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1 Introduction

The BeeLine GPS Telemetry transmitter integratescaocontroller, an FM radio transmitter, a GPS mledand an active
GPS receiver antenna onto a single, small, low pdward. An on-board microcontroller converts ldt@ude, longitude
and altitude from the GPS module into an AX.25 gmteket. This AX.25 data packet is then modulated transmitted at
1200 baud over a radio link. A suitable receivedt packet decoder (TNC) are required on the reegignd. Software
decoders sucAGWPE andMIXW , as well as hardware decoders like the ByoRic®acand the Kenwood TH-D7(a) are
just a few examples of the supported hardwarea(aiteur radio TNC that supports the AX.25 standaadild work).

2 Important Battery Information

The BeeLine Transmitter is designed to operat®efdf single cell lithium polymer battery. Otherttieay sources may be
used, but the MAXIMUM BATTERY VOLTAGE MUST BE LESTHAN 6.3 volts, otherwiselamage to the on-board
processor may result. By changing or removing components on the baarslpossible to use higher voltage levelp (o
16Volts, 9.2 is OK, max determined by the voltaggilator. Actually, the Vreg can handle 16V, lnatt power dissipation
becomes a problem. Maximum realistic input voltagfbout a heat sink is limited to 9V or so.

The battery hasot been charged They arrive partially charged from the factondahould have sufficient charge to
operate for a limited time. Please fully charge ltlattery before extended use.

The supplied battery has a 750mah capacity andasillfor at least 10 hours.
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2.1 Lithium Battery Safety

They can't be beat for power density, but they mdLY be charged with a charger specifically desidjfor Li-Poly
batteries. It's also very important that they ddTN\get discharged below approx 3 volts. You caurthe battery voltage
with the programming interface, but there are ravjsions for automatically shutting down the uribald the voltage get
too low (future enhancement).

A fully charged battery should allow for updategisv2 seconds for a period of 8 hours without aischarging the battery.
If the unit is left powered on for an extended pdrof time, you WILL destroy the battery. You womérm the Beeline, but
you WILL need a new battery.

Undercharging, overcharging, or shorting the lithiupolymer cell can cause electrolyte leakage, gassxplosion and/or
fire. If the battery begins to ‘swell’ or ‘puffdiscontinue use immediately. Do not attempt rgé or continue to use.

3 Programming Software

The BeeLine GPS programming software is availabielbwnload herehttp://www.bigredbee.com/software.htm

4 First Power On

The transmitter frequency is pre-set to 433.920 MHa your call sign has been pre-programmed. Bkiedy may not be
fully charged, but should be good enough for priglary testing. Please fully charge the batterpbeéxtended use! (it
may take 10+ hours to fully charge an empty baftery

Attach the RF antenna if necessary, apply powet pdace the unit with a CLEAR VIEW of the sky s@ tlBPS receiver can
acquire a lock on the necessary satellites. It rakg up to 20 minutes for the GPS to initiallydoSubsequent lock times
will occur much quicker. Prior to lock, tigeeLine will transmit valid packets containing dam' location data. Once lock
is obtained, the current position will be transettt The device will continue to transmit the headid position received
should it lose lock.

5 Data Formats

]
> 1: K7RKT-1
[*A=00122

Above is the information that is displayed wheratidspacket is displayed on the main screen okiewood D7. The *
indicates a valid GPS lock, and the altitude is d#2ers above sea level.

]
» 1. K7RKT-1
[-A=00122

Here is the same packet, but this time, GPS loslkblean lost, and the location being sent is tisatvialid location. Note that
the **" has changed to a *-'.

R
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]

> 1. K7RKT-1
N 45°25.86’
W 122° 44.12’

Above is an example of the Kenwood TH-D7 screeméhg the latitude and longitude display of an APe8natted
packet. TEXT formatted packets can be decodedhmr a@evices including the PicPac from Byonics.

