NEW GENERATION BEACON DRIVER

As used on the new GB3VHF 144.43MHz Beacon

Andy Talbot G4JNT 2005/11/13 Updated Appendix B and C Jan 2011

The beacon driver described here has been desigriecn the basis of a new ‘2tentury beacon’. GPS derived timing
and frequency locking techniques have been combimié¢id modern data-modes that can be received ugiagnow
ubiquitous radio plus PC/soundcard combination.

The heart of the beacon driver is an Analog DeviaB9852 Direct Digital Synthesiser, a versatile idevwhich can
directly generate frequencies up to approximat®MHz with a setting resolution of a fraction ofrécro-Hz. Amplitude
and phase modulation capabilities are built into ¢hip and these, together with instantaneous émay can be altered at
will, in real time, to generate complex multi-dinsgznal modulation schemes.

Modulation types.

Five programmable modes have been chosen for thisrddesign, but bear in mind that many others lbaradded by
changing software that controls the DDS. For eXapat HF and Low VHF, a beacon transmitting PSK&lssages could
be made from exactly the same hardware, just pragramming the PIC.

Cw All amateur beacons are still required to giveirtidentification in Morse for aural receptiow, this is obviously
the first data type that has to be included. Ongpao four CW different messages can be seniffarent times.
The CW speed can be set to any desired value. CWiecarrier is generated with a rise and fall tinfe o
approximately 1ms (fixed) so that when used witbllawing linear amplifier, key clicks are minimide

RTTY Although stop-start FSK signalling can now Ipably be considered to be an old fashioned modenanterribly
efficient when compared with later data modes saghlPSK31, it does have a number of advantagestioese
when used at higher frequencies. The most sagmifi is that RTTY can be used with non-linear graitters,
particularly for high VHF through UHF uses whereetlbDS output has to undergo further frequency
multiplication to reach the final output frequenclfor decoding the message , there is plenty of Rd@i@coding
software around, and still has a large followinguskrs. RTTY transmission will not be included wittthe
GB3VHF sequence.

JT65 This is the primary data mode for the beaadred and JT65 is the most recent of the WSJT madeented by
Joe Taylor, K1JT. The WSJT family of data modegehaeen designed for different VHF/UHF propagatiges
(EME, Tropo, Meteor Scatter), and JT65 has beeigded specifically for weak signal, EME and terriadt
propagation. Three variants of JT65 are in useB And C, each having different bandwidths ane tgpacing.
Any one of the three can be used in this beacotrater. GB3VHF will initially adopt the middle @ JT65B,
with a tone spacing of 5.38Hz and an overall trassion bandwidth of 350Hz. It is the incorporatiohthis
transmission type that determines the timing confmphe whole beacon controller.

BPSK An experimental Binary Phase Shift Keyed tnaission is included in the controller software. &tprecisely
timed point, 140 microseconds after the UTC orensd reference as signalled by the GPS receivempltiase of
the transmission is reversed, 28 times in totdilltap the 30 second time slot. The result is litisecond pattern
of 10101010..... The BPSK mode has been incorpdramellow users to become familiar with using [sec
timing methods to assist in experimentation witherent signal recovery, to measure time of fligtibimation
and propagation testing. To allow for frequencytiplication to reach the final frequency on 144Mbizd higher
frequency beacons, the actual phase shift genevatieith the DDS source can be set to any valu@énRIC setup
code.

Plain Carrier
Has been included as a programmable mode in casmded periods of carrier are wanted for specialist
automated weak signal monitoring, eg. in propagatimnitoring. For normal operation, the requiretmier a
period of unmodulated carrier can usually be methieyidle periods at the end of CW and/or RTTY graissions,
but the option of a dedicated 30 second slot allfmvsextended periods. Nb. any future automatiacbe
monitoring software will probably rely on there bgiat least a few seconds of unmodulated carr@n fany
beacon to allow accurate frequency and power détetion — and it is suggested that this period belenat least
10 seconds long for all VHF and Microwave beacénsgconds for HF.
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Message Structure

