detail but

important for implementers)!

3/23/2018
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AX.25 Protocol — Destination & Source Addresses

VIRGINIA

TECH.

AX e Header (128 bits) _ Frame
Information
FLAG DESTINATION SOURCE Control Protocol _ Check FLAG
ADDRESS ADDRESS Bits identifier Field Sequence
8 56 56 8 8 0-2048 16 8
DESTINATION ADDRESS SOURCE ADDRESS
C1 (8 bits) C6 (8 bits) SSID (8 bits) C1 (8 bits) C6 (8 bits) SSID (8 bits)
xIx[x|x]x]x[x]o x| x| x| x|[x|x|xlolol1]1]s|s|i|plolx|x]|x|x|x|[x]|x]|o x| x| x| x|[x|x|x|olo|1]1|s|s|i]|D]|1

e 6 Callsign octets + 1 SSID Octet
6 Callsign octets are 7 bit ASCII, but left shifted one bit.

Last bit of each octet indicates whether there is more data or not:
e 0 =More Address Data
* 1 =End of Address Data

SSID[7:5] fixed bits > 011
SSID[4:1] = 16 bit integer value, usually 0000

NOTE: 2 to 4 addresses are allowed in AX.25; Destination and Source are required with uE to 2 additional ‘paths.” Usually,
for satellites, only the source and destination fields are present. A notable exception to this are the APRS repeater satellites
(ISS, PSAT, NO-44, etc.) that include additional ‘digipeat paths’ (According to the APRS protocol).

This is the only last bit with a value of 1
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AX.25 Protocol — Control and Protocol ID \.I(I'E'é?_I'_M'\“A

AX.25 Transfer Frame_Header (128 hits) [ Erame

FLAG DESTINATION SOURCE Control Protocol Inforrnation Check FLAG
ADDRESS ADDRESS Bits dentifier Field Sequence
8 56 56 8 8 0-2048 16 8

Control (8 bits) Protocol ID (8 bits)

ofofjo|jofofoOf1f1 111]1]1110|0|0}|O

Control Bits:
* Indicates what type of AX.25 Frame is being sent
* Unnumbered Information Frame = Shall be fixed: 00000011 (0x03)

Protocol Identifier:

* Indicates what type of layer 3 protocol
* No layer 3 protocol implemented = Shall be fixed: 11110000 (0xFO0)
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AX.25 Protocol — Information Field

VIRGINIA

TECH.

AX.25 Transfer Frame Header (128 bits) _ Frame
FLAG DESTINATION SOURCE Control Protocol Inforrnatlon Check FLAG
ADDRESS ADDRESS Bits dentifier Field Sequence
8 56 56 8 8 0-2048 16 8

* Integer multiple of octets
* Maximum Length of 256 octets

e Contains the DATA!!!
e Telecommand (TC)
* Telemetry (TM or TLM)
* Mission Data

* This is where higher layer definitions come into play. QB50 for example elected to use
CCSDS packet formats within the Information Field. APRS is an ASCII based protocol that
defines this field for APRS messages. This can be completely custom, but MUST be
defined (ICDs recommended)!
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VIRGINIA

AX.25 Protocol — Frame Check Sequence

AX.25 Transfer Frame Header (128 bits) _ Frame
FLAG DESTINATION SOURCE Control Protocol Inforrnatlon Check FLAG
ADDRESS ADDRESS Bits dentifier Field Sequence
8 56 56 8 8 0-2048 16 8

e 16-CCITT based CRC (Cyclic Redundancy Check)
* Used to detect bit errors (doesn’t correct them!, some limited tricks are possible)

e Usually if errors are detected packet is discarded and not passed up the OSI stack for
higher level processing.

* NOTE: The FCS is sent least significant byte FIRST!!!! This can be confusing for
implementers.

 Technically this is NOT part of the AX.25 Frame, its part of the HDLC encapsulation (a
detail but important for implementers)!
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HDLC (AX.25) Protocol — Bit Stuffing VIRGINIA

AX.25 Transfer Frame Header (128 bits) _ Frame
FLAG DESTINATION SOURCE Control Protocol Inforrnatlon Check FLAG
ADDRESS ADDRESS Bits dentifier Field Sequence
8 56 56 8 8 0-2048 16 8
Flag (8 bits) Y Flag (8 bits)
o|1f1]2]1|2]12]o0 Subject to bit stuffing oj1f1]1]1|1]1]0

* Flags are special...its how the receiver detects an AX.25 frame in the bit stream.