6 Low Voltage Shutdown

Lithium polymer batteries can be severely damagtteivoltage goes below 3.0¥he A/D converter data can be used to
shut down the processor and transmitter. Enalfiisgoption will prevent the battery from being tteged if the transmitter
is accidentally left on for extended periods. Wliilis possible to disable this feature, it is retommended. When the
battery voltage goes below the specified threshbkltransmitter and GPS are powered off, and thegssor enters a low
power sleep state. Even though it is powered deélenprocessor still draws a small amount of curren

It is important to unplug the battery when not el
7 Data Storage

About 1200 positions can be logged into the on-thmaemory. The following discussion assumes tbathyave data
logging enabled, and that the store interval issqmer second. This equates to 1200/60 = 20 mimditésta logging.

There are three ways to control data logging orBieline GPS
Data Wrap NOT enabled:

Positions are stored starting with the first memogation. When the end of memory is reached, ncerpositions are
stored.

If you turn on the BeeLlne GPS, and launch the ebblefore the memory fills up in 20 minutes, yoll i able to capture
the flight profile.

Data Wrap Enabled:

Memory is treated as a circular buffer. When the ef memory is reached, storing continues at #girining. If you turn
on the BeeLine GPS, and launch the rocket and ezdbwith in 20 minutes AND THEN TURN OFF THE BEBLE GPS,
you will be able to capture the flight profile.

Smart Data Logging:

Memory is treated as a circular buffer. When theé ef memory is reached, storing continues at #griming. When a
launch condition is detected, that memory addiessarked. When the end of memory is reached ngf@ontinues at the
beginning. Data is stored until the marked menaatgress is reached, at which point no more positioa stored in
memory.

In this configuration, the beginning of the flightstored, as are the 20 minutes following.

With smart logging enabled, the launch conditiodasected with either a software algorithm baseshupe reported GPS
altitude, or a hardware acceleration switch.
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8 BeelLine GPS Communicator:
This WINDOWS ONLY application is used to modify ttransmit characteristics stored in flash on thelBse GPS.

1) Remove all cables from the Beeline, and unplugotiteery
2) Plug the serial adapter into your PC’s serial port.

3) Start the windows application.

4) Apply power, and wait approximately 10 seconds

5) Connect the serial interface to the BeelLine GPS.

6) Click on “READ”

Note:
- It is recommended that you issue a read commeafatda write.
- The PC Serial port cable should be a simple ‘fesitsn” cable, not a null-modem cable that swaps.pin

F3 Beeline GPS Communicator,

COM pott - WModel 727 Drigital Telemetry Read
Frequency 43332 Whaz Yersion 777 I" Diga I DigC e

[ Digh | DigD
Output Power |0 dBm 9 g Bun

Battery 777
Pktlnterval |5 sens
Stare Intveral — |1pp 5808 Preamble 1 TimeSlot |0

1D String 551D ’1_ Symbol | ™ Enable Slotting

[~ Enable APRS Packet Fomat [~ Position Logging On | Enable Course/Speed
[~ wrap DataLog [~ Smart Logging [ Disable RF out

[Pt ™ Hw Accel

Lo ¥ [ Low Y shutdown enable

Mezeages ‘ Clear Flash
Time: 777 Read Flash
‘ersion 23N\ 443042007 [C) 2006 BigRedBes, LLC
< >

Figure 1. BeeLine GPS Communicator
Figure 1 shows the BeeLine GPS Communicator. Bathe fields is described below

e« Com port: Set the proper serial port. If you need a cam # that is not available in the drop-down mesimply
type the desired value into the text box.

» Frequency. This is the RF carrier frequency the packet bdlsent out on. Possible values are 420-450 Mhz

e Output Power: Set between -10 dBm and 12 dBm

» Packet Interval: Number of seconds between packet transmissions

» Store Interval: Number of seconds between writes to on-board memory

» Preamble: Number of IDLE bits sent before start of packetdat

» TimeSlot: Number of seconds to delay if slotting is enabled.

» D String: Your amateur radio callsign. Not more than &relsters in length

» SSID: The SSID in the APRS packet. The default is 1sjiibs values are 1 thru 15

e Symbol: The symbol character in the APRS packet. The defal'

» Enable APRS Packet format: When this option is checked, APRS position pack#éth& transmitted

» Position Logging On Position and altitude data will be logged intb@ard memory.

e Enable Slotting: Turn Time Slotting ON. See below

« Enable Course/Speed The coarse and speed are transmitted as ptmt ofata packet

» Disable RF Out Disables RF transmissions
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 Wrap Data Log: When set, data is overwritten starting at thgifti@ng after the end is reached.

e Smart Logging: See Below

« Path: Eachis 7 characters in length. If you're fashiliar with AX-25 digipeating protocols, it's bet leave
these values alone. Placing an ‘X’ in the firsarmetter of the first path will eliminate the p&tbm the transmitted
packet.

