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Blastoffforsomerocketryfunwiththistransmitterandsensorpackage!

Morse Code Telemetry  
for Small Rockets and Aircraft

 herearemanyproblemstoover-
 come when designing tele-
 metrysystemsforsmallamateur
 rockets and aircraft. The four
bigonesaresize,weight,expenseandversa-
tility.

Size and weight are obvious problems
whenflyingcraftwhosefuselageislessthan
aninchindiameterandwhosepayloadcapac-
ity is measured in grams. Also important
is the expense.Like it or not, flights don’t
alwaysgoasexpectedandsomecanevenbe
explosive.Consequently,havingasomewhat
expendable avionics module increases the
likelihoodthatitwillactuallyberiskedona
flight.Versatilityinthefieldisanotherprime
consideration, including consideration of
multiple sensor configurations (both analog
anddigital),andcompatibilitywithstandard
receivers,antennasandtransmissionmodes.

Thetelemetrytransmitterandsensormod-
ulesdescribed in this articleweredesigned
primarily forsmall rockets,butaresuitable
foravarietyofshort-rangeremotedatatrans-
missions.Severalprincipaldesigngoalswere
accomplishedinthefinaldesign.
Thegoalsandtheirresultswere:

• Operateinthe2meterama-
teurbandwithanFMhandheld
transceiver.Thetransmitteroper-
atesbetween144.1and148MHz,
dependingoncrystalselection.It
canbebothFMtoneandOn-Off-
Carrier (OOC) modulated—in
other words, continuous wave
keying (CW). The firmware
program in the microcontroller
selectsthetransmissionmode.

• A small lightpackage that
can be flown in small model
rockets.Thetransmitteris5⁄8×1
inchandweighs0.2ounces.The

plug-detachable sensor and controlmodule
variesdependingonthesensorconfiguration.
Theprototypehad twodifferent sensor and
controlmodules.One,usedforradiolocation
withoutsensors,is5⁄8×11⁄2inchesandweighs
0.2ounces,includingthebattery.Thesecond
prototype carries barometric pressure and
temperature sensorcircuits.Thatone is 5⁄8×
31⁄4 inchesandweighs0.7ounces, including
thebattery.

• To provide both analog and digital
inputs.Theprototypeisconfiguredfortwo
analogandtwodigitalinputs.Thetwodigital
inputsareusedasswitchinputs,butcouldbe
reconfiguredthroughfirmwareasserialdata
inputs/outputsoradditionalanaloginputs.

• Aground-to-airrangeof1600feetmin-
imumandaground-to-groundrangeof1200
feet. Field tests with an ICOM IC-W32A
handheldradiowith0.16µVsensitivityand
an8inchmonopoleantennayieldedamaxi-
mumground-to-ground rangeof1500 feet
andair-to-groundrangeofatleast2000feet
(themaximumaltitudetestedtodate).

• Constructedfromstandardsizethrough-

holecomponents.Asingle-sidedprintedcir-
cuitboardensuresasolidandreproducible
transmitter design that requires no adjust-
mentsortweaking.

• Easily accommodate different sensor
modules.The sensor and controlmodules
were designed to be plug mountable, so
they canbe easily switcheddependingon
theapplication.Twoprototypedesignsare
describedinthisarticle.

• Readabledirectlyaswellasbymachine
(computer, intelligent appliance, and so
on).Thetransmissionprotocolselectedwas
Morsecodeat8wordsperminuteforhuman
interpretation and 50 WPM for machine
interpretation.

• Low-currentbatteryoperation.
•  Transmitter and sensor circuits

designedtooperatefromdime-sizedlithium
batteries or N size batteries. The current
requirementat5Vandfullloadislessthan
17mA.

TheoryofOperation
Figure1istheschematicofthetelemetry

system, which was designed
astwomodulesconsistingofa
transmittermoduleandaplug-
in sensorandcontrolmodule.
Thesensorandcontrolmodule
contains the microcontroller,
battery and sensors. Two dif-
ferentsensorandcontrolmod-
uleswereprototyped.Thefirst
wasdesigned for altitudeand
temperaturemeasurementand
thesecond(lighterandsmaller)
wasdesignedforradiolocation
only. Tables 1 and 2 list the
transmitter module compo-
nents and control and sensor
modulecomponents.
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Transmitter
The transmitter is a crystal-controlled

oscillator, which can accommodate either
On-Off Carrier (OOC) modulation or FM
tone modulation. The prototype firmware
accompanyingthisarticleonlysupportsthe
FMtonecapability,however.

