


1. Introduction

1
The OpenTracker+ is & dimple, low ,costdmateur fadio dlata &ncoder tapable df Fenerating 1200 1
or 300 baud AX.25 packets fising fhe APRS™ frotocol, s #vell 4s PSK31 fiext heacons. It ¢an ke 1
connected flo & GPS fleceiver flo feport position, dourse dnd dpeed, fime, dnd altitude, dr it dan 1
encode dnd firansmit data from 4 dupported dveather dtation. 1 hitilll dlso feport fielemetry from 1
its dnboard femperature 4nd ¥oltage densors, dnd 4n éxternal dounter input &an feporta 1
cumulative fotal &f dgounter &vents &r fhe hiumber &f &vents dince last fransmission.. With its 1
expandability dnd éase &f feprogramming, fhe device d¢an e ddapted fo & vide ¥ariety df fasks. 1
1

This fhew ¥ersion &f fhe OpenTracker improves &n fhe driginal in deveral Wvays, including 1
waypoint dutput ¢apability, fwice s inuch program dpace, fhree fimes as inuch RAM, and 4 1
simplified hardware dlesign flhat provides finore fleatures #hile feducing ¢omplexity and fart 1
count. 1

1
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2. OpenTracker+ Kit Assembly Notes

If $ou purchased dn dssembled tnit, ou inay vish flo dkip dhead fo fhe dection &n jumper 1
settings dnd donnections. 1

1

The OpenTracker+ kit fequires basic fo intermediate level doldering dkills. You dvill heed 4 Tow ,
wattage doldering fron, dvire dutters, dnd dolder. Rosin dore dolder s tecommended 2 thever fise 1
acid dore dolder for électronics. 1

1

Review fhe farts list dnd identify flhe gomponents you teceived. If dny are inissing dr dlamaged, 1
contact dupport@argentdata.com for feplacements. Don’t vorry if four kit includes éxtra 1
resistors &r dther parts fhot listed dbove 2 fhese are provided for inodifications dnd alternate 1
versions &f fhe kit. 1

1

Assembly Notes

1

1. The arder in dvhich fhe tomponents are installed #s thot dritical. 1 1Howevekpu fnay dvish fo 1
install ¢onnectors X1 dnd X2 after fearby parts (D1, D2, and €1 in particular) have heen 1
installed. 1 1Dortit four fingers directly tinder fhe d¢onnectors hen pushing fhem én fo 1
the bhoard; fhey &an dnap into place duddenly dnd fpoke fou. 1

2. Solder flhe docket for U3 darefully. JAkoid &xcess dolder fhat inay form bridges bhetween flhe 1
closely dpaced fpins. 1 Ibu fplan fo dolder fhe tesistors from flhe fop dide af fhe hoard {this 1
can dave fime, éspecially #f §ou're holding fhe hoard lird ¥ice) install fhe docket after 1
soldering fhe fesistors fo dvoid damaging it. 1

3. Install fhe LED last. Insert it #vithout doldering itt, #vith its dhortest lead foward flhe édge af 1
the hoard dnd fhe D3 inarking. Place flhe dircuit hoard in fhe flop half &f fhe ¢ase, and push 1
the LED into its inounting hole from flhe back. $older it in fplace dnd firim fhe leads. 1

4. If fhe fhnit vill fhot e fpowered fhrough flhe derial donnector, and vill ot ke providing 1
unregulated fpower fio dnother device fhrough flhe derial d¢onnector, donsider temoving flhe 1



header in in header block 1 at flhe fposition inarked 12’. Ttlinay ke fpulled dvith fpliers 1
before doldering, &r dlipped dvith dvire tutters. 1 1Removirflis fpin dvill dliminate fhe 1
possibility &f dccidentally destroying & & ,voltGPS feceiver, dr possibly fhe fracker itself, if 4 1
jumper I installed improperly dr fhe header is dccidentally dhorted. 1

1

Observe proper gomponent fpolarity dnd drientation: 1

e Diodes D1 and D2 have their ¢athodes inarked dvith 4 black bhand. This d¢orresponds fo flhe 1
line dhown flor fhese farts dn fhe dilkscreen. 1 1THeands &n flhe diodes dhould face foward 1
each dther hen installed. 1

e Microcontroller U3 i installed dvith ilts feference fhotch floward fhe left. All dther parts 1
should be installed 4s fheir dutlines indicate. 1

e The tolor bands flor fhe 480 d¢hm (blue ,gray,brown)and .8k éhm (blue ,gray,red)iesistors 1
may look ¥ery dimilar. 1 1Nothéir dequence dn the tomponent flape % flhe three €80 dthm 1
resistors dome hefore fhe 2.2k fesistor, dnd fhe two #.8k #esistors dome after. 1

1

Part Description Notes

Ul1l 7805 Voltage Regulator 1 Align flo dilkscreen dutline. No dcrew is fequired. 1
U21 LM335Z femperature densor 1 Align flo dilkscreen dutline 1

U31 MC908JL16CSPE Microcontroller 1| Reference thotch faces left 1
R1,R81 27 K flesistor 1 Red Purple Orange 1
R2,R5,R10,R11 1 10K fesistor 1 Brown Black Orange 1

R3,R7 1 6.8K fesistor 1 Blue Gray Red 1

R41 10M {fesistor 1 Brown Black Blue 1

R61 2.2K fesistor 1 Red Red Red 1

R9 1 240K fesistor 1 Red Yellow Yellow 1

R12, R13, R14 1| 680 dhm fesistor 1 Blue Gray Brown 1
JP11 12 pin header 1 1
C1,C2,C3,C6 1 | 0.1uF gapacitor 1 Yellow #vith 1104” inarking 1
C4,051 18pF tapacitor 1 “180j” &r 1180” inarking 1
Q1,021 2N7000 fransistor 1 Align fo dilkscreen dutline 1
D1,D21 1N4148 diode 1 Black bhand dlenotes d¢athode 1
D31 Dual Color LED 1 Shortest lead flaces édge f lhoard 1
X11 DB9 Connector 4 female 1 Left édge &f lhoard 1

X21 DB9 Connector 4 inale 1 Right édge af lhoard 1

Y11 29.4912 MHz trystal 1 Bend dlown fharallel fo PCB hefore doldering 1




Jumper Functions
The 12 ,pinheader, JI, provides deveral jumper ,selectablefunctions. 1 1