* Low V Shutdown Enable Set this option if you whish the microcontroltershut down the transmitter and GPS
when the voltage gets below the value you set ow'lvV”.

* Low V: See above

* Time: Time (in seconds) since power has been appliedtai@éanternal events may cause the timer to betres

 Read Data: Data memory is read from the BeeLine GPS anedtt disk in the working directory in a file calle
beegps.kml. If the file exists, an error is diggld. The .kml file is an ascii file with headersldooters designed
to be compatible with Google Earth.

e Erase Data Erases the on-board flash memory

9 Smart Data Logging

The Beeline GPS logs latitude, longitude and alétdata into an on-board serial eeprom. Ther¢hage options for storing
data Details of the Smart Data logging algorithtatesmachine) follow:

Power On When the BeeLine GPS is powered on, it enterbdise altitudestate.

Base Altitude: The BeeLine GPS begins looking for a base diititom the GPS engine. When it detects 32 cotisecu
valid GPS position reports, each with four or meaellites in view, the BASE ALTITUDE is recordeahd the state
transitions tdaunch detect While in this state, the altitude is precedethwi ‘**’ character.

Launch Detect The BeelLine GPS begins looking for a launchdition. When 3 consecutive GPS positions repesdsh
with four or more satellites in view, that is 10@ters above the Base Altitude, the state transitiofill memory While in
this state, the altitude is preceded with a “'releer.

Fill Memory : The BeeLine GPS records latitude, longitude dtigide data, wrapping when it reaches the end ehary,
and continues writing up until the 32 samples betbe sample where launch detect was stored. Wieemony is filled, the
state transitions thull: While in this state the altitude is precedechwtite ‘v’ character.

Full: No more samples are stored into memory. Whilthis state, the altitude is preceded with thectr@racter. Data
packets are transmitted continually.

The normal progress through the state machinebeilis follows:

* : Detecting base altitude
N :Waiting for launch

V : Launch detected

F : Memory full

If the hardware g-switch is present, the “*" st@ataiting for launch) will be absent.

Helpful Hint: Oncethe unit hastransition passed the Base Altitude state, take care to keep a GPS lock at all times. |f
lock islost, the altitude may become unreliable, and a launch detect condition may be detected. The unit will continueto
transmit coordinates normally, but may fill the record buffer before the actual launch has occurred.

9.1 Hardware Acceleration Switch

An optional hardware acceleration switch (G-switishvailable. Launch detect is signaled by thewg&eh instead of
attitude data from the GPS. To enable the hardgrawitch, check the appropriate box. Smart datanding must also be
enabled. A launch condition is triggered when®iswitch sees 2.1g’s for longer than 250 millisetsnlf the hardware G-
switch option is enabled, then the digital teleméit ‘C’ can not be enabled. See section below.
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10 Time Slotting

Time slotting allows multiple transmitters to shétie same frequency.
If Time Slotting is enabled, the transmitters wiinchronize their transmit times to the GPS clock.

If the first unit is set to transmit every ten seds, and its timeslot is set to 0, it will transkit0 10, 20, 30, 40, and 50
seconds past the top of the minute.

If a second unitis also set to transmit evergd€onds, but has its timeslot value set to 3, litti@insmit at 3, 13, 23, 33, 43,
and 53 seconds past the top of the minute.

11 Digital Telemetry

The BeeLine GPS supports up to 4 bits of digitinteetry. Each can be independently enableditdbiglemetry and
course/speed are not compatible; they can not dlelech at the same time.

] ]

» 1. K7RKT-1 > 1. K7RKT-1
A1B1C1/-A= [-A=00122
00122

Above is an example of the Kenwood TH-D7 screeih vdtemetry bits A, B, and C enabled. The GPStdatked, and the
altitude is 122 meters. All of the input bits grdled high. To the right is the display wittetfligital telemetry bits
disabled.