The transmitter is turnedonbybringing
pin5of themicrocontrollerhigh.Thispro-
ducescurrentthroughR1andthebase-emit-
terjunctionofQ1(NTE107transistor),and
Q1 conducts. With Q1 conducting, oscil-
lation is determined by the third overtone
seriescrystalbetweenthebaseandcollector
ofQ1and the tankcircuit consistingofL1

Figure1—Schematicdiagramofthetransmittermodulealongwiththecontroland
sensormodule.Eitherthesensorpackageortheradiolocationpackagearebuiltalong
withthecontrolmodule.Separatecircuitboardsareprovidedforthecontrolandsensor
moduleorthecontrolandradiolocationmodule.

(0.68µHinductor)andC2(47pFcapacitor).
TheFMmodulation tone is providedby a
700Hztonegeneratedbythemicrocontroller
and sourced through pin 3. This signal is
acted on by R2, Q2 and C3 to frequency
modulate theoscillator.Only thebase and
collectorofQ2areusedinthisconfiguration,
whichactstoproduceavariablereactancein
responsetothetone.

Antenna
Theantennaconsistsofa12inchlength

of22gaugeorsmallersolidwire.Itcanbe
coiledona1⁄2inchto1inchdiameterformto
shorten its lengthandreducespacerequire-

Table1
TransmitterModulePartsList
C1—0.001µF(Mouser21RX510).
C2—47pF(Mouser21RD747).
C3—15pF(Mouser80-C315C150J1G).
L1—0.68µH(Mouser434-22-R68).
L2—4turns26gaugewiretightlywound

onan1⁄8inchdiameterform.
Q1—NTE107(Mouser526-NTE107).
Q2—NTE108(Mouser526-NTE108).
R1—100kΩ,1⁄8W(Mouser299-100K).
R2—10kΩ,1⁄8W(Mouser299-10K).
Y1—144.1to148MHzthirdovertone

seriescrystal,EX45DL00,
ICMHC-45/Useries
(FX=20.00-59.99MHZ),ICM
(InternationalCrystalManufacturing).

Antenna—12inchsolidconductorwire.
PCBHeader—64,0.100inchsingle

rowrightangleheader(Mouser
575-643909).Removeandusefiveof
theheaders.

Table2
ControlandSensorModule(s)
PartsList
C1—0.1µF(Mouser21RX310).
C2—0.1µF(Mouser21RX310).
C3—470pF(Mouser80-C315C471J2G).
C4—0.01µF(Mouser21RX410).
C5—1µF(Mouser80-T350A105K025).
J1,J2—Low-profileshuntjumper

(Mouser649-687886-202).
R1—100kΩ1⁄8W(Mouser299-100K).
R2—100kΩ1⁄8W(Mouser299-100K).
R3—10kΩ1⁄8W(Mouser299-10K).
S1A,S1B—2positionSPSTdipswitch

(Mouser653-A6T-2104).
TX1—Thermistor(Mouser71-

01C1002FP).
TX2—Absolutepressuresensor

0–15PSI,TypeMPX4115A(DigiKey
MPX4115A-ND).

U1—PIC12F675I/P,8pinFLASH-Based
8-bitCMOSMicrocontroller(Mouser
579-PIC12F675I/P).

U2—78L055-Vregulator(Mouser511-
L78L05ABZ).

Socket—64singlerow0.100inchright
anglesocket(Mouser575-643903).
Removeandusefiveoftheheaders.

Header—2singlerow0.100inchstraight
headers(Mouser649-69190-202).

Battery—12V,type573-23A.
Battery—3Vlithium(Mouser658-

BR1632).
PIC—12F675PICKITI/P8pinFlash

StarterKit(Mouser597-DV164101).
IncludesMPLAB-IDEmicrochip
programmingsoftware.