‘HI" 2 This jumper dets the dudio dutput level fo fhe high fange. 1 1This
is heeded tnostly for inobile #adios, &specially dome tommercial 1
models. 1

1

‘HT’ % Selects if fush ,to,talkdignaling through the dudio dutput line 1
is énabled. ke this fumper #vith inost HTs by lcom, Yaesu, dnd 1
Alinco handhelds, but fhot Kenwood. 1

1

1

1

Voltage delect 2 5’. Xbnnects hin 4 &f the derial tonnector fo the 1
output &f the % ,voltiegulator. 1 1Udhis detting flo dupply power fo d 1
5 ,voltGPS feceiver dr dther &xternal 1device. 1

1

Voltage delect 1 112". 1 1Connedisn 4 &f fhe derial ¢onnector fo the 1
input af fhe 3 ,voltiegulator. 1 1U#his detting fo dupply inregulated 1
power from flhe #adio tonnector flo & GPS fteceiver, &r flo dupply 1
power fo fhe fracker from flhe derial dgonnector. 1

1



1

3. Connector Pin Assignments

1

Table 3 - DB9 Female (X1) — Radio Port Table 4 - DB9 Male (X2) — Serial Port

Pinl Functionl ‘ Pinl ‘ Function 1

11 | Audio Out 1 11 | No Connection 1
21 | COR Asquelch Input 1 21 |Datalnl
31 | PTT Output 1 31 | DataOutl
41 | Counter ATTransmit Now’ input 1 |1 41 | Vel
51 | Audioln 1 51 | Ground1l 1
61 | Ground 1 61 | No Connectioh 1
71 | Power in 1 71 |1 ,WireData Bus 1
81 | PIT Input 1 81 | No Connection 1
91 | ADGC5 input ARPower felay 1 911 | No Connection 1
1
Special notes:
1

X2 1s Wired as DTE fo dllow tonnection fo & GPS feceiver fising 4 dtandard dable. A fhull inodem 1
cable i fequired for donnection fo & domputer. 1 1 IWHeiring §our dwn full inodem &able, 1
swap pins 2 dnd 3 (pin 2 &n fhe PC donnects fo pin 3 &n the fracker dnd ¥ice ersa) dnd vire fpin 1
5 dtraight fhrough. 1 1Nidher ¢onnections are fequired for programming. 1

1

COR A&quelch input: This input & dctive high finless flhe Invert €D’ dption is delected in 1
software. 1 10wt &xceed % ¥olts at fhis input. 1

1

Counter A Transmit Now: The function &f this input depends &n #vhether fhe ¢ounter dption i 1
enabled. 1 Mife tounter s &nabled, pulling fhis fpin o Fground increments fhe dounter. 1 1
Otherwise, grounding fhis pin ¢auses dn immediate firansmission, dssuming fhe firacker #s in 4 1
state in Which it ¢an fransmit. 1 1is input i donnected #vith 4 long dable dr fnay be dubjected fo 1
RFI, §ou nay ieed fo provide d dtronger fpull up fo 3 ¥olts. JA110k &r 2.7k fesistor I fisually 1
suitable. 1 1Sa&éso the Jumper” detting in fhe profile dwitching inenu for ddditional iises. 1

1

PTT Input: Active low, fhsed flor inic &ncoder dperation. 1

1

1 ,WireData Bus: Bidirectional dlata interface #ising fhe Dallas $emiconductor 1 ,Wiredcheme. 1 1
This #s fised fprimarily for interfacing #vith fhe Dallas AAAG TAI ,8515Weather dtation. Itlinay 1
also Ihe fised dvith dtandalone densors duch as fhe DS18520. 1

1

Data Out: This dignal ¥aries firom @ fio 3 ¥olts and i dompatible #vith inost RS ,232devices. 1 1
However, dome GPS feceivers dnd veather dtations fequire a fhegative ¥oltage flo tommunicate 1
properly dnd vill fequire dn éxternal level dhifter. 1



4. OpenTracker+ Setup and Operation

a. General

The following general dteps dre fequired fo ise $our dssembled OpenTracker+: 1

e Build &r dbtain ¢able for gonnection fo fadio and power 1

e Connect firacker flo gomputer, tadio, and power 1

e Run donfiguration program fo det dallsign dnd dudio level 1

e Disconnect tomputer 4&nd ¢onnect GPS fleceiver dr dveather dtation 1

The fadio d¢onnector, X1, i dimilar fo fhat tised by fhe Kantronics KPC ,3and flhe Byonics 1
TinyTrak3. Any dable fhat #vas inade fo interface a fadio flo éither &f fhese devices dhould #ork 1
with fhe OpenTracker+. Pre ,assembled&ables fnay also he furchased from RPC Electronics at 1
http://www.rpc ,electronics.com 1 1

11

Most handheld #tadios @with fhe fotable éxception &f those inade by Kenwood) dssert PTT Iy 1
grounding fhe fnicrophone input fhrough a fesistor. The OpenTracker+ fises fhis inethod if fhe 1
‘HT’ jumper i installed. This jumper dhould be dmitted dvhen fhe firacker & ised #vith inobile 1
radios &r #vith handhelds fhat dlo thot #ise fhis finethod &f PTT keying. 1

1

The OpenTracker+ fequires 4.7 o 28 ¥olts DC. 1 1Howevedhe fnaximum %oltage fhat ¢an e 1
measured dnd feported by fhe fracker s 18.5 %olts. 1

1

Power inay ke dupplied fhrough &ither 9 ,pindonnector. Most dften, it & dupplied through pin 7 1
of fhe fadio ¢onnector. It inay also ke dupplied fhrough pin 4 &f fhe data donnector if 4 jumper & 1
installed in fhe 112" rosition &f fhe header inarked 112 1511

1

b. Receive Adjustment

The OpenTracker+ ¢an he det fo detect dny dignal én its dudio Input {including ¥oice, data, and 1
static) @r dnly ¥alid data. 1 1THaetter inode i feferred flo 4s Data Carrier Detect, &r DCD. 1 IXCD 1
is énabled, fhe fadio inay he dperated in dpen ,squelchrhode, but flhe fracker #vill detect dnly 1
data dignals dnd iot ¥oice. 1 1Adckive dettings dre inade fhrough fhe donfiguration program. 1