11.1 Digital Telemetry Inputs

By default, all digital inputs will be read as ajical “1” if no connection is made. Each bit idlpd up via an on-board pull-
up resistor. To signal a logical ‘0, the input shibe connected to Ground, or driven low by extdowic. A current
limiting resistor is recommended to protect theuingf the microcontroller when driven by exterragit.

R
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Figure 2: Digital Telemetry Inputs

Data Bit A and B: Data bit A is a dedicated input.is pulled high via an onboard 10K ohm pullgsistor. In the default
state, it will be read as a ‘1’. If this wire isrnected to ground, it will be read as a ‘'0’.

Data bit C is shared with the hardware G-switdtthé hardware G-switch is not installed (or noalgled via software), this
input will behave the same as data bits A and Be &-switch is a normally open switch that will cenct this digital input
to ground when closed. It is not possible to enabls the HW G-switch smart beaconing feature aatd 8it C at the same
time. However, since the G-switch is a normallyropwitch, it will not interfere with another switetuded in parallel.

Data bit D is shared with the battery voltage maniity circuitry. Changes to the board assembly MUB&E MADE AT
THE FACTORY in order to use this input as a genprapose digital input. Please inquire at ord@etio enable this
option. CONNECTING THIS PIN TO GROUND WILL RESULIN DAMAGE TO THE BOARD. ONLY USE DATA
BIT D as a telemetry bit if modifications have besade to the board.

12 AC Battery Charger

The battery charger has two alligator clips thagdh® be connected to the battery in order to eargTake two pieces of
solid core wire, and strip ¥4” off each end. Insevé end into the battery connector, and clip tlgador to the end of the
other. See section 10 for the battery connectuoyii

The charger has two buttons: a ‘test’ button afbharity’ button. The button that ‘clicks’ whgsushed is the polarity
button.

1) Connect the battery to the charger. DO NOT PLUGONITHE WALL.
2) Push the test button, the green light will glow.

3) If the light doesn’t come on, push the polaritytbat and repeat step 2.
4) Plug into the wall. The light will blink until thibattery is charged.
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13 BigRedBee USB Interface and Charger

The BigRedBee USB interface integrates the funationof two
separate devices; a USB data interface, and aested)llithium poly
battery charger.

The charger and programming interface functionsikhoot be used
at the same time. When programming the devicehaltery must be
used to provide power. Power is NOT provided kimWSB

interface. Do not attempt to charge the batted/randify the device parameters at the same time.

13.1 USB Data Interface
Drivers are located herédattp://www.ftdichip.com/FTDrivers.htm

Apply power to the transmitter, then plug the USBle into the USB interface board and connect to
your computer’'s USB port.. If this is the firste you have uskthis type of USB interface, Windows
will need to install the drivers for it.

Once Windows has recognized the device, plug thm Bonnector on the USB adapter into the Beeline
transmitter. Now you can use the BeeLine Commuoida modify the device parameters. Make sure
to select the proper COM port

13.1.1 Installing the device drivers

Found New Hardware Wizard

Welcome to the Found New
Hardware Wizard

This wizard helps you install software for:

FT232R USE UART

(=) 1f your hardware came with an installation CD
“ZE or floppy disk. insert it now.

What do you want the wizard to da?

@ instdll the software automatically [Recommendedt
(2 Install from a list o specific location (Advanced]

Click Next to continue.

If this is the first time you have attached the US&rface to your computer, the “Found New Hardwar
Wizard" will start up. For now select “install $afare automatically”.
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Found New Hardware Wizard
Please wait while the wizard searches... .

C@ FT232R USE UART

Cancel

Windows will then search for an install the drivessthe USB UART.

Found New Hardware Wizard

Completing the Found New
Hardware Wizard

The wizard has finished installing the software for,

% USE Serial Converter

Click Finigh to close the wizard

Then it will notify you that it is finished

Found New Hardware Wizard

Welcome to the Found New
Hardware Wizard

This wizard helps you install saftware for:

USE Serial Port

() If your hardware came with an installation CD

&2 or floppy disk. insert it now.

What do pou want the wizard to do?