In normal usage JT65 relies on automatic timingtmdnmaking use of a one minute transmit / one ut@nreceive
sequence which has to be replicated in the receieemputer. The timing is allowed to be in erbgrup to four seconds
late or one second early when referred to the tn&son. The rest of the beacon's timing is basea thirty second
time-slot structure which determines the data trassion pattern for the whole beacon sequence. th&s JT65
transmissions must be aligned with the minute, siote must be set and allocated accordingly. Timf@rmation sent
from the GPS receiver is used to derive a numb&0adecond time slots, referenced to the houraaydeven number of
up to 16 slots can be programmed with differenadatmats allocated to each 30s slot. Changemade by modifying
the PIC code for the beacon controller. For achjpiransmission sequence, JT65 will be allocatedvery fourth slot
(starting at an even number), to give the one tairuone minute cycle of transmission periods. aARI65 transmission
period lasts 48 seconds it will run into the ne@$ 8me, so this one cannot be allocated to angrottode. The rest of the
slots can be allocated to CW, Carrier, BPSK or RTasyneeded. To avoid sequence breaks on the theunumber of
slots used should ideally be a submultiple of 126 ,values of 2,4,6,8,10,12 are the most convententesponding to 1 to
6 minute repeat cycles. The number of minuteshfercycle is specified in the setup information.

Any CW or RTTY transmission will be of arbitrarynigth, and the remaining time up to the end of thiereslot is
automatically taken up with plain carrier. If &r RTTY data exceeds 30s in length, the datahferfollowing timeslot
will be ignored.

Although the second 30 second slot after a JT@%stn#ssion is ignored, it should be defined in tagquence definition.
This is because JT65 is not transmitted when thg @eeiver has lost lock. The first time slot edited to JT65 defaults,

instead, to the first CW message and the secoreldlat is as defined in the setup data. When @EISi$ restored, JT65
operation resumes and the second time slot definisi then ignored.

As implemented on GB3VHRhe sequence programmed is :

00:00 JT65 sending the message “GB3VHF JOO1DH”

00:30 CW message as below (only sent during Inv@k)
01:00 CW Message “GB3VHF JOO1DH” (approx 13 sesdriollowed by plain carrier
01:30 Phase reversals at one second intervals.

Repeated every two minutes
As far as a listener is concerned, starting oretren minute boundary, this appears as :

48 seconds of JT65 transmission
12 seconds of plain carrier
13 seconds of CW Ident
17 seconds of plain carrier
30 seconds of phase reversals
- Sequence repeats

DDS and Controller Hardware

The driver unit comprises several modules workiogether under the control of a single 16F628 PICracontroller.
The DDS is clocked from a reference input, and asBhLocked Loop on board the AD9852 multiplies this a
programmed value from 4 to 20, for a maximum alldwéck frequency of 300MHz. In this VHF-band beadriver, a
reference input of 12.8MHz is multiplied by 16 letPLL for a 204.8MHz clock. Keeping the clockdyelthe 300MHz
maximum permitted in the AD9852 specification résuh a lower power consumption and improves rdligtof the DDS
chip. The 12.8MHz reference oscillator is deriviedm a Voltage Controlled, Temperature Compensaiegstal
Oscillator (VTCXO) which in turn is phase lockedth® 10kHz output from a Jupiter TU-60 GPS recemedule.

The microcontroller, mounted on the same PCB a®8 chip, communicates with the GPS receiver deoto read the
time of day (UTC) and the GPS receiver / sateflttdus information. The 1 Pulse Per Second (1BB8al generated by
the GPS receiver is fed to the PIC in order to gameaccurate timing — the 1PPS signal is typicatlgurate to within

200ns of UTC. The PIC uses the data from thesedigmals to accurately set the start and stop tiofabte various

modulations transmitted.
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By writing suitable software for the PIC, a widenge of modulation types can be generated by reganogning the DDS
chip with new frequency, amplitude or phase infaioraat regular intervals.

Frequency Reference

The TCXO output is divided by 1280 to give a 10kbigput. An exclusive—OR gate compares this with1kHz output
from the GPS receiver to generate a feedback sfgnahe Phase Locked Loop. An analogue switchrodlet from the
PIC opens the feedback loop if the GPS receiveotslocked up, forcing the TCXO to run at a fixedduency. This
prevents gross frequency errors as a result ofexriinning GPS receiver. The PIC continuously toosithe receiver
status and controls this analogue switch when #te filom the GPS receiver indicates that the statsatisfactory, ie. that
it has locked up. The phase-locked loop has a tamstant of 4 seconds, so there is a noticealif@ 4s this control
signal switches to its active state and the PLLrsetp lock up. Frequency stability will be achéegvabout 30 seconds to 1
minute after the GPS receiver has locked up.