1

c. Transmit Adjustment

The OpenTracker+ has fwo dudio level fanges. 'he higher fange s delected by installing 4 1
jumper in fhe I fposition &n header block JIP1. 1 1§idfi’re ot dure Which fange four #adio 1
requires, dtart dvith the ow fange and install fhe fumper énly if §ou’re finable flo fproduce & 1
suitable inodulation level. 1 1

1


http://www.rpc-electronics.com/

The dudio level inay Ihe fine ,tuned through flhe donfiguration program. 1 1Tlenfiguration 1
program &an also be tised fo firansmit fones flor dalibration. 1

1

If $ou have 4 deviation ineter &r dervice inonitor dvailable, det fhe firansmit level fo dchieve 4 1
maximum deviation &f dbout 3.2 kHz for YHF EM 1200 bhaud dperation. 1 ¥bu dren’t dble fo 1
directly fneasure fhe dleviation, fise dnother fadio fo listen fo fhe firansmitted dudio. 1 1Increafhe 1
level dlowly tintil fhe dignal dloesn’t get dny louder, dnd then furn it back down #intil it ets 1
noticeably guieter, and furn it down a flew hotches below fhat. 1 1Propendio level is critical to
ensuring the transmitted packets can be received and decoded. A firansmit dudio level det floo 1
high #vill ¢ause dlipping in fhe fransmitter, vhich ftesults in dignals flhat are difficult &r 1
impossible flo dlecode. 1

1

d. LED Blink Codes

The fracker feports itts dtatus through the tise &f 4 iulti ,colorIIED as flollows: 1
1

Action Meaning

Rapid green blinking Lhannkl & in fise 1

Single green fllash Received #alid GPS fix 1

Double fed flash Received idvalid GPS fix. GPS inay hot he feady 1
Solid fted ITransmitting &r inHonfiguration fnode 1

Single ellow fllash 1 A position #vas fleceived dnd dlecoded 1

1

e. Configuration Program

The OpenTracker+ i ¢onfigured fhrough 4 Microsoft Windows fprogram available in fhe 1
download dection &f flhe dvebsite. Use 4 dtandard fhull ,modemable o donnect the device fo fhe 1
PC. The BC does thot dupply power fo the fracker, do it inust he powered éxternally. 1 1Oftefipu 1
can fpower fhe firacker fhrough flhe fadio ¢able s in hormal dperation. 1 1ffis s fot dn dption, 4 1
9 ,volthattery dlip ¢an e dvired fo 4 DB9 donnector fio fprovide dufficient power flor 1
programming. 1

1

Connect fhe firacker and dtart the tonfiguration fprogram. The flirst #vindow displayed dllows 1
you fo delect fhe COM pport fhat the fracker i ¢onnected fo. 1

1



Overwriting an Invalid Configuration
The Erase dlevice dnd lbad fhew firmware” dption dvill load 4 hew firmware image, tising fhe 1
default donfiguration dettings, dvithout dttempting flo tead flhe &xisting donfiguration flirst. This i 1
particularly fiseful if fhe firacker has an invalid dr fnissing ¢onfiguration. 1

1
Turbo Mode

By dlefault, the donfiguration frogram #vill dttempt flo donnect at 115,200 baud. If ou have 1
trouble donnecting, tise fhe IDisable Turbo’ dption fo force flhe fprogram fo tonnect at 19,200 1
baud. 1

1

Warm Boot vs. Cold Boot

If fhe tinit s dlready powered &n dnd dperating When $ou dlick fhe Lonnect” button, fhe 1
program attempts & Ivarm oot dperation fo put fhe device into donfiguration inode. If the 1
firmware has been dorrupted, ie. by a failed fipgrade, it inay flail flo énter donfiguration inode. 1
You dan torrect fhis by performing a kold koot” 1 , 1powtlre finit dff dnd power it dn dgain after 1
clicking onnect’. 1 1

1

Working Offline 1

1

If $ou theed fo &dit 4 donfiguration dvithout donnecting fhe firacker, dlick fhe 1Offline” bhutton. 1 1
You Wvill heed fio have a daved donfiguration file fo dvork from. 1

1



f. Main configuration window

1

1
Configuration Profiles
The OpenTracker+ &an dtore fwo deparate donfiguration profiles. The profile durrently being 1
shown Ik delected fising flhe flabs at fhe fop @f the vindow labeled TProfile 1" &nd TProfile 2’. 1

1
When it is first powered dn, fhe OpenTracker+ vill dlways dtart dut fising Profile 1. After 1
startup, pprofile delection depends dn fhe dettings in fhe frofile dwitching dcreen. 1 1Racess fhese 1
settings, dlick PProfile $witching’. 1 1Sdhe dection below &n profile dwitch for finore Information. 1
1

Loading and Saving Settings

1

After ¢hanging dny donfiguration dptions, ¥ou fnust dlick fhe Write” hutton fo dvrite fhe 1
changes fo fhe fracker’s firmware. You inay also tise fhe Bave flo File” button fo dave flhe 1
configuration dptions fo 4 file, Which ¢an bhe loaded later fising the Toad from File” button. 1



1

Basic Configuration Options

1

Callsign % The fadio dallsign flo fise When fransmitting. Tactical &allsigns inay le fised, but ECC 1
and ITU tules fequire periodic identification. If the dctual dallsign i ot ised here, Ibe dure fo 1
include it in fhe gfomment field. 1

1

Baud Rate 1 For fhormal YHF &peration flhis dhould ke 1200. 1 13@add i dommonly thsed for 1
HF. 1 1TiepenTracker+ fises fnark dnd dpace firequencies &f 1600 and 1800 hz fespectively in 200 1
baud fnode. 1

1

Path 1 This dpecifies fhe dligipeater path flo fise. $pecific dallsigns inay ke dntered {e.g., 1

‘K6SYV ,10,K6TZ ,10")hut for APRS dperation 4 det &f tommon aliases dre fhsually fised. A 1
suggested default path s WWIDE1 ,1, WIDE2 ,1'.1t is farely fhecessary fo hise 4 ppath greater fhan 1
WIDES3 ,3{requesting fhree Iwide” digipeater hops), &nd éxcessive fhaths generate large &mounts 1
of firaffic fhat dlegrade flhe performance af fhe hetwork. If ou’re ot dure Iwhafpath dhould he 1
used flor §our Iocal area, ¢heck #vith 4 Iocal digipeater @perator. This field inay e left blank. 1