* |t is entirely possible (likely) that 6 consecutive 1s will appear in the data stream of an AX.25
frame. If nothing is done about this, then a false flag detection will occur, resulting in a failed CRC
check, resulting in a discarded frame.

e Bit Stuffing to the rescue!
* As the AX.25 frame is being sent into the modulator, the number of consecutive 1s is monitored.
* |f 5 consecutive 1s are detected in the bit stream, a O is inserted.

* On the receiver side, if 5 consecutive 1s are detected and then the next bitis a 0, the 0 is discarded from the
bit stream (‘un-stuffed’). If the next bitis a 1, the receiver should expect a following 0, indicate a FLAG has
been received.
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HDLC (AX.25) Protocol — NRZ-I Line Encoding ¥|IEI§:(|3-|IN IA

0 1 0 0 1 1 0 0 0 1 1

W N | :r 7777777777777777777 | N ;1: 77777777

] K S ) S [ S S R -

oo =t

NV N AN SN SN S S I I S —

Traditional B I e I T o
NRZ-I

_V - | —————— g e——————— g ———— . __4_______

W A 5 A | v S

HDLC IR S S R R N S R R S S S S
NRZ-I|

L S e e e . ———

* The Use of Non Return to Zero Inverted (NRZ-I) means that modulations don’t care about the actual symbol state (say a
positive or negative frequency). What matters is the change or lack of change of a symbol to represent the bit value.

« NOTE: HDLC/AX.25 uses an inverted form of NRZ-I.
e 0 = Transition
* 1 - No Transition
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AFSK and FM Modulation

VIRGINIA

HDLC Bit NRZ-I Line CPFSK
AX.25 Frame . . .
Bit Stream Stuffing Encoding Modulation
(NOT Flags) (HDLC) (AFSK)
(
Y Y
Client TNC

* AFSK = Audio Frequency Shift Keying

* Uses audio tones at 1200 Hz (Space) and 2200 Hz (Mark).

* Derived from Bell 202 dialup modem standard, which is why a
‘burst’ sounds like an old modem.

* NRZ-I bits are used to alternate (or not) between the
tones.

e Continuous Phase Frequency Modulation used to
generate AFSK

* No instantaneous phase change = reduced signal bandwidth.
* Audio is then piped into an FM transmitter.
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: VIRGINIA
G3RUH FSK/GMSK Modulation TECH.

AX.25 Erame HDLC Bit G3RUH NRZ-I Line Gaussian Frequenc ‘
' Stuffing Scrambler Encoding Pulse Shaping > a Y

v

v

v

v

Bit Stream (NOT Flags) (1+x% + x17) (HDLC) Filter Modulator
\ Y J \ . J \ Y J
Client TNC Radio
* FSK = Frequency Shift Keying ':
* GMSK = Gaussian Minimum Shift Keying ST\ FSK
* Modulating signal (the ‘message’) bypasses the Y FApay, o PSD
FM pre-emphasis/de-emphasis circuitry of )
hardware radio and is applied directly to the FM T
Modulator (varactor) to produce FSK. : =T
- y ‘p]w“t‘ﬁ"‘”'ﬂ‘uq%h L——&r-ps]
* If the NRZ-I signal is passed through a Gaussian iy ty
pulse shaping filter before it is sent to the rad|0\ sl "{:& X GMSK
then GMSK is produced. v | psp
7 50 I’l'ﬂ," ! L'l
* More on next slide for pulse shaping "’ "y
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GMSK and Pulse Shaping Filter — more details VIRGINIA

TECH.