Driver Hardware and Construction

The three PCBs making up the assembly are mountadsingle diecast box. The DDS and PIC assemblyed above
the GPS receiver and frequency reference boardgvio easy access to the PIC for reprogramming. o Tweltage
regulators, 3.3V for the DDS and 5V for the GPSeer and divider assembly, are mounted on theddidee box with an
additional heatsink on the outside. (The PIC onBf¥S board has its own low power 5V regulator).heTDDS chip
consumes around 650mA during operation and runtg dwt. Its main heatsinking mechanism normatipsists of
conducting heat away from the base of the chiputiinathe PCB, but here no air flow is possible iadite diecast box so
additional chip cooling has to be provided. Ausyy copper strip conducts heat away from the tah@DDS chip to the
side of the diecast box, the strip presses onttojhef the AD9852, with thermal grease added susmheat conductivity.
At a room temperature of 20C, the voltage regulatmatsink sits at around 34C, the black paintethserof the diecast
box at 28C, and the chip is estimated to sit atirgdo40C - without the copper strip, it was clogeb6C.  When the
diecast box is mounted on a metal baseplate giuriger conduction cooling, all the temperaturespdproportionately.

Interfacing and Connections
Five signal / power connections are provided odtfe®ugh capacitors:

DC POWER Requires a voltage greater than 8V and inteiinelat regulators take this down to 5/ 3.3V. Cuotre

consumption is approximately 0.8 to 0.9A. To avekcessive heat generation, avoid using a supply

voltage much greater than 12V — use an externglp#noresistor if necessary

NO GPS Goes high when the GPS receiver hasawojuired lock; it is pulled to +5V via a 2k2 reéeisand can be
used to directly drive an LED. A high brightnégpe is advisable due to the limited current aldda
from this pin.

RED LED+ GRN LED
These are intended to drive a bi-directional (dratge connected) two-colour LELONTROLLER
STATUS' The pattern of flashing / colours on this isedetined in software and used to indicate the
status of the DDS controller software. Each pidriven from a 5V source/sink via a 150 ohm resist
The positive side of each colour goes to the piellad.

TEST MODE is an input pin which is left open-circuit for moal operation. When shorted to ground, the coletrol
enters carrier-only mode as soon as the currensrimssion interval has completed and stays thetie un
the short is removed. Its function is to allow foequency setting / measurement, and for testieg th
additional RF hardware.

Bi-Colour LED Flashing Codes
As implemented, the LED flash codes are :

When power is first applietb the driver, the LED flashes three timBsdGreenalternately each second.

Before the GPS receiver has locked up, or if th& &eiver loses signal
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TheGreenLED gives a short flash once per second while eawnly is being transmitted.
TheRedLED flashes in sympathy with the CW charactersm@#V is being sent
AlternateRedGreenflashes for the BPSK mode, once per second carnekiipg to each phase state

When lockup has been achieved and the beacon iatoygenormally:
TheGreenLED gives a long flash once per second while eaoily is being transmitted.
TheRedLED flashes in sympathy with the CW charactersmw@#V is being transmitted.
AlternateRedGreenflashes for the BPSK mode, once per second caynelpg to each phase state
For the JT65 transmission, the LED flasheslat the JT65 symbol rate of 2.7Hz

Frequency Doubler and Output Buffer.

At the 204.8MHz clock frequency of the DDS chipe timaximum frequency that can be generated by th@88P chip is
around 80MHz. A B order elliptic filter on the PIC output, mounted the DDS board, reduces alias and harmonic
products to at least 50dBc A frequency doublertbif separate module is used to generate thelffiddMHz output,

The output from the DDS board is amplified to aeleof approximately 11dBm and feeds a push-pullddiaoubler
circuit. This provides 40dB rejection of the funtlental and is followed by a two section bandpdssr fihat ensures all
spurii are at a level of at least 55 dBc. Twasetof amplification raise the filter output toewél of 12.5dBm with the
final modamp running at 1 - 2dB of gain compressidime buffer has no harmonic filtering on its auttpo if the doubler
is to be followed by broadband amplification, exteamonic filtering will be needed.

