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Handling:

Remove the board set from the anti-static bag by touching the DB-9 RS-232 SHELL first.  This shell is tied to the ground of the circuitry and will equalize your potential to that of the board (hopefully without any damage).  ESD (Electro-Static Discharge) is a potential source of damage to this unit (pun intended) that you must be aware of and try to prevent.  You can just barely feel an ESD hit at about the 5000V level - this unit can be damaged at the 2000V level so you won't even feel it being damaged - SO BE CAREFUL!!!!

Overview:

This GPS engine board set was designed with the amateur radio hobbyist in mind – I’ve created the interface board set in such a fashion that it can easily be modified to suite your needs (as best as I can guess them, that is!).  My intent was to provide the APRS segment of the Ham Radio community a workable solution to the GPS engine problem.  The unit I've chosen to support this venue is a Motorola Oncore GT+ 8 channel GPS engine with the latest publicly released firmware (Version 2.2). The GT+ GPS engine is geared towards mobile applications and best suits the APRS application.  The Oncore GT+ can provide both the Motorola Binary format data as well as the NEMA-183 format data - the latter being what the APRS systems use for their operation (as well as the popular Mapping programs).  If you install the backup battery, all operating mode parameters that are set for the operation of the GPS engine are remembered automatically every time you power the unit up.  This removes the requirement of needing a PC attached to the serial port to bring the unit into operation quickly.  

Quick Start Guide (to start up the unit WITHOUT A BACKUP BATTERY installed):

First, install the WinOncore12 software package located on the CDROM in the \Software\Motorola WinOncore12\ directory.  Copy the Almanac.alm file to the WinOncore12.exe installed working directory as well.  Be advised that the winoncore_12_1_2.exe program file is a self-extracting ZIP file that when run creates the files that allow you to install the program.  Just double click the SETUP.EXE file in this distribution set and follow the directions to install the software.

Be sure NOT to leave the 6 meters of antenna wire coiled up around the antenna as this will shield the antenna from receiving any signals (and make you think the antenna is defective – yes, it scared me too!).  Also be sure to face the Motorola Logo on the antenna straight up towards the sky (i.e. antenna is lying flat on a level surface) and position it to see as much of the sky unobstructed as possible.  When the antenna is plugged in, then apply the +8 to +12V DC to the coaxial power connector (center is positive, shell is ground).
THEN......

Method 1:  Let the GPS engine figure it out itself!

Just hook everything up, turn it on and sit back and do nothing.  This is the easiest way BUT takes up to 15-30 minutes (the entire KEPS data / almanac has to be extracted from the data stream from the satellites).

Method 2: Jump start the engine with known data

This method will get you sync'd up in a few minutes.  Do this by running the WinOncore12 software.  It should wake up in Motorola Binary mode (check this under the options pull-down menu).  Select your comm port settings as well (wants to be 9600 baud on your selected comm port).  Check for a good connection to the GPS unit by depressing the "ID=" small radio button.  You should see text about software / hardware revs show up in the window after a second or so (you should see the yellow LED light up when you depress the "ID" button, then the Red LED should light up with the response).  IF you don't, figure out the problem before going ahead in this procedure.  When you are successful, close this window.  Now, depress the "Setup Receiver" small radio button (2 to the left of the “ID=´ small radio button) and enter the requested info.  The initial Lat / Long /Alt does not have to be very accurate (+/- 300 miles as its just looking for what satellites it expects to see).  Your time will be loaded from your PC’s clock and the UTC offset you set (EDT is -4, EST is -5 etc.).  Now load the almanac using the "Load Almanac" small radio button.  A recent copy has been included on the software distribution CD with filename "Almanac.alm".   You should now see a lock within a few minutes.  To see what is going on, depress the large radio buttons labeled "Signal", "Navigation" and "Satellites" to view in real time what's going on.  If you are having problems make sure the antenna has a clear view of the sky - I've had mixed results (mostly good) of sync'n up thru a window in the upstairs of my house.  Your mileage may vary...especially if you have leaded glass windows or metal screens on the windows.  If you install a backup battery you will NOT have to do this every time you turn on the unit (hint, hint).