Antennacounterpoise—12inchsolid
conductorwire.

ments. Maximum transmission range is
achieved with the antenna fully extended.
An additionalwire, equal in length to the
primaryantennawireandextendingfromthe
positivebatteryterminalinadirectionoppo-
sitetothatoftheantennamorethandoubles
thetransmissionrange.Theantennashould
beexternaltoametalfuselage,andthecoun-
terpoise(thewireconnectedtothepositive
battery) can be internal and connected to
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therocket,aircraftfuselageornosecone.

SensorandControl
Thesensorandcontrolmoduleconsistsof

aPIC12F675flashmicrocontrollerICanda
selectablesetofsensorsthatcanbeeitherana-
logordigital.Thismodulealsoincludesthe
powersupply.Twodifferentsensorandcon-
trolmoduleswereprototypedanddescribed
inthisarticle.Althoughmanycombinations
arepossiblewithoutmodifyingthefirmware,
evenmore flexibility canbeachievedwith
onlyslightprogrammodifications.

Thefirstsensorandcontrolmodulemea-
suresaltitudebyusinganabsolutebaromet-
ricpressuresensorandmeasurestemperature
with a thermistor.Thebarometricpressure
circuit consists of the pressure transducer
andcapacitorsC3,C4andC5.Thepressure
transducerhasahighleveloutput(0to5V).
Pin1of the transducer isattached topin7
ofthecontroller,whichisconfiguredasan
analoginput.Thetransducervoltageoutput
relatestoatmosphericpressure.

Vout=[Vs(0.009P–0.095)]±error,whereP
=pressurein1000sofpascals(kPa).

The result of theprocessor’s analog to
digital (A/D) converter can range from 0
to1023(10bit).A5Vinputwillproduce
a1023outputfromtheA/Dconverteranda
0V inputwillproducea0 result from the
A/Dconverter. Intermediatevoltages trans-
late to A/D output values distributed pro-
portionally between those extremes. The
altitudecalculationscanbemadebyusing
thefollowingequations: 1Notesappearonpage31.

Table3
TemperatureConversionChart—A/DunitstoDegreesCelsius
A/D Degrees A/D Degrees A/D Degrees
Units Celsius Units Celsius Units Celsius
240 0 523 26 768 52
250 1 534 27 775 53
259 2 545 28 782 54
269 3 556 29 789 55
279 4 567 30 795 56
289 5 578 31 802 57
300 6 588 32 808 58
310 7 599 33 814 59
321 8 609 34 820 60
332 9 619 35 826 61
342 10 629 36 831 62
353 11 639 37 837 63
364 12 649 38 842 64
376 13 659 39 847 65
387 14 668 40 852 66
398 15 677 41 857 67
410 16 686 42 862 68
421 17 695 43 867 69
432 18 704 44 871 70
444 19 713 45 888 75
455 20 721 46 892 76
467 21 729 47 896 77
478 22 737 48 899 78
489 23 745 49 903 79
501 24 753 50 906 80
512 25 760 51 910 81

p=sea level pressure obtained from your
localweatherstationorNOAAbroadcastin
inchesofmercury(inHg)

p1h=groundlevelreading

p2h=postflightreading

Foreitherp1horp2h:

pnh=[(A/D reading × 0.032047) +
3.11754]± error. (This converts the A/D
readingtoinHg.)

“Error” usually ranges between 0 and
0.1inchofmercury.
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5.2558797

6

Preflightaltitudeatlaunchsite
orpostflightmaximumaltitude

10  1

6.8755856 10

A Microsoft Excel spreadsheet con-
structed from this equation can be down-
loadedfromtheARRLWebsite.1

The temperature sensingcircuit consists
ofR3and thermistorTX1.The thermistor
resistance changes in response to the tem-
perature.Table3isacharttoconverttheA/D
unitstodegreesCelsius.

The second sensor and control module
actuallycontainsnosensors.Itisthesmaller
ofthetwoandisusedforradiolocationonly.It
retainstheabilitytoselecttransmissionspeed
andwaitintervalbyremovablejumpers.

PowerSupply
The telemetry transmitter is powered

from the control and sensormodule.With
thealtimeter/temperaturesensordesign,one
small12V“lighter”battery (23A) isused.
Voltage regulation isprovided to thesensor
moduleand thecontrollerbyU2, a78L05
linearvoltageregulator.