All amplifier stages consist of MAR-3 and MAR-4 naordps supplied from constant current regulatorsite gnmunity
from supply voltage and temperature variations.y Anpply voltage from 9 to 13V is acceptable. eTuwoubler / buffer
assembly is constructed in a screened tinplatewitx SMC connectors for the RF, and a feedthrougpacitor for the
supply voltage.

User Programming

Frequency information (the codes that need to beteethe DDS chip) together with the text of the@igus messages are
stored in the EEProm memory area of the PIC. biendaries of the various messages need to be kbgwihe
assembler, so it is not possible to reprogramme=gigrom contents alone if the length of any oftilessages have been
changed. In general it is safer to re-assemlgemtole file and re-programme the entire PIC devitkis should take less
than one minute for most PIC programmers. Anyngeao the message sequence, or time slot allogatiastinvolve a
complete re-programming of the PIC.

Frequency and message contents are containedepragase include fileMHFBCNEZ2.ING which can be edited on its own.
A total of 128 bytes of storage is available, afidhts the first 30 bytes are used for frequenctadkeaving 98 bytes for
storage of all the characters needed for all thesages.

The frequency information (DDS codes) can convdhjetve generated from an accessory programme called
VHFBCNCALCS.EXE See Annex A for an example of this utility. eThrogramme generates a file which includes lines
of PIC code that can be directly cut and pasted\iHFBCNE2.INC See the example below. The include file &ias
other constants used within the programme, sucRRETIime- the number of minutes (pairs of time slots) foe
transmission sequencEWSPEED(the CW dot length in milliseconds) for the CW mw&ges; and the RTTY baud rate
defined in units of 50@s. It is convenient to let the assembler caleuthis value for you, by dividing 2000 by a spesdfi
baud rate. The constaRMEAPo| shown in the example, is not applicable to tloiftveare, but is needed in other PIC
software that makes use of the same include file.

Note that the DDS controller software here doesnmake use of the carrier frequency itself. Instele following values
are stored in EEProm to produce the required frecjes from the specified clock:

The absolute JT65 Sync frequency Generates adbng1025 / 1024 * 118» 1270.5Hz in an SSB
receiver tuned to the specified carrier frequency.

The increment between tones 11025/4086 * M wheres NI for JT65A, 2 for JT65B and 4 for
JT65C. For JT65B the increment is approximateBB8Bz The PIC
software then calculates the frequency data teehets the DDS by
multiplying this value of increment by a numberwetn 2 and 65
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depending on the character to be sent, then addagesult to the
value for the sync tone.

The Centre frequency for CW and carrier Correspotrda tone frequency as shown - an 1500Hz value is
shown inVHFBCNEZ2.INCbelow).

RTTY Mark 1275 Hz Tone
RTTY Space 1445 Hz Tone

If the DDS output is subsequently frequency-muktigh] all the values are modified by the multiplioatfactor.
Frequency codes are stored in EEPROM in the origgr hyte to low byte so the full numerical valuengaore easily be
seen from the individual data in a listing.

As an example, take the sync tone which has a leekadl value of 0x5A44C365E354
This value can be converted back to the actualifrqgies, as follows:

Convert hex number to decimal N = 9925138220 ;)

Divide by 2® N/ 28 = 0.352611744

Multiply by the DDS clock frequency N 752> 204.8MHz = 72.21488523 MHz
and finally by the RF multiplication LLo*2 = 442977046 MHz

ie. 1270.46Hz above the suppressed carrier at288MHz

All message contents are stored in the 128 bytegsef EEprom. Text messages nhesterminated with a null character
to indicate their end, but as the pre-coded datahie JT65 transmission take up exactly 63 spates,therefore self
terminating. The various labels of the form are an essential part of the software and must
be correctly placed immediately before the staeaith character string. If EEProm storage becdufiedt is allowable to
reuse strings between different messages. Iretk@nt, either the main body of the assembler cegelsito be changed so
the data-sending subroutines point to the apprtepdata label, or more conveniently, both labetstoa placed at the same
point.