Seeing currently Locked Satellites in the Azimuth & Elevation Window:

You can see which satellites are being used for the current position lock (satellites are highlighted in orange on the Satellites display window) with the following command by pressing the "MSG" large radio button and typing (assuming you are in Motorola Binary mode):  @@Ea01c    This command will generate a 1 second update for this status info. This string is initialized when you finish the “Setup Receiver” sequence and you shouldn’t have to initialize it again, but if you need to, follow the above directions. Be sure to also depress the "Start Satellite Visibility Message" small radio button (the end button of the row of small radio buttons – this sets up the @@Bb01c one second update). If you press the "CMD MON" large radio button you should see the raw data coming back from the receiver with strings that start with @@Ea and @@Bb.  To shut this off, type @@Ea00c in the MSG window and unclick the "Start Satellite Visibility Message" button.

Saving the current Almanac from the Receiver:

The almanac that is used by the GPS receiver to track the satellites is continuously updated in the data stream coming down from the satellites. You can save the current almanac for later use by typing the following commands in the message window (obtained by depressing the large "MSG" radio button) of the WinOncore12 program (in Motorola Binary Mode only):

record alm

@@Be00c

record alm c

This will create a file (in the running directory of the WinOncore12 program) with the name of YYMMDD01.alm where YYMMDD is today’s date.  This file can be directly loaded into the receiver via the "load almanac" button on the WinOncore12 small button toolbar.  Almanacs are usually 'good enough' for about 2 years to obtain a first lock.  They update themselves continuously once locked so you need not fret about "getting the latest one" because you already have it.  Using a backup battery keeps this almanac in RAM of the GPS engine when power is shut off - hence why I recommend installing the backup battery.

Blinky Lights:

The status LEDs on the interface board function as follows:

Green – Power On Indicator, always on when power is applied

Yellow – RS-232 Receive Data, lights up when the GPS engine receives data from the host computer

RED – RS-232 Transmit Data, lights up when the GPS engine sends data to the host computer

Blue – 1PPS, 1 Pulse Per Second signal from the GPS engine, synchronized to the UTC time.

RS-232 Connector:

The RS-232 port is driven by a Maxim MAX232N level shifter interface chip and connects directly to the I/O pins of the DB9 connector.  It is intended to connect directly to the DB9 connector of a standard PC serial port using a STRAIGHT THRU CABLE.  Pin 2 is the RS-232 output from the interface board; pin 3 is the RS-232 input to the board; pin 5 in the ground return for both signals.  The handshake lines are tied off so as to not confuse some of the older PC serial ports that refuse to work if the handshake lines are de-asserted.  The tie-offs are as follows: Pins 1-4-6 (DCD-DTR-DSR) shorted together and pins 7-8 (RTS-CTS) shorted together.  If you want to connect a cable to the interface board instead of using the on-board DB9 connector, just solder the wires into the pads labeled “2”, “3” and “5” and connect them to these pin numbers at the connector on the end of the cable.  If you want to incorporate the handshake signal tie-off, short pins 1-4-6 and 7-8 to mimic what I did on the interface board.

Pin 9 of the DB9 is RI (ring indicator) by the RS-232 spec, but is usually unused by the PC serial port.  I’ve brought this pin 9 out to a pad (labeled “9” by DB9 connector) so you can tie it to one of several places:

A) RTCM RS-232 input for DGPS (labeled RTCM by pin 8 of the MAX232 chip).  This is the serial input (at RS-232 levels) for implementing differential GPS if you have to setup to support this.

B) 1PPS RS-232 output (labeled 1PPS by pin 7 of the MAX232 chip).  This is the one pulse per second (1pps) output from the Oncore GT+ GPS engine that is sync’d to the UTC time.  It is level shifted to RS-232 levels by the MAX232 chip as well.  It is intended for driving a cable with the 1PPS signal.  If you want to use this signal to within the +/- 500 nsec accuracy of the GPS engine, you will need to use another (faster) driver as the slew-rate limits of the RS-232 spec will degrade the received timing accuracy of this signal from the GPS engine.