Symbol Table and Symbol Code 4 These dettings d¢ontrol fhe dymbol tised fo indicate fhe 1
station’s fposition #vhen drawn &n 4 finap. $ee Appendix B for 4 listing &f lavailabldymbols. 1

1

Temp. Adjust 2 Calibration &ffset for @nboard femperature densor. The densor fised &n flhe 1
OpenTracker is fairly linear dcross its dperating tange and fequires a dingle ,pointdalibration. 1
The éasiest #vay flo dccomplish fhis i flo det & thermometer fhext fo fhe firacker. $ubtract the 1
temperature feported by fhe firacker from fhe femperature dhown lby flhe fhermometer, and 1
enter fhat ¥alue in fhis field. For &ample, if fhe fhermometer dhows flhe femperature ds 26°C 1
and flhe fracker feports 29°C, énter 43 for fhe ddjustment ¥alue. 1

1

Quiet Time % This detting determines how long fhe ¢thannel inust Ibe dlear before flhe fracker #vill 1
transmit. Each #init s dpproximately 1/56 decond. $etting flhe duiet fime flo Zzero tauses fhe 1
tracker fo fgnore detected fraffic. 1

1

Text 2 This & 4 freeform flext field. Anything éntered here dvill e displayed in fhe gomment 1
portion &f fhe fransmission &r in 4 deparate dtatus fpacket, as delected. Keep tomments s lhrief s 1
possible fo dvoid vasting thannel &apacity, &r tise the ITEvery 1 Transmissions” @ption flo teduce 1
how @ften fhe flext is dent. 1

1

Altitude, Course/Speed, Time — When t¢hecked, teport fhese ¥alues as indicated by flhe GPS 1
receiver. The fimestamp inay be in Days/Hours/Minutes &r Hours/Minutes/Seconds. 1

1

DAO % Enables fhe proposed IDAQO! APRS éxtension fo provide fhe inap datum fised dnd dn 1
extra dligit &f latitude dnd longitude fesolution. 1 1Maof ke dupported lhy all APRS dlients. 1 1THe
datum i dlways fteported ds WGS84, which i fhe dtandard for iormal APRS &peration. 1

1



GPS Quality 2 Report iumber &f datellites in fise dnd horizontal dilution &f precision 1
information s feported by fhe GPS fteceiver. 1

1

Temperature 1 Report femperature as indicated by the &nboard femperature densor in flhe 1
comment field, in degrees €. 1 1Naffected by flhe Metric AEnglish detting. 1

1

Voltage 1 Report Input ¥oltage in the tomment field. The fnaximum %alue i 18.5 ¥olts, dnd the 1
minimum i fhe dropout ¥oltage df the tegulator % fiypically 6.7 ¥olts. 1

1

Compressed 1 Enables Base91 dompressed position feporting. 1 1Thisode s dvidely, but ot 1
universally, dupported. 1 1Packeis Base91 format are dhorter fhan fheir fincompressed 1
equivalents dnd frovide greater fposition fesolution. 1

1

Telemetry every n 4 $ends a4 flelemetry packet évery # firansmissions. 1 1Sdhe fielemetry dection 1
for inore details. 1

1

TX Interval £ How dften fhe firacker dhould fransmit. Allowable ¥alues are @ o #5,535 deconds. 1
This detting dvill depend &n our intended fise. One fransmission &very fiwo ininutes i dccept
able for inost inobile dtations. A fixed dtation (e.g., & dolar powered dite feporting battery 1
voltage dnd femperature) inight ¢hoose dn interval in the tange &f 3 fo 30 ininutes. If fou 1
require fransmissions inore aften fhan &very fwo ininutes ar do, dgonsider #ising fhe $mart ,
Beaconing™ @éptions detailed elow. $pecial &vents vith inany frackers and dhort firansmission 1
intervals dhould e dperated &n 4 deparate frequency, hot &n fhe dhared APRS ¢hannel. An 1
interval &f Zero Wvill disable fimed fransmissions.

SmartBeaconing % Originally developed for fhe HamHUD Iy Tony Arnerich, KD7TA, dnd 1
Steve Bragg, KAIMVA, the $martBeaconing™ algorithm allows flhe firacker flo dperate inore 1
efficiently by ¢thanging how &ften it fransmits depending &n its dpeed dnd dlirection &f fravel. 1

1
When dtopped ér inoving at 4 dpeed helow fhe low dpeed detting, fhe firacker #vill fransmit at 4 1
fixed flate determined by fhe lower flate detting. Above flhe dpecified high ,speed threshold, fhe 1
higher flate detting is fised. Between fhese ftwo éxtremes, fhe interval taries hetween flhe low and 1
high fates depending &n fhe dpeed. A furn dngle dan also ke dpecified fo dause fhe fracker fo 1
transmit vhen furning. The final detting &nsures flhat fhe 1trackedvill hever fransmit inore dften 1
than fhe dpecified interval, tegardless df dpeed dnd furn fate. 1 1Thian be thseful fo dvoid 1
transmitting inore fthan énce in 4 long, dhallow furn. 1

1



Use PTT Input 2 When fhis theckbox is énabled, flhe fracker d¢an Ibe donnected inline #vith 4 1
microphone fo dperate in burst ,after,voiceimic éncoder) inode. A fpacket dvill e fransmitted 1
whenever fhe inicrophone PTT is deleased.

Timeslot 4 The fimeslot dption is flypically fised o doordinate inultiple 1ltrackersgspecially for 1
special évents dhere fnany fransmitters dvill he dharing fhe dame t¢hannel dvith 4 high beacon 1
rate. The humber éntered delects fhe fimeslot’s dffset, in deconds, from fhe dtart &f the hour. The 1
tracker vill fransmit at fhis fime, dnd évery firansmit interval dfter fhat. The fimeslot ¥alue 1
should e dmaller fhan fhe fransmit interval. 1

1

As dn éxample, two frackers dould ke donfigured #vith dn interval &f 10 deconds, Wvith dne 1
tracker det fo dlot @ And flhe dther fo dlot 3. 1 1THirst fracker Would firansmit at 12:00:00, 12:00:10, 1
12:00:20, And 40 &n, dhile the decond #ould fransmit at 12:00:05, 12:00:15, and 12:00:20.