The assembler include fil&/HFBCNG2.INC, contains the allocation of message type to fiobesUp to 16 GOTO

statements cause the PIC code to jump to the apat®section of code for each time slot. Althbuanly sufficient

GOTOs need to be included to cope with the valueRf Timedefined inVHFBCNEZ2.INGC it is safer to include sufficient
jumps to cope with the maximum number of slots #@ild conceivably be allocated — setting an inextrvalue for

RPTTime will cause havoc with the PIC code if a puis not in the correct place! Any mistakes qguitg errors made
when changing this file will usually (hopefully $how as errors when assembled. Error messagesoivihecessarily be
generated if incorrect values appear in the ..l fis the assembler cannot identify many numedeal memory
allocation errors.
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Typical contents of VHFBCNE2.INC

NMEAPol = 0 ;1 for RS232 le
RPTTime = 2 ;Sequence repea
CWSPEED = d70 ;CW Dot length,
BAUDCONST = d'20007/d'50" ;RTTY baud inte
JT66MODE = 1 A=0,B=1,C
PHASE180 = 0x1000 ;AD9852 Phase r

; to allow for
CONTROLPLL = 0x50 ;Part of contro

; clock multip

; __config Ox3F61 ;LV Programming off , O
__config Ox3F63 ;LV Programming off , O

org 0x2100
;AD9852 DDS register data for VHF/UHF beacons runni
;Frequency data
;Fcarrier = 144.4285 , RF Mult = 2 , Fo(carrier
;Refin =128, PLL Mult= 16 , Clock freq =

de O0x5A,0x44,0xC3,0x65,0xE3,0x54 ;JT65 Sync
de 0, 0, 0x00,0x38,0x72,0xBO ;JT65 Tone

de 0x5A,0x44,0xCC,0xCC,0xCC,0xCD ;1500Hz To
de Ox5A,0x44,0xC3,0x95,0x81,0x06 ;RTTY Mark
de Ox5A,0x44,0xCA,0x8C,0x15,0x4D ;RTTY Spac

JTDATAOFFSET = $ - 0x2100

GB3VHF JOO1DH

de d26',d2',d61',d34'd15, d'15
de d'17',d'50',d'29, d'54', d'47', d'37',
de d'19,d'14',d'37', d'43', d'47', d'18/,
de d'39,d20',d17', d'63', d'43', d'59',
de d'57',d'50',d12', d'45', d'7", d'45,
de d?2',d40,d9',d19,d12', d33,
de d'49,d'10', d'40', d'48', d'13', d'54',
de d'46', d'25', d'24', d'49', d'60', d'21',

CWMSG1OFFSET = $ - 0x2100
CWMSG20FFSET = $ - 0x2100
de "GB3VHF JO01DH",0
RTTYMSGOFFSET = $ - 0x2100
de "GB3VHF JOO1DH", 0

;maximum total EEPROM data length 128 bytes

vels, O for Logic

t interval, minutes

ms

rval, Units of 0.5ms
=2

eg for 180 deg shift,
frequency multiplication
| register to set PLL
lication

SC XT Mode

SC EC Mode (RA6 1/O)

ng WSJT Modes

)= 72.21425
204.8

tone
Interval
ne

1275 Hz
e 1445 Hz

d'35', d'50'
d1', d'16'
d41', d'40’
dsg', d'50'
d12, d'18'
d11', d2'
d24', d'20'
d28'

Typical contents of VHFBCNG2.INC  (nb. RptTime =2

;Setup the beacon sequence format

;GOTO segment of code for handling each 30 second t

; note, JT65 needs 47 seconds so interval afterward
;Options are CarrierOnly, SendJT65, SendRTTY, SendB
;Ensure null-terminated message data is present in
;Ensure all the labels used are in their correct pl

goto SendJT65 ; 0:00 - 0:30
goto SendCWwW1 ; This line is ign
goto SendCw1 ;and for loss

goto SendBPSK ;

goto SendCWwW1 :
goto SendCw1 :
goto SendCw1 :
goto SendCwW1 ;

goto SendCw1 ;
goto SendCw1 :
goto SendCWwW1 :
goto SendCWw1

goto SendCw1 ;
goto SendCw1 :
goto SendCw1 :
goto SendCWwW1

defined in VHFBCNEZ2.INC)

transmission interval

s is ignored

PSK, SendCWx (x = 1,2,3,4)
EE for all messages used
aces

ored, except at boot-up
of GPS signal
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Explanation of PIC assembler codes:
Any text on a line after a semicolon is a comment and plays no part in the code itself.

GOTO statements cause the programme flow to jump to a specified location. This is nearly always defined
by a label elsewhere in the assembly code which automatically allocates a numerical address to it. In the
sequence definition table, VHFBCNG2.INC, labels such as SendCW1, SendJT65 have been used to make
clear the functions to be performed. These label locations and the routines are defined in the main body of
the code, and in turn call up the data defined in VHFBCNEZ2.INC by the labels CWMSG1OFFSET and
JTMSGOFFSET

Statements beginning de are defining data that is stored internally. This can be in Hexadecimal (shown as
0x3F, for example), decimal eg d'99’ or as text characters between pairs of inverted commas, stored in
successive memory locations.
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Annex A VHFBcnCalcs.exe
Calculation of frequency codes.

The Windows software VHFBcnCalcs.exe allows a user to enter the DDS reference inpeguency, PLL clock-

multiplier, the RF carrier frequency, a tone fbe tcentre (CW) keying and the RF multiplicatioreafthe DDS output.

The software uses this data to calculate the fregyueodes needed for the beacon driver; the usetom is shown below.

All codes are given in hexadecimal, preceded with O a file name is specified, the data will beitten to this file in a

format suitable for cutting and pasting the linéslata directly into the PIC assembler code. Thetents of a such an
output file is shown below; compare the second gfithis with the contents ¥ HFBCNEZ2.INCshown earlier.

As well as the JT65 frequency codes (specificdlig, sync tone and increment value) the softwareggyikie values for the
CW / continuous carrier frequency, and the RTTY kaard space frequencies corresponding to the sthi®a5/1445Hz
tone shift.  Although not implemented in this beadriver, the four frequency codes correspondmgdch of the
equivalent FSK441 tones is also calculated forimg#her beacon controller software (suci-&K441BC.ASMas well as
the SSB carrier value itself. The values for BM@S control register are derived from the PLL nplitiation factor and
the clock frequency; this information is heededhia DDS setup code. Finally, the data needed fordgrammed into the
DDS phase register to obtain a 180 degree phafteispresented, taking takes into account thel fitia multiplication
factor.

. 9852 YHF Beacon Calculations M=l E3
Ref. Input Fregq MHz PLL ult Clack
[12a |16 | 204.8
Output carrier Freq (USE) RF Mult DDS Output [carrier]
[144 4285 |2 | 7221425
JTES Mode FSkdd1l Tone 0O OxGa, Oxdd, OxED, 07T, Dx29, OxAF
B FSK441 Tone 1 OxG5A, Oxdd,0xC5, 0xsC, OxD2, 0x0E
| FSK441 Tone 2 OxGA, Oxdd,0x07, 0x90, Ox0A, 0xX67
FSK441 Tone 2 OxGA, Oxdd,0xES, Mxal, Oxd2, 0xC4
ToneFieq  Tone /KeyingRF  |SSB Carrier 05, Oxdd, OxEF, OxEC, 02 S, OxFE
[1500 [144.43 IT Swnc tone  OxGA, Oxdd, 0xC3, 0<65, OKEZ , O0x5 4
1500HZ Tone 05, Oxebd, O, 0mCC , 0CC, 00D
RTTY Mark OxGd, Oxdd, OxC3, 0xa5, 0xE1, Ox0E
RTTv Space 05, Oxdd, OxCA, OxEC, 0015, 0x4D
aT sync offset 0x34, 009, OxEBA, OxCE
1T44 Tone interwal Ox00,0<70,0=<ES, D=x&0
File Mame ITEEE Interwal 0x00, 0x38, 0x72, 0XED
| GEXHF AD9552 Control reg 0x10,0x50,0x<00,0x<e0 (OSK On)

e FHASE1S0 Constant 0x10,0x00
Conment to be shored with file

| Fraquency data

Calzulate + 'wiite file

11 %
;AD9852 DDS register data for VHF/UHF beacons runni ng WSJT Modes
; Cut and paste into PIC assembly file
:Frequency data
;Fcarrier = 144.4285 , RF Mult = 2 , Fo(carrier )= 72.21425
;Refin =12.8, PLL Mult= 16 , Clock freq = 204.8
de Ox5A,0x44,0xB3,0x7C,0x99,0xAF  ; FSK441 T one 0
de Ox5A,0x44,0xC5,0x8C,0xD2,0x0B  ; FSK441 T onel
de Ox5A,0x44,0xD7,0x9D,0x0A,0x67 ; FSK441 T one 2
de Ox5A,0x44,0xE9,0xAD,0x42,0xC4 ; FSK441 T one 3 Hz
de Ox5A,0x44,0x8F,0x5C,0x28,0xF6  ; Carrier, Fo
de Ox5A,0x44,0xC3,0x65,0xE3,0x54 JT Sync tone
de 0, 0, 0x00,0x70,0xE5,0x60 ;JT44 Tone Interval
de 0, 0, 0x00,0x38,0x72,0xBO ;JT65B Ton e Interval
de Ox5A,0x44,0xCC,0xCC,0xCC,0xCD  ;1500Hz To ne
de O0x5A,0x44,0xC3,0x95,0x81,0x06 ;RTTY Mark 1275 Hz
de 0x5A,0x44,0xCA,0x8C,0x15,0x4D ;RTTY Spac e 1445 Hz
;AD9852 Control reg 0x10,0x50,0x00,0x60 (O SK On)
;PHASE180 Constant 0x10,0x00
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Annex B Generating the data for the JT65 transmission
JT65CODE.EXE, J65TOPIC.EXE and GENJT65.EXE

Generation of the 63 coded symbols for any JT65saws is far too complex a procedure to be incotpdraithin the
beacon controller itself — involving message corsgia, interleaving and Reed-Solomon coding to then13 character
text into 63 codes corresponding to the transmiibe@s. A utility calledJT65CODE.EXEcan be downloaded from the
WSJT web site http://pulsar.princeton.edu/~joe/K1JT/Download.htnthis is needed to generate the symbols thatoare
be stored in EEPROM. The full source code fortility can also be found here, and is invalualdenderstanding the
inner workings of the JT65 coding.

The 63 code words are generated by typidg65CODE “GB3VHF JO0O1DH” from a DOS prompt. Replace the text
between the inverted commas with your 13 charantssage of choice. This instruction sends thdtresthe screen. To
get the result into the PIC listing, the data ciilnee be captured from screen with a text capttitey) or the programme
output can be sent to a file by the DOS redirectitility (which still works, even under Windows NBYy typing :

JT65CODE “GB3VHF JO01DH” > GB3VHFJIT.TXT

The result is sent to the file named. An exangplime output fromJT65CODE is shown below.

Message: gb3vhf jo01dh

Plain text.

Packed message, 6-bit symbols: 24 829 92530 1 13054 836

23

Channel symbols, including FEC:
26 2613415153550175029544737 116 1914 37 43 47
184140392017634359 85057501245 7 451218 240
919123311 249104048 1354 24 20 46 25 24 49 60 21 28

Decoded message: GB3VHFE JO01DH

The symbols can now either be typed into the PiKembler listing manually, or a second programdesTOPIC.EXE
(available from G4JNT) can be used to convert thta ¢hto a form for direct pasting into the assamffile. To use this
utility (assuming the filename as generated aboy®) :

J65TOPIC GB3VHFJT.TXT

You will be prompted for a destination file namehigh will be generated containing the data in anfeuitable for pasting
into VHFBCNE2.INC

Typical output from J65TOPIC.EXE , as stored in the destination

file suitable for directly pasting into VHEBCNEZ2.INC
de d'26',d2, del, d'34, d'15, d'15, d'35, d'50'
de d'17,d50, d'29, d'54, d'47', d'37, d1, dieé
de d'19,d'14', d'37, d43, d47', d'18, d41, d'40°
de d'39,d20, d'17, d'63, d'43’, d'59, d'8:, d'50!
de d'57,d50,d12, d45, d'7, d45), d’12’, d'18
de d2',d40,d9, d'19,d12, d'33, a1, d2
de d'49, d'10', d'40, d'48', d'13’, d'54’, d24', d'20’
de d'46', d'25, d'24, d'49, d'60’, d'21', d'28'

GB3VHF JO0O1DH

Update Jan 2011

The programmeGENJT65.EXE combines the two stages by making the formatt#dacdoe’s JT65CODE and
generating the .INC file. RUBENJT65and follow the instructions. Please note that still need JT65CODE.EXE to
be present in the same directory as GENJT65.EXE
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