The smaller radiolocation control and
sensor module is powered directly from
oneor two3V lithiumbatteries anddoes
not requirevoltage regulation.Thecurrent
requirementsforthetransmitterandaltitude
sensor and control module are less than
17mAwhilethecurrentrequirementsforthe
transmitter and smaller (radiolocation) sen-
sormoduleislessthan6mA.

The battery used with the altimeter
module iswellsuitedformodelrocketuse
because it is smalland inexpensive—under
$1.Whenoperated in thecontinuous trans-
mitmode,however,anewbatterywillonly
lastabout1hourand20minutesbeforethe
voltagedropsbelowthelevelrequiredbythe
voltage regulator.The transmitterwill con-
tinuetooperateafteritreachesthispointbut
thesensordatawillnotbecorrect.Iflonger
operationtimeisrequired,aheavierbattery
(9Vto12V)willbeneeded.

Firmware
Thefirmwareforthetelemetrytransmit-

terwaswrittenusingMicroChipMPLAB-
IDEandprogrammedontheirFlashStarter
Kit.Acopyofthesourcefilecanbedown-
loadedfromtheARRLWebsite.SeeNote
1. The program primarily consists of an
organized series of calls to subroutines,
whichmakethefunctionalityoftheprogram
easytomodifyshouldadifferentconfigura-
tionberequired.Theprototypefirmware:

•Turns the transmitter on and off by
bringingpin5highorlow.

•Modulates the oscillator by placing a
toneonpin3inMorsecodeformat.

•Usespins6and7asA/D inputs from
analogsensors.

•Uses pin 2 as a speed-of-transmis-
sion selection switch (either 8 WPM or
50WPM).

•Usespin4asanintermittenttransmission
selectionswitch.Ifhighthenthetransmitter
willwait60secondsbetweentransmissions.

TransmissionProtocolandMode
Iwantedtousethetelemetrytransmitter

witha2meterFMhandheldradiobecause
ofitsgeneralavailability.Becauseofthis,I
decided touseFMmodulationandMorse
codeasthepreferredprotocolandtransmis-
sionmode.Althoughmanyotherdigitalpro-
tocolscouldbeused,Morsecodewasselected
becauseitcouldbeinterpreteddirectlyusing
onlyastandardhandheldradio,anadvantage
in remote field applications. It also canbe
machine readable with computer software
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andseveralcommerciallyavailablehandheld
devices.Thecodespeedisswitchselectable
toeither8WPMforhumaninterpretationor
50WPMforusewithmachinedecoding.

ThesequenceoftheMorsecodetransmis-
sionfortheprototypefirmwareis:

1.CurrentreadingfromA/Dconverteron
pin7(precededbytheletterA)

2.Minimumreadingsincepoweronofthe
A/Dconverteronpin7(precededbyAT)

3.CurrentA/Dconverterreadingonpin6
(precededbyB),and

4.Thecontrolstationcallsign.
Acopyofatransmissionmightbe:

a0789at0560b523kd5zug
a0790at0560b522kd5zugetc.
The first line would be read in A/D

units as currentpressure=789,minimum
recordedpressure=560,temperature=523
andstationcallsign=KD5ZUG.

Thecontrollerrecordstheminimumread-
ing from the sensoronpin7 to accommo-
dateapressuremodealtimetercircuit.The
minimumpressure recorded represents the
maximumaltitudeobtained.

Construction
Constructionofthetelemetrytransmitter

andsensormodulesisstraightforward.First
etchanddrill acircuitboardusing the foil
patterns.2 Then, using the part-placement
diagrams,identifythepartsandplacethem
ontheprintedcircuitboardatthelocations
shown.3Theonlyspecialdetailtoperformis

toremovetheemitterfromQ2beforeinstal-
lationonthetransmittermodule.

Thebatteryclips for thealtimeter sensor
andcontrolmodulearemadefromthespring
endof anumber1 size safetypin.Remove
thespringendbycuttingthelatchportionoff.
Insert theendsof thepin throughthecircuit
boardandbend1⁄4inchoversoitlaysflaton
thefoil.Solderthepininplace,beingsureto
covertheentirelengthwherethepinandthe
foilaretouching.Thisprocessworkswelland
producesaverysmallbatteryholder;however,
itcanbeabitcumbersometo install. Ifyou
wouldratheruseacommercialbatteryholder
anysizeNholderwillwork.SeeFigure2.

The battery holder for the radioloca-
tionmoduleconsistsof two jumpersmade
fromtrimmedoffresistorleadssolderedflat
against the component side of the circuit
board.Thesetwojumpersformthenegative
battery terminal.Thepositivebattery termi-
nal ismade froma smallmetalpaper clip
andarchesoverthetopofthebatteries.The
depthofthearchshouldjustbehighenough
toallowtwo3Vlithiumcoinbatteriestofit
underitasshowninFigure3.Acommercial
holderdesignedfor the16xxserieslithium
coinbatterieswillalsowork.

Soldereachcomponentinplace,trimthe
excessleadsandinspectforagoodconnec-
tion.Beespeciallycarefulnottocreateany
solder bridges between foil tracings. The
tracings are very close together and great
care is required. Figure 4 shows the com-
pletedtransmittermodule.

Operation
A field test using an ICOM IC-W32A

handheld radio with the original 8 inch
antennaresultedinground-to-ground(6foot
elevation) rangeof1500 feetwithboth the
transmitterantennaandsensorantennacoun-
terpoisefullyextendedinaverticalplane.A
ground-to-groundrangeof600feetresulted
whenusedwithonlythetransmitterantenna.

Intermediaterangeswereobtainedwhenboth
antennaandcounterpoisewereairwoundon
3⁄4inchdiameterformsofvaryinglengths.

Several successful test flights were con-
ductedaswellassomenotsosuccessfulones.
ApparentlytheGforceatliftoffissufficientto
snaptheconnectorthatconnectsthetransmit-
tertothesensorandcontrolmoduleifitgets
inabind.Also,thebatteryandmicroprocessor
canbe rippedoutof theirmountingsduring
accelerationorwhentheparachutechargeis
ignited. IusedawoodenPopsicle stickasa
“splint” to reinforce the connector joint and
helpstrengthenthecircuitboard.Cutthestick
tothecombinedlengthofthetransmitterand
sensorandcontrolmodules.Tapethestickto
thebottomofthecircuitbytightlywrapping
electrician’stapearoundtheconnector,circuit
boardand stick.Alsowrap themicroproces-
sorandbattery in thesameway.With these
correctionsmade,thecircuitperformedexcel-
lently with solid communications to 2000
feetandaminimumsignalstrengthofS4as
recordedbytheIC-W23Aradio.

Mountingthecircuitinthepayloadcom-
partmentproved tobe tricky.Themethod
thatgavethebestperformancewastocoilthe
antennacounterpoiseona 3⁄4 inchdiameter
formtoalengthof1inchandthenconnect
thefreeendofthecounterpoisetothebaseof
thenoseconesothatthecircuithungverti-
callyinthepayloadcompartment.Thetrans-
mitterantennawasextendedoutthebaseof
thepayloadcompartmentandalongthefuse-
lagetowardthetailfins.Thecoiledcounter-
poisehelpedabsorbtheshockofacceleration
andtheexternalantennaprovidedmaximum
signalradiation.

Conclusion
Watching thedata spill across the com-

puter screenasyour rocketdisappears into
the sky canbe a real rush. It canbe even
moregratifyingwhenyoucanturnonyour
2meterhandheld radioand findyourway-
wardrocketsimplybyfollowingthesignal.

Notes
1A Microsoft Excel spreadsheet based on the

pressurecalculationsgiven in thearticle,as
wellasthemicroprocessorsourcecodecan
bedownloadedfromtheARRLWebatwww.
arrl.org/files/qst-binaries/Baumeister0206.
zip.

2Foilpatternsandpart-placementdiagramsare
partofthezipfilelistedinNote1.

3SeeNote2.
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Figure2—Altimeterandtemperaturesensorandcontrolmoduleandtheedgeconnector
forthetransmittermodule.

Figure3—
Radiolocationand
controlmodulewith
theedgeconnector
forthetransmitter
module.

Figure4—Transmittermodulereadyto
plugintoacontrolandsensormodule.