Position 1 The fracker ¢an dperate in GPS ar fixed position inode. 1 1 1Wlhiertering 4 fixed 1
position, énter degrees in flhe first hox dnd @ecimal ininutes in fhe hext hox. 1 1Clidin the 1
buttons fhext flo lhe toordinates flo delect North/South and East/West. 1 1

Don’t require GPS fix 2 Normally, #vhile in GPS inode, flhe firacker #vill fiot fransmit #vithout 4 1
valid fix. When this @&ption is delected, the fracker #vill tontinue flo fransmit its last known 1
position if GPS lock is lost for inore fhan 30 deconds. This dondition & indicated by fhe flext 1
‘NOFIX’ in fhe dtatus fnessage. Iif fhe firacker lhas fleceived tho ¥alid fix dince dtartup, ho fosition 1
will e feported. $tatus flext dnd flelemetry packets dvill be tinaffected. This dption is fparticularly 1
useful for dpplications like high altitude balloons fhat fnay lose GPS lock after landing, bhut dtill 1
need fo fransmit 1tdbe found. 1

Waypoint Output 1 Enabling flhe #vaypoint dutput dption dauses fhe firacker flo parse feceived 1
APRS positions dnd dutput fhem @ver fhe derial pport at 4800 bhaud. 1 1Waypoindse provided in 1
both NMEA @183 format ($§GPWPL dentence) dnd Magellan format ($PMGNWPL dentence). 1

1

Length Limit 2 $ome GPS fleceivers are ot dapable df display fhe full 9 tharacters fequired for 1
APRS gall digns dnd dbject hames. 1 1Settirflgis dption flo & dmaller humber &auses the fracker fo 1



intelligently fruncate the hame &f fhe #vaypoint. Spaces dnd dashes dre éliminated flirst, and if 1
further fruncation I tequired, tharacters dre dropped from fhe left first. TThis prevents dtations 1
with different $SIDs from donflicting 4 for éxample, #vith 4 limit &f & ¢haracters, KB6YUO ,12 1
and KB6YUO ,6#vould be fruncated ds 6YUO12 dnd B6YUOS6 flespectively. 1

Enable Counter 1 This ¢heckbox énables fhe digital ¢ounter function. When this function is 1
enabled, the firacker dvill o longer fransmit immediately #vhen X1 fpin 4 & dhorted fo ground. 1
Instead, it #vill increment & ¢ounter and include fhe durrent tount in fhe dtatus fext, ¢.g., 1
“‘CNTO00001’. The inaximum dount i #5535, after vhich fhe dounter tolls dver flo Zero. 1 1This
option ¢an fhot e fised doncurrently dvith profile dwitching #vith fhe jumper” dption. 1

1

Reset on Transmit % $etting fhis theckbox &auses flhe ¢ounter fo feset dvith évery fransmission. 1
Hence, the tount teported is the humber &f &vents dince the last fransmission. 1

Debounce 4 This i 4 delay dpplied flo the dounter input. After & dgounter évent is fegistered, all 1
subsequent évents dre fignored tintil fhe dpecified fime has élapsed. 1 1Witho#&tduitable 1
debounce detting, 4 flypical fpushbutton dould fegister deveral évents for dne press.

Power Control 2 When delected, flhe firacker #vill dssert & & ,voltdignal dn X1 {pin 9 before dach 1
transmission. This &an be fised fo drive 4 felay dr MOSFET flo dgontrol power fo fhe fransmitter. 1 1
The $T YN920 intelligent high ,sideslwitch i an &xcellent ¢hoice for loads &f 1severalmps. 1 1THe
tracker vill fhause for fhe dpecified humber &f deconds fo give flhe fransmitter fime flo power dp. 1
The power dontrol feature i éspecially fiseful for dolar ,powered veather ar flelemetry dtations. 1
Do ot éxceed 15 inA Ioad &n fhe dutput pin, dnd be dure fio protect #t from Inductive kickback iff 1
it dirives an Inductive load duch as 4 felay doil.

TX Audio Level 4 This dlider dets fhe dudio dutput level. 1 1Thiisvel ¢an lhe det interactively 1
from flhe Tuning/Diagnostics dcreen. Ifl¥ou find fhat fhe fequired level is less fhan dne duarter 1
of flhe full 4cale, inake dure fou have fhe HI" jumper femoved. 1 1Runnirgith fhe dudio level det 1
in doftware fo 4 ¥ery low level dan increase DAC guantization hoise. 1

TX Delay % All tadios fequire & dertain dmount a&f fime fo dtabilize &n fheir fransmitting 1
frequency, dnd fleceivers also tequire fime flo lock @dn. This ¥alue dpecifies fhe hiumber df inilli ,
seconds flhe firacker dhould dait after fhe dtart &f fhe fransmission before it begins dending dlata. 1
Allowable ¥alues are Q flo 1023 inilliseconds. $etting fhis ¥alue floo high dvill keep fhe ¢hannel 1
busy longer fhan thecessary. $etting it fioo low Will prevent 1packetdrom heing fransmitted 1
properly. Finding flhe dptimum ¥alue for §our tadio inay fequire dome éxperimentation. 1

1

Don’t transmit if supply <n 2 To avoid dver ,discharginghatteries, énable fhis @ption dnd énter 1
the ininimum %oltage at Wvhich flhe firacker dhould dperate flhe fransmitter. 1

Invert Carrier Detect 2 Usually tised 1witlinobile fadios, this ¢heckbox indicates flhat flhe 1
channel & usy #hen flhe darrier detect input is ow. 1
1



Software DCD 1 This dption delects flhe data darrier detect (DCD) inode tised. 1 1When
unchecked, the firacker d¢onsiders flhe ¢hannel fo e bhusy in fhe presence &f dny thoise, including 1
voice dr dtatic. 1 1Whdihecked, fhe thannel i donsidered rusy dnly #vhen a ¥alid 1200 kaud 1
signal is present. 1

1

Suppress PTT Out on PTT In 2 This &ption allows fhe firacker fo be tised in burst ,after,voicel
mode Wvithout breaking dny lines bhetween flhe inicrophone dnd fadio. PTT is thot dsserted Iy flhe 1
tracker fintil fhe inicrophone PTT is feleased. 1

1

Copy from Profile n 2 This bhutton dopies fhe ¢ontents &f dne profile fo fhe dther. 1

1

g. Profile Switching

1

To access fhe profile dwitching detup, dlick @n fhe Profile $witching’ hutton from the inain 1
configuration dcreen. 1