@ {nstal the software automatically [Recommendedi

() Install fram a ist or specific lacation (Advanced)

Click Mext to continue.
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Next, it will run through the same set of instatlatsetps for the USB Serial port. Again, seldostall
the software automatically”

Found New Har dware Wizard

Completing the Found New
Hardware Wizard

The wizard has finished installing the software for:

(3 USE Serial Port

Click Finish to close the wizard.

And then click OK to complete the process.

13.1.2 Identifying the Com Port

The USB drivers will assign a virtual COM port tet JJFemLIopeLlies .

USB device. The particular COM port assigned can b GSPS"T’F‘BS‘”EE — Automatie dpdetes | fdm‘ed
. . - Enerdl ompUter Mame WANCE

determined by using the device manager: To dtart t - =

device manager: Device Manager

=& The Device Manager listz all the hardware de\rlces installed
on wour computer. Uze the Deviee Mapnags bange the

Start-> Control Panel-> System, then click on the N e
“Hardware” tab, then “Device Manger”.

Device Manager _l

Diriveers

Diriver Signing lets you make zure that installed drivers are
compatible with 'Windows, Windows Update lats you get up
howe \Windows connects to Windows pdate for drivers.

[ Diriver Signing ] [ Windows Update

Hardware Profiles

= Hardware profiles provide a way for you to zet up and store
@ different hardweare configurations.

[ Hardware Profiles ]

[ Ok ][ Cancel ‘
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.Ef-. Computer Management E]@

g!, File Action Miew ‘Window Help ;LE'_|J
«» @& 2 a8 Now expand the “ports” section to see the COM

l@ Computer Management (Local)
- @:& System Taols
¢ 3 {g] Event Yiewer

port assigned to the USB device, in this case, 7

o e

Biometric

- @ g Shared Folders +- g4 Bluetooth Radios
R Local Users and Groups ]- Computer
= @ Performance Lags and Alerts e Disk drives

; & Device Manager

= & St_Urage

i -j Display adapters
“ih DVDJCD-ROM drives
+ Removable Storage {8 Human Intetface Devices
; Disk Defragmenter 124 IDE ATAfATAPL contrallers
Disk Management - TIEEE 1394 Bus host controllers
M [3{3 Services and Applications [#-58 Imaging devices
[+]-423 Keyboards
[+~ Mice and other pointing devices
L Modems
- 8 Monitors
+-E8 Metwork adapters
[} 3 PCMCIA adapters
- % Ports [COM & LPT)
LI "j Communications Pork (COM1)
o Printer Fort (LPT1)
8 ,;\; Standard Serial over Blustooth link {COM1
- UsB Serial Port (COM4)
+ ﬁ Processors
+; Secure Digital hast controllers
£ \> S Driver
- @), Sound, video and game contrallers
£ System devices
[+ é Universal Serial Bus controllers

o EER R EE

=

13.2 Single Cell Lithium Poly Charger

Plug the USB cable into the USB interface board @mthect to your computer's USB port. The LED
will illuminate. Plug the battery into the threm gonnector. The LED will remain on while the teay
is charging, and turn off once it is fully chargedharge rate is 100 milliamps per hour.

The battery charger function is independent ofdéita interface. The battery WILL NOT CHARGE
unless it is connected directly to the 3-pin heaethe USB / charger interface.

14 Firmware upgrade

The firmware upgrade utility is a Windows Consgbplication. Open a command window (Start->Run->gradd make
sure that the flash utility (beeflash.exe) andappropriate .hex file are in the same directory.

The command line is:
C:> beeflash.exe <com port> <hexfile> [-v]

For example:

‘hwi ;

Copyright 2007, BigRedBee, LLC
www.BigRedBee.com



C:> beeflash.exe coml gspfsk.hex

1) Remove all power connectors and cables

2) Connect the serial interface to the PC

3) Plug the serial interface into the BeelLine GPS
4) Invoke the flash upgrade utility

5) Follow the on-screen directions.

Here is a screen capture of a firmware upgraderpssgng normally:

o CIAWINNTsystem 32vemd. exe
BeeLine GPS Flash Update Program. Uersion 18

== ===========
Warning: You are about to update the firmware on your BeeLine GPS?
——» Make sure the BeeLine GPS is powered OFF.
——> Connect the serial cable to the BeeLine GPS.
——> Enter 'B’ to continue
BeeFlash> B
——> Good,. now apply power to the Beeline

GPS power detected, continuing

——>» How, enter "F’ to update the image.