0 1 0 0 1 1 0 0 0 1 1 | —
v o /- RN — 3=0.25
HDLCNRZ-I i 1 {/ : S\ — @#=05
unfiltered If A 3=1
SV e — e — rL i ’ 11
W < i ] b,
HDLC NRZ-| /
filtered \ j /4 ] N
R — / r_;' "\_ﬁ N\
7 m 0 T

* Pulse shaping smooths out instantaneous
transitions, which reduces side lobes in the

Gaussian Pulse Shaping filter

FM 0 o [—pr-o
produced signal. Moduiator | ) ‘,,hwmwi
. . 1 1'::'

* Rolloff factor of pulse shaping filter controls g ¥ i v,
‘smoothness’ of curves. Is between 0 and 1 NP LI
where 0 is a rectangular filter (i.e. no different . il T
than no filtering). Sometimes called B, c ol "m!H"'«;f-w

) . o n
sometimes o, sometimes BT. 70500 T
* For Amateur Satellites, BT = 0.5 is common. Yo e me s w0 TEw  eo 7

GMSK Power Spectral Density
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TECH.

- ' o i?ﬂ
.u'ﬂ* | = =

—
- |

Summary of proce’ss so far......

Uplink Only Scenario (for simplicity)

\

Agnostic to what type of TNC/Radio interface is used
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ent Software (Satellite TC/TM Software)

VIRGINIA
TECH.

AX.25 Transfer Frame Header (128 bits)

TCP
Socket

DESTINATION SOURCE Control Protocol Information
ADDRESS ADDRESS Bits Identifier Field
56 56 8 8 0-2048
FEND COMMAND DATA FEND
(1 Byte) (1 Byte) (O-N Bytes) (1 Byte)

1. Client Software generates a properly formatted AX.25 Frame with Telecommand in Information Field.
2. Client Software encapsulates the AX.25 Frame inside the DATA field of a KISS Frame
3. Client Software writes the KISS Frame to the TNC via Serial or TCP/IP

3/23/2018
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TNCKISS Processing

VIRGINIA

TECH.

4.
5.
6.

FEND COMMAND DATA FEND
(1 Byte) (1 Byte) (O-N Bytes) (1 Byte)
(5)
N—
AX.25 Transfer Frame Header (128 bits) .
DESTINATION SOURCE Control Protocol Information
ADDRESS ADDRESS Bits \dentifier Field
56 56 8 8 0-2048
|

(6)

TNC Parameter

Control Functions

& Port Routing

> HDLC Processing

TNC Receives the KISS FRAME (Serial or TCP), removes/replaces escaped bytes if necessary, discards the FEND Bytes
The command byte is passed off for TNC parameter control and port routing. It is REMOVED from the byte stream.
The DATA field, which contains an AX.25 frame, is extracted and passed off to HDLC steps

3/23/2018
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TNC HDLC Processing

VIRGINIA
TECH.

AX.25 Transfer Frame Header (128 bits)

)

=

DESTINATION SOURCE Control Protocol Information
ADDRESS ADDRESS Bits Identifier Field
56 56 8 8 0-2048
AX.25 Transfer Frame Header (128 bits) _ Frame
DESTINATION SOURCE Control Protocol Information Check
ADDRESS ADDRESS Bits Identifier Field Sequence
56 56 8 8 0-2048 16
AX.25 Transfer Frame Header (128 bits) ] Frame
Information
DESTINATION SOURCE Control Protocol ) Check
ADDRESS ADDRESS Bits Identifier Field Sequence
8 56 56 8 8 0-2048 16 8
0 1 0 1 1 0 0 0 1

Vo
HDLCNRZA

unfiltered

VA

7. HDLC Processing receives the AX.25 Frame
Frame Check Sequence is computed and appended to the Frame, Bit stuffing occurs (not depicted)
9. FLAGs are appended and prepended to the Frame (usually many flags on both ends)

10.

00

3/23/2018
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: VIRGINIA
AFSK Modulation TECH.

WVo——
HDLC NRZ-I SR I R [ W N S R
unfiltered : 3

Vo e e

DATA

MMMMM%W%%%“
IWELLANA

%
¥
&
%e;
§

[ LOF
| \
Vol T s

SIGNAL AMPLITUDE

]
IMARK| SPACE
! .