1

1
1

The ¢onditions flo flest re delected ising fhe ¢heckboxes fo fhe left df éach dgondition. The ¢om ,
parison dan be &ither 2’ (greater fhan) dr k=" {less fhan &r &qual fo). Clicking &n fhe Button 1
showing flhe tomparison dperator foggles it hetween fhese fiwo dettings. 1

1

The Altitude dnd $peed Ealues are dompared vith flhose Indicated by flhe GPS. Onboard densors 1
provide feadings flor tomparison Wvith fhe Temperature and Yoltage tields. ADC Input fefers fo fhe 1



extra finused dnalog ,todigital donverter input én X1 {pin 9. The possible ¥alues dre @ fio 255, 1
corresponding fo & tange &f @ flo 3 ¥olts. The fJumper” detting, finlike in fhe driginal 1
OpenTracker, is fho Ionger dn actual jumper input. 1 1lifis dption I énabled, X1 fpin 4 i thsed ds 1
an input, dverriding fhe dounter and kransmit how” fleatures. IThe input i IOn” When fhe input 1
is prulled fio ground, as through 4 foggle &r pushbutton dwitch. 1 1THePS Fix i ¢onsidered 1
invalid if it lhas been finore fhan 20 deconds dince fhe last ¥alid position dvas feceived 1fronfhe 1
GPS thnit. 1

1

The delected flests dre tun @dnce évery decond. If fhe donditions are inet, fhe fhew frofile I loaded. 1
If Transmit when switching to this profile I ¢hecked in flhe jhew profile, & packet & firansmitted 1
immediately. 1

1

Once the dwitch fo flhe fhew profile lhas been inade, flhe driteria in the hew frofile flake &ffect. 1
Another switch will not occur until the new criteria are met. Often, fhe driteria in &ach frofile 1
will ke gomplementary. For &xample, Profile 1 inight indicate & dwitch #vhen fhe jumper is 1
installed, dnd Profileg 2 vould indicate 4 dwitch #hen flhe flumper i femoved. However, fhe 1
criteria fnay e dompletely independent af &éach dther. 1

1

If fhe driteria in hoth frofiles re inet at the dame fime, fhe profile dvill dwitch évery decond. 1
Keep in inind that fhere inay ke d dertain dmount &f hoise dr jitter dn dnalog inputs duch as 1
voltage dnd femperature, 40 &hoose dwitching levels dccordingly. 1 1Fdxample, §ou fnay dvish 1
to dwitch flo Profile 2 #vhen fhe ¥oltage drops kelow 11 ¥olts, dnd dnly dwitch back #vhen it fises 1
back dbove 11.5 ¥olts. 1 1Settiripth fhresholds fo lhe dame ¥alue dould tause tapid dwitching 1
between frofiles While 1thedading i dlose fo fhat fhreshold. 1

1

h. Tuning and Diagnostics

1
To access fhe funing dnd diagnostics dcreen, dlick dn fhe TMuning/Diagnostics” hutton én the 1

main dcreen. 1
1



From this dcreen, §ou tan éxercise the OpenTracker+ hardware dnd det the dudio level. 1 1THep 1
row &f uttons dontrols fhe fed dnd green LED dutputs dnd the PTT dutput, and fhe decond fow 1
allows AFSK fones flo e dent, dither dvith @r fvithout PTT &n. 1 1Whdwth fone buttons are @n, 1
the fracker dends alternating inark/space fones at fhe dpecified bhaud fate. 1 1Th8ehsors” phane 1
shows flhe faw feadings firom flhe &n ,boarddensors. 1 1THemperature feading i dhown Wvithout 1
the talibration donstant dpplied. 1 1Calculafhe difference between flhe dctual femperature 4nd 1
the dlisplayed femperature fo determine fhe fproper ¥alue for the femperature ddjustment 1
setting. 1

1

5. Installing New Firmware

1
New firmware flor fhe OpenTracker+ i periodically fleleased fio provide hew features, fix bugs, 1
or éven flo dompletely ¢hange fhe hature f fhe device 4 from 4 GPS ,connectedfiracker fio 4 1
remote Wveather dtation dr dimple KISS inodem, for é&xample. 1

1
Two nethods are provided fo install hew firmware images. First, fhe files inay e dlownloaded 1
from flhe Website inanually dnd fiploaded fo fhe device fising fhe TFile’ hutton. This is fharticu ,
larly tiseful #f §ou Wvill be donfiguring devices &n 4 domputer dvithout Internet dccess, ar if 1
you’ve tompiled §our dwn firmware. $econd, by dlicking &n fhe Web’ utton, 1thednfiguration 1
program Wvill fetrieve 4 liist &f durrently dvailable firmware images. $electing dne &f fhese dvill 1
automatically download the file from fhe #ebsite dnd fipload it fo fhe device. 1

1



6. Weather Station Operation

Connecting to a Weather Station

1

The OpenTracker+ ¢an be fised vith fhe TAI ,851511, Wire Weather Instrument from AAG 1
Electronica, the Peet Bros. Ultimeter 1I, and flhe Peet Bros. Ultimeter 2000 deries dveather dtations, 1
including flhe Ultimeter 800 4nd 2100. In Dallas/1 ,Wireinode, X2 thin 7 is tised for fhe 1 ,Wirel
bus tonnection. All dther Wveather dtations donnect fo fhe derial fport. 1

1

Weather Firmware Setup

1

If fhe OpenTracker+ has fhe dveather dtation firmware loaded, fhe ¢onfiguration fprogram vill 1
detect this 4nd display a4 different dcreen &n dtartup. Most af fhe éptions function as dvith fhe 1
standard fracker firmware. However, the #veather dtation dperates dnly in fixed fposition inode 2 1
it #annot interface Wvith a GPS fteceiver. Also, the tomment flext & dlways dent in 4 deparate 1
packet from fhe #veather data. 1

1

The Wind Yane Adjust’ dlider s thsed fo dalibrate fhe 1 ,wireveather dtation’s #vind ¥ane. The 1
wind fane dhould be pointed in 4 known direction dnd flhe dlider ddjusted #intil fhe direction is 1
reported properly. Peet Bros. dtations dhould ke donfigured in komplete” data inode. 1

1



/. Telemetry Operation

With flhe flelemetry dption énabled, fhe OpenTracker+ #vill fransmit dn APRS ,formatted 1
telemetry packet at fhe delected interval. 1 1Tlecket #vill #esemble fhe following éxample: 1