> Uriting
HUriting
HUriting
HUriting
HUriting
HUriting
HUriting
Writi

Writin

Figure 3. BeeFlash firmware upgrade

The verify option will perform a verify ONLY opeiian. No firmware modification will occur.

For example:
C:> beeflash.exe coml gspfsk.hex —ver

15 GPS Firmware upgrade

It may be necessary to upgrade or modify the firneveettings of the GPS module itself. Please see
http://www.bigredbee.com/docs/BLGPS/configuratqr foir instructions on performing this update.

16 Connectors

16.1 Battery Connection

(looking down from above) 123

Pin 1: Battery - 000
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Pin 2: Battery +
Pin 3: N/C

16.2 ICSP / Serial Connector

(looking down from above)

Pin 1: TTL level transmit data out (ICSP_DCLK)
Pin 2: TTL level receive datain (ICSP_DATA)
Pin 3: Ground

Pin 4: 3.3V (output of voltage regulator)

Pin 5: MCLR

OO OO0 O
S v €T

16.3 Digital Telemetry Connector

Pin1: DIG_C (Yellow)
Pin 2: GND (Black)
Pin3: DIG_D (Green)
Pin 4:

Pin5: DIG_B  (Orange)
Pin 6: DIG_A (Red)

OO0 00O
o wWNERE

17 GPS Module Limitations

The GPS Receiver firmware contains an algorithrhahaws either the speed limit (515 m/s) or atiedimit (18,000 m) to
be exceeded, but not both. This allows the receo/be used, for example, in high altitude (resedaloon) applications.

Power consumption of the GPS module (excludingraragis 27mA at 3.3 V (89 mw).

18 FAQ

How do | decode these packets?

In addition to a suitable radio receiver, you widled an APRS packet decoder. You can use your @G8aamdcard with
standard APRS software, or a dedicated decodetH&®icPac (http://www.byonics.com/picpac) fromoBics. Kenwood
makes the TH-D7 with an integrated packet decoder.

| already have a BeeLine Transmitter, can | upgrad@
No, they are completely different boards. But,db&al adapter and battery charger (and Yagi aadezme compatible.

What's the range?
It has been tested to more thH&hmiles(line of site). Range on the ground is much lassl, very dependant upon terrain.

How big it it?
The board measures 2 7/8" x 1 1/4", the anten6&2E' long. It fits inside a 38mm body tube.

How long does the battery last?

The integrated Lithium-Poly battery will power bdtte GPS AND the transmitter for at least 8 how#h some creative
power management (like turning the GPS off afterrtbcket has landed) the transmitter should beldad transmitting for

R
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at least a week. (TBD)

Does it store any data from the flight?
Yes, with the optional memory upgrade, the GPS batdrom the flight is recorded for download touydC at a later date!

My Kenwood has an integrated TNC, can | use that?
ABSOLUTELY!

| see ??eallsign display on my Kenwood, what does that mean?
The Kenwood TH-D7 will display ?@allsign (ie, ?? K7RKT-1) when it receives valid packett tt@ntains random data in
lat/lon fields. As soon as the GPS locks, valithdaill be displayed

| see dpeallsign display on my Kenwood, what does that mean?
The Kenwood TH-D7 will displagp-callsign(ie, dp K7RKT-1) when it decodes a duplicate packe

| see ‘my location’ displayed on the Kenwood TH-D7what does that mean?
The Kenwood will display ‘my location’ of the caili; and ssid are the same as that of the Beeldihe: solution is simply
to change the callsign/ssid of one or the other.

Which other TNC's work?

We have tested the following TNC's:

Hardware: Byonics PicPac, AEA PK-88, PacComm TNO;2Znwood TH-D7
Software: AGWPE (WinAprs), MIXW
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19 Packet Format
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to to
from from
relayl relayl
relay2 relay2
Ctrl Ctrl
Protocol Protocol
Packet Type | Packet Type
latitude latitude
seperator
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altitude altitude

Figure 4. APRS Data Packet Format
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20 Board Layout

RF Output

Serial / Programming connector pin 1
2

3
4
5

GPS Module

Power Connector

Figure 5. Board Diagram
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