0
iy

®

11. I-!DLCI NRZ-l encoded bit stream is input to the AFSK Modulator; CPFSK modulation is used to produce an output AFSK
signa

12. TNC triggers push to talk (PTT) line to place radio in transmit mode; AFSK Signal is passed into the DATA IN port of the
radio on the DATA JACK (packet mode 1200 tap point)

13. AFSK signal is sent through the FM Modulation process and radiated out of the radio.
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\

u Open Systems Interconnect ,
~Model = A S | [
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VIRGINIA

Open Systems Interconnect (OSI) Stack TECH.

* Devices logically communicate at the 0S| Model
relevant layers Data Layer
: (~  Application
¢ EnCa pSU|at|On E ( Data )\ Netevgrk Process to /
Application
* Headers “>{ /" Presentation
. g Data Data (;'eEpresen;atlon
 Standards (for interchangeable layers) J %/
( ession \
4&" ( Data ) 9 Interhost communication
0
4 I
tocal comp uter remote computer I (Seg me nt9 End-g;'annrgiSéc?nongEtions
@ —— and Reliability
- Client Response
Client Request s P Client WHQ Indication {7 C Pac kEtS) PatVINDeeJtcgy ”%Eflftion
L4 Transport etk La;.laer Fowter g and IP (Logical addressing)/
L3 Network : g [ ) Data Link )
L2 Link = Frames MAC and LLC
L1 Physical '6 (Physical addressing)
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OSI Stack — Simple Web Browsing Example VIRGINIA

3/23/2018

TECH.
OSI| Model

Dat ‘ Y ( y
‘ HTTP (Web Browser) < % 3

3
T
c N ( N
Segments 4 Transport
\ J \ /
§ N (o N
Packets |3 Network
v - J \ /
> s N
o Frames || Data Link
= \\ J
g N < FIBERY,

2
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Before We Proceed—a simplification

3/23/2018

Host Layers

Media Layers

OSI Model

Data Laier

)
Segments
~—

)

Packets
-~ 0@

)
Frames

Transport

Network

/
4
o
/
3
-
("
2
\

Data Link

@@

T
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OSI Model

Data

)

Packets
—

Y
Fra mes

Layer

VIRGINIA

TECH.

-
Transport
&
4
Network
-
a
Data Link
—

N 8 N

his is a common simplification which we will use for the rest of this presentation



VIRGINIA

OSlI Stack Logical Communication TECH.

Layer Data Layer

/ N - 4 N
Transport A ST.g”fnte; ¢ HLSR } Transport

9 y pplication Data | \_ Y

4 R , 4 R
Network A ST.gr:?nte[;j ta | H L‘L IH L?;l } Network

N P pplication Data | Header | Header N D

e D ’ e D
Data Link Se.gm?nted L4 I L3 I L2 ] Data Link

N y Application Data | Header | Header | Header | N y

Physical Medium
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VIRGINIA

OSI Stack — Smallsat Comms Example TECH.

Satellite Fox-1A(FM) Mode: TRANSPONDER Telemetry Payloads Decoded: 28
Last Realtime: Resets: 0 Untime: 89991 Max: Resets: 0 Untime: 89558 Min: Resets: 0 Untime: 30083

Data Layer

Psu1ti2C OK RT MIN  MAX
Psu2i12C OK CellA+B+C(V) 402 394
Ground Resets o

Diagnostic Info spind: -8257493

Hard Error wd0ec1mronfOin

‘Soft Error dac235i2c13spi0

-117.1 -170.1 -370.0
T Antenna Deployed
RX Antenna Deployed

PSU
Experiments

RT MiN

Current (mA) 6.3 58

Board Temp (C) 438 211

RT  MIN
Vanderbilt Radiation OK

A

Client Application

+X Panel +Y Panel +Z Panel
MIN  MAX

Temp (C) Temp (C) 38350 1456 Temp (C)

Voltage (V) Voltage (V) 0.0 54 Voltage (V)

Rotation (dps) Rotation (dps) -260 284 Rotation (dps)

-X Panel -Y Panel -Z Panel
MIN  MAX

Temp (C) Temp (C) 444 148 Temp (C)

Voltage (V) Voltage (V) . 0.0 56 Voltage (V)

- D
Segments Transport | TCP e

_ Y

; N D

Packet

| Packets L Network y |P VPN

) v D

| Frames i1s Data Link y MAC /KlSS/AXZS/HDLC

D @ Rs-232/AFSK/FSK/GMSK -
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o
1
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4

’

—

| S—

> °~a~~ I sl
Remete Connectlon N

Bring it aII together!