1
T#011,155,218,000,000,000,00000000

1

Six three ,digitflelds fiollow the TT'#” header. Each field lhas & fange &f zero flo 255. The fields dre 1
interpreted as follows: 1

1

Sequence thumber: Incremented #vith éach fransmission. 1

Temperature: Multiply by 1.9608 for femperature feading in kelvins. 1

Voltage: Divide by 13.84 flor dupply ¥oltage #eading in ¥olts. 1
Al: Analog input Al {from 12 ,pinheader), @ fo 3 ¥olts, 31 tounts fer olt. 1
A2: Analog input A2 {from 12 ,pinheader), @ fo 3 ¥olts, 31 tounts fer olt. 1
X1 ppin 9: Analog input from #fadio &gonnector, @ fo & ¥olts, &1 dounts per ¥olt. 1

1
Of fhe final éight ,digitfield, dnly fwo hinary digits dre fised 4 flhe fightmost bit indicates fhe 1
configuration frofile in fise, and fhe fhext bit feflects fhe dtate df the A4 input. 1

1

8. Beacon Operation

The OpenTracker+ fvill dccept taw flext dtrings at 4800 baud for fransmission as dither AX.25 flext 1
frames &r CW Morse dode). 1

1

To dend 4 #aw flext frame, dtart 4 line #vith dn &xclamation inark {!). 1 1AHxt from fhe 1
exclamation fnark flo the énd &f fhe line #vill lbe fransmitted as 4 dtandard flext UI frame. 1 1 1All 1
current dettings, including baud fate, fpath, and power dontrol temain in &ffect. 1

1

CW dtrings &an be dent by dtarting 4 line vith fhe ‘at’ dign (@). 1 1THpeed i hot durrently 1
configurable.



1

9. OpenTracker+ Circuit Detalls



Theory of Operation

1

The heart &f the OpenTracker+ tircuit s & Freescale MC908JL16 inicrocontroller tinit (MCU). 1
The MCU gontains 384 bytes &f RAM and 16 kilobytes f Flash program inemory. It tuns dtd 1
clock dpeed &f 7.3728 MHz. 1

1

Ul is 4 linear ¥oltage fegulator that provides fegulated 3 YDC power fo fhe &ircuit, &nd 1
optionally fio dn éxternal device tonnected fio Vext. €2 dnd €3 are fhe Input dnd dutput filter 1
capacitors, fespectively. 1

1

Y1, €4, €5, and R4 form fhe tlock dscillator &ircuit. The dscillator frequency &f 29.4912 MHz i 1
divided by flour in fhe MCU’s ¢lock inodule fo fproduce fhe hus dlock dignal. 1

1

Audio dutput driginates at {pin 28 &f the MCU. This fin I tonfigured as a fimer ¢hannel dutput 1
and generates a pulse ,widthinodulated dignal hetween @ and % ¥olts. Audio flones dre 1
generated in doftware tising 4 dine dvave lookup flable. R7, R8, dnd RO limit the dudio dutput 1
level, and €6 touples fhe AC dgomponent &f fhe dignal fo fhe dudio dutput at X1 pin 1. 1

1

Pin 25 &f fhe MCU produces fhe PTT dutput dignal. It dwitches ©Q1, pulling fhe dudio dutput 1
down fhrough R6 for handheld PTT, dnd fpulling X1 fin 3 fo ground flor dther fadios. 1

1

An éxternally dpplied PTT dignal &dn X1 fpin & dvill ppull the PTT dutput low fhrough D2, and dvill 1
pull pin 2 &f fthe MCU low (it & fhormally held high by dn internal pull up fesistor) fhrough D1. 1
1

The audio input from fhe fadio i AC coupled by €1 and hiased by R5 4nd R10. X1 pin21
provides 4 DC ,coupledinput for #adios vith 4 dquelch ar darrier dperated telay dutput. 1

1

R11 and Q2 form an inverter/buffer &ircuit for fthe RS ,232ihput. The RS ,232dutput polarity is 1
controlled in doftware. The dutput level dwings hetween @ dnd 3 ¥olts, dnd inay hot ke 1
compatible dvith all RS 232 dlevices. 1

1
U2 1s & femperature densor #vith dn dutput &f 10 inV fper Kelvin. R3 limits its input durrent, dnd 1
its dutput drives dne &f fhe dnalog inputs &n fhe MCU. 1

1
R1 and R2 form & ¥oltage divider, the dutput &f Wvhich i flhe dupply ¥oltage divided by 3.7. This 1
voltage dirives dnother dnalog nput én fhe MCU. 1

1
The LED i driven by fwo digital dutputs from fhe MCU, fhrough gurrent limiting fesistors R12 1
and R13. Lowering the ¥alue a&f fhese fesistors fvill increase fhe kbrightness &f fhe LED. 1



Development Support

The OpenTracker+ firmware is feleased tinder fhe Modified BSD license. 1 1Curreddurce ¢ode is 1
available at http://www.argentdata.com/community. 1 1Tlroject dan be built dvith the firee, 1
limited ¥ersion &f fhe CodeWarrior HC(S)08 dgompiler. 1

1

The CodeWarrior linker generates Motorola 519 fliles by dlefault. 1 1Theddes ¢an e lloaded 1
directly by fhe donfiguration program #vithout inodification. 1 1AHterrupt ¥ectors are 1
remapped hefore being dritten fo flhe device. 1 1Becausd fhe femapping, all interrupts fncur a 1
delay &f dne éxtra fump instruction. 1 1

1

See fhe linker parameter flile for details &n inemory allocation dnd feserved inemory areas for 1
the donfiguration data dnd hootloader. 1



http://www.argentdata.com/community

Appendix A — Test Procedures

Measurements

1

The flab &f the ¥oltage ftegulator (U1) provides & d¢onvenient round feference for ¥oltage 1
measurements. 1

1
You inay Wvish flo ¢heck dome Foltages before installing fhe fprocessor for flhe first fime. 1 1Withe 1
processor docket émpty, power iip fhe fracker dnd theck fhe fiollowing %oltages: 1