C) Power (+12V in) by tying it to the + side of the protection diode D1 located just to the right of the DB9 connector (or the pad labeled “PWR” by pin 1 of the DB9 connector on the 2nd generation boards).  This will allow the board set to be powered thru the DB9 cable (ground connection is on pin 5 of the DB9).

Backup Battery:

In order to hold the KEPS satellite data, the current time / time zone and the last known lock position, the Oncore GT+ has a provision for a backup battery input.  At 3.0 Volts this input draws approximately 8-15 uA of current to maintain the clock and RAM data in the GPS module (all the units I built pulled between 8 and 10 uA at 67°F).  If you use the 1AH lithium battery that I list below (and laid the board out for), this will give you over 7 years of continuous battery backup @ 15uA. This recommended battery is listed later in this document and can be purchased from Digi-Key.  You can also substitute any backup battery you may want to use as long as it fits your needs.  A socket for the DL2450 24mm button battery (or its equivalent) will also fit on the PCB footprint for the backup battery.  Any voltage between 2.5V and 5.25V will work to maintain the RAM/Clock in the GPS unit but the higher the backup voltage, the higher the backup current draw.  I would recommend using a 3.0V backup battery.  A ½ AA Tadiran 3.6V lithium cell also fits (although rather tightly) on the PCB footprint, but you can expect the backup current to increase to approximately 20-25 uA.  Using 2 AA or AAA alkaline batteries will work as well but you will have to hold them in an external battery holder.  I highly recommend that you use some form of backup battery as this will allow the unit to remember its configuration and start up / lock in much more quickly (warm start vs. cold start).

Alternate Power Supply:

If you want a more efficient power supply, I would recommend replacing the LM7805 linear regulator with a TI PT6101 or PT6302 switching power supply module.  At 12V operation this will drop the operating current from approx. 200 mA down to about 100 mA.  Makes a big difference if you’re operating on battery power! Refer to the schematic for what parts need to change / move and follow the below instructions.

Conversion to the Switching Power Supply:

To convert the unit you purchased (if it has the linear 7805 regulator on it) to the switching supply, remove the following components:  heat sink (with 4x40 mounting hardware), U4 (7805), C3 (0.1uf by C4 – you may want to just clip it off and replace it with another one – these usually don’t unsolder very well) and C4 (470uf).  Now install the switching regulator, re-install C4 into the C14 position (watch polarity) and install C12 and C13 (both by the new switching regulator).  I’ve included dual footprints for the bypass caps to accommodate both the 0.1” and 0.2” spacing – just don’t put a 0.1” part on the wrong half of the footprint – you will short out the cap and it will do you no good in the circuit!  Any ceramic bypass cap between 0.1uF and 1.0 uF will work here.

Note that in the schematic parts labeled with a suffix A or B are the same part in the same part location – just referenced differently for the two different options for power supplies.  The only difference between the two schematics is the addition of the “PWR” pad to allow the user to have pin 9 of the DB-9 provide power to the board.  The earlier rev boards simply tie the pin 9 pad to the + side of the protection diode to achieve the same result.

I purchased these parts from Digi-Key (phone: 1-800-344-4539) or www.digikey.com  (Be aware that Digi-key charges a $5 fee for orders less than $25, so you may want to order a case or other hardware to get yourself up over $25).

Digikey Part #
Description





Cost
POWER CONNECTOR: 

SC1051-ND

2.5mm coaxial power connector


$2.92  

better alternative is
CP-2184-ND

2.5mm power conn on 6’ #24 wire cable
$0.99

or 

CP-2188-ND

2.5mm rt angl conn on 6’ #24 wire cable
$0.99

BACKUP BATTERY:

Solder Tab Mount:

P126-ND

3.0V, 1000mAH Lithium cell (lasts 7+ yrs)
$4.18

P198-ND

3.0V, 255mAH Lithium cell (lasts 2+ yrs)
$2.00

Battery Holder for DL2450 Button Cell 600mAH (lasts 4+ years -see file

Backup Battery Holder.pdf)

150K-ND

Button Cell Battery Holder


$1.12

SWITCHING POWER SUPPLY

PT6101A-ND

5V, 1Amp Switching Supply


$12.58

or, if out of stock, you can use

PT6302A-ND

5V, 3Amp Switching Supply


$17.85

Power Specifications:

(Power input is reverse polarity protected with a 1N4000 1 Amp type diode)

Voltage Input Range:

with Linear Regulator:       8-12VDC (heat from U4 is the limitation - if you improve the heatsink Vin = 8-25VDC)

with Switching Regulator:    9-25VDC (if you change C2 to a 50V part, Vin = 9-38VDC)

Input Current @ 12VDC:

with Linear Regulator:      200mA typical, 250mA max

with Switching Regulator:   100mA typical, 125mA max (current decreases with increasing input voltage - true power conversion!)

NOTES ON INCLUDED SOFTWARE:

I've tried to jump start your usage of the GPS engine by downloading some of the popular APRS and other related software off of the web for your convenience.  Here's a quick summary of what is there:

/Software/Motorola WinOncore12/ - Motorola application for running / controlling their Oncore VP / GT+ / UT+ series of GPS engines.  Site Survey subdirectory is additional software for improved site survey calculations.  Just follow web page info (at the bottom of the page under "Advance Technique for Site Survey") on how to accomplish this.  INSTALL THIS APP FIRST!!! As a quick note, I have successfully installed the Motorola WinOncore12 application program on both the WIN98SE and WIN2K OS platforms without any problems.  The web link to this app is:  http://www.motorola.com/ies/GPS/products_evaluation.html

/Data Sheets and Info/ - contains the data sheets and technical information on the GPS engine, optional power supplies, etc.

/Oncore Users Manual/ - The Motorola Oncore Users Manual for the GT+ / UT+ GPS Engines in PDF format.  Also included is the older Oncore VP command set for reference material to the interested user.

/Pictures/ - contains JPEG pictures of the different versions on the interface board  (one with the linear power supply, one with the switcher) along with the different backup battery options I tried to accommodate.
/Schematic/ - contains the schematics of the two versions of the interface board. The only difference is that board Ver 1.01 has a "PWR" pad to allow you to tie the DB-9 pin 9 to external power thru the interface cable.  In Ver 1.00 you just solder to the + side of the protection diode.

/Software/Acrobat Reader V6/ - distribution of the Adobe Acrobat Reader for viewing the PDF files

/Software/APRS Software/ - includes 3 of the popular amateur radio APRS software packages downloaded from the web.  Follow their instructions for installation and usage.  These require the use of a Ham Radio (and license) to operate them.

/Software/Extra GPS Apps of Interest/GPSDiag/ - web page and zip file of Diagnostic program for NEMA-183 mode only

/Software/Extra GPS Apps of Interest/VisualGPS/ - NEMA-183 mode only app that looks a LOT like the WinOncore app from Motorola.

/Software/Extra GPS Apps of Interest/WinPlotGPS/ - Web page and distribution file for nice app to plot/track NEMA-183 data from the GPS Engine

/Software/IrfanView Picture Viewer/ - a VERY NICE freeware picture viewer - its amazing what this app can do!

Firmware Upgrades to the GT+:

You can have the firmware on your GT+ changed to a UT+ (this would give you a fixed position GPS timing reference that has an uncertainty of +/- 50 nSec on the 1PPS output instead of the +/- 500 nSec that the mobile GT+ has).  The UT+, however, does NOT support the NEMA-183 mode of operation.  If you plan to use this for APRS, the UT+ is not an option you want to pursue. Also be advised that the charge from Motorola is $35 to reflash the unit - but they have a $50 minimum order.

To quote the Applications Engineer from Motorola:

"The only way to get the receivers upgraded is to send them in to us (sorry). Motorola has not released the reprogramming software for general use (you can imagine the possible configuration nightmare this would result in.)  Yes, the v2.2 firmware is the latest and greatest GT+ firmware released for public use. To arrange for the return of your units, simply contact Barbara at our main number (858) 566-0666 and she will issue an RMA. Visa or MasterCard will work fine for the return."

I have done this for several units and did indeed end up with an Oncore UT+ GPS engine, but it is a bit pricey and you should find someone else to go in with you to meet the $50 min order.  Considering the availability of the UT+ (or significant lack of