?.

\

.lllmt‘:“
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Information overload---what’s the point?

» TCP

. IP

* VPN

* KISS

* HDLC

* AX.25

* AFSK

» 0S|

* G3RUH GSMK/FSK

Once again.............
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OSI Stack for AFSK Uplink — Hardware TNC

VIRGINIA

AX.25/HDLC

Serial
AX.25/KISS
Q
Q
HW TNC HW Radio Antennas
Ground Station Spacecraft
Client Application NG

3/23/2018
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Slight tangent - If you are still developing/testing ¥|'E%?_|'N IA

Serial
AX.25/KISS  \y

HW TNC HW Radio Antennas

This is the power of adhering to the OSI Model!

Ground Station Spacecraft

Host Computer

Client Application NG RADIO

AX.25/KISS AX.25/HDLC HDLC/AX.25

k RS-232 to TTL converter

3/23/2018
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OSlI Stack for AFSK Uplink — Software TNC

VIRGINIA
TECH.

USB / Serial

‘audio’ samples

Host Computer

SoundCard
Interface

HW Radio Antennas

Ground Station

Host Computer

Client

AX.25

TCP

IP

r

IP IP

Software TNC

ST OS NE

SoundCard
Interface

Audi

RADIO

Spacecraft
C&DH
I Comput
RADIO
AX.25 KISS AX.25
—Radio TTL Serial
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OSlI Stack for AFSK Uplink — Remote Connection

VIRGINIA

TECH.

Primary Ground Station

Host Computer

Client

KISS

iial

TCP

IP

\ A

Software TNC
m SoundCard
: Interface
KISS HDL
TCP
IP

v

I IP IP

I HOST OS NETWORK

L% | Laudo

RADIO

C

INTERNET

Spacecraft

Remote Ground Station

Host Computer

Software TNC

KISS AX.25

HOST | TCP

\

Audi

3/23/2018

05 IP
NET

/

SoundCard
Interface

Audi

RADIO

C&DH
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VIRGINIA

OSI Stack for AFSK Uplink — VTGS Connection TECH.

Primary Ground Station - UPEC NOTE: the VTGS is actually a bit more
Host Computer complicated than shown below. For
Client Software TNC simplicity related to OSI stack, copy of SW
M (TNCSW _ 3 TNC + Soundcard GS is shown.
KISS KISS HDL
TCP | TcP
) Spacecraft
IP ] I IP IP IP ) I

C&DH

AC I Audio

I HOST OS NETWORK

Remote Ground Station - VTGS I
Software TNC
INTE RN ET SoundCard

KISS AX.25 Interface RADIO

HOST | TCP

0sS [ IP

ET
VPN CONNECTI MA AUdl AUdl Radio
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Summary w1 bl D -

The Key things to remember
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VIRGINIA

Summary — Key points to remember TECH.

» Telemetry (TM) processing and Telecommand (TC) generation software specific to the satellite
must be written if it does not already exist.

* The structure of the of the Information Field for TC/TM must be defined (ICDs).

* The TC/TM Software must output an AX.25 Frame encapsulated in a KISS
Frame for uplink and expect to receive a KISS Frame containing an AX.25
Frame from downlink.

* |t is HIGHLY recommended that the TC/TM software utilize TCP/IP sockets for transport of KISS
Frame. This interface is common with software TNCs and is necessary for the Internet based
remote connection to the VTGS.

* | am NOT an expert on the IC-9100. I've %iven some pointers on the cable fabrication and testing
process.....but double checking functionality and configurations specific to the IC-9100 (Menu
settings) need to be done at UPEC.

 This presentation is pretty specific to TNC Interfacing (with relevant deviations). Topics not
addressed for full ground station design and implementation would have resulted in at least
double the slide deck length...(link analysis, antenna design, noise characterization, amp design,
tracking, sequencing, message passing, data storage, metadata generation, etc. etc.)........
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VIRGINIA
Thank You! TECH.

It’s all gonna work!

POUGLAS ADAMS

. a novel
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