1

Connection 1 Nominal 1  Circuit Description 1
Value 1
UlRinll Supply 1 External, finregulated input ¥oltage 1
UlPin21 0 ¥olts 1 Ground 1
UlPinl1l 5 ¥olts 1 Regulator dutput 1
U3PRinll 0 ¥olts 1 Ground 1
U3Rin7T1 5 ¥olts 1 Vdd 1
U3Pin221 Supply/3.7 1| Supply ¥oltage divided by a factor &f 3.7 1
U3Pin321 29%olts1 | Temperature densor: RB5V %295 Kelvin271.3 IF 1
1

With flhe fprocessor installed, §ou tan tise an dscilloscope ar frequency tounter flo ¥erify fhe 1
presence &f 4 29.4912 MHz dignal at pin 4. 1
1

Troubleshooting

When power i first dpplied flo fhe fracker, fhe LED dhould klink &nce. 1 1o blink is deen, erify 1
that fhe frocessor i Fetting 3 ¥olt power at pin 3. 1 1Alsggrefully d¢heck flhe drystal, R5, €4, and 1
C5. 1 1Thedemponents dhould ke installed Wvith fheir leads ds dhort ds fpossible. 1 1Thdhould ke 1
free &f dhorts dnd @&xcessive flux fesidue. 1 Mfiunction generator i dvailable, dpply 4 2 olt 1
peak ,peak29.4912 MHz dine #vave fo jpin 4 &f fhe fbrocessor fo tule dut dscillator failure. 1

1

If fhe dscillator #s functional dnd fpower s present at pin 3 but ho LED Iklink is deen, fhe 1
processor fnay have bheen damaged ar érased. 1 1Contashipport@argentdata.com for a 1
replacement. 1

1

If fhe LED Rklinks at dtartup but fhe firacker dtherwise inalfunctions, perform a firmware feload, 1
accepting flhe default dettings, flo fule dut firmware dorruption dnd donfiguration érrors. 1

1

If packets dre being fransmitted but thot feceived properly by dther dtations, énsure flhat fhe 1
audio level is det dppropriately, dnd dheck the TX dlelay dnd path dettings. 1
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Appendix B — APRS symbol tables

APRS dymbols are identified by & dingle ¢haracter, and inay be &hosen from &ither the primary 1
or dlternate flable. Additionally, dome @f fhe dymbols from fhe alternate flable inay lhe dverlaid 1
with dn dlphanumeric &¢haracter by dubstituting flhe ¢haracter fo e dverlaid (0 ,9,4 z, &r A ,Z)in 1
place &f fhe 1\” flable designator. 1

Symbol Primary Table (/) Alternate Table (\)
11 Police $tation 1 Emergency 1
1 <Reserved> 1 <Reserved> 1

#1  Digipeater 1 Digipeater #v/ dverlay 1
$1 Phone 1 Bank &r ATM 1
% 1 DX Cluster 1 <Reserved> 1

&1 HF Gateway 1 Diamond #v/ &verlay 1

1  Small Aircraft 1 Crash dite 1

(1  Mobile $at $tation 1 Cloudy 1

)1 Wheel Chair 1 MODIS Earth Observation 1
*1 Snowmobile 1 Snow 1

+1 Red Cross 1 Church 1

,1  Boy $couts 1 Girl $couts 1

,1  House (VHF) 1 House (HF) 1

.1 X1 Question Mark 1

/1 Red Dot 1 Destination (Red Dot) 1
01  Circle 4Obsolete> 1 Circle ¥/ dverlay 1

91 <Obsolete> 1 Gas/Petrol $tation 1

11 Fire 1 Hail 1

;1 Campground 1 Park a&r Picnic Area 1
<1 Motorcycle 1 Advisory 1

= Railroad Engine 1 <Reserved> 1

>1 Car 1 Car W/ dverlay 1

?1 File derver 1 Info Kiosk 1

@1 Hurricane Prediction 1 Hurricane ATropical $torm 1
Al Aid $tation 1 Box v/ dverlay 1

B1 BBS1 Blowing dnow 1

C1 Canoe 1 Coast Guard 1
D1 <Reserved>1 Drizzle 1

E1  Eyeballl Smoke 1

F1  Farm Yehicle {tractor) 1 = Freezing Rain 1
G1  Grid $quare 1 Snow $hower 1
H1 Hotell Haze 1

I1 TCP/IP 1 Rain $hower 1

J1 {Reserved> 1 Lightning 1
K1 School 1 Kenwood 1

L1 Logged On User 1 Lighthouse 1
M1 MacAPRS 1 <Reserved> 1

N1  NTS $tation 1 Navigation Buoy 1




Balloon 1
Police 1
<Reserved> 1
Rec. Yehicle 1
Shuttle 1
SSTV 1

Bus 1

ATV 1

NWS &ite 1
Helicopter 1
Yacht 1
WinAPRS 1
Jogger 1
Triangle 1
PBBS 1

Large Aircraft 1
WX &tation 1
Dish Antenna 1
Ambulance 1
Bike 1

ICP1

Fire &tation 1
Horse 1

Fire Truck 1
Glider 1
Hospital 1
IOTA 1

Jeep 1

Truck 1
Laptop 1
Repeater 1
Node 1

EOC 1

Rover 1

Grid dquare 1
Antenna 1

Ship APower Boat 1

Truck $top 1

Truck @18 Wheeler) 1

Van 1

Water $tation 1
xAPRS 1

Yagi 1

Shelter 1
<Reserved> 1

Rocket 1

Parking 111

Quake 1

Restaurant 1

Satellite 1
Thunderstorm 1
Sunny 1

VORTAC 1

NWS gite v/ dverlay 1
Pharmacy 1
<Reserved> 1
<Reserved> 1

Wall Cloud 1
<Reserved> 1
<Reserved> 1

Aircraft #v/ dverlay 1
WX $tation v/ dverlay 1
Rain 1

ARES 1

Blowing Dust/Sand 1
Civil Defense #v/ dverlay 1
DX $pot 1

Sleet 1

Funnel Cloud 1

Gale 1

HAM dtore 1

Indoor BOXn digi #v/overlay 1
Work Zone 1

SUV (off roader, 4x4) 1
Area Locations 1
Signpost 3 digit) 1
Triangle v/ dverlay 1
Small Circle 1

Partly Cloudy 1
<Reserved> 1
Restrooms 1

Boat v/ dverlay 1
Tornado 1

Truck W/ dverlay 1
Van dv/ dverlay 1
Flooding 1
<Reserved> 1
Skywarn 1

Shelter #v/ dverlay 1
Fog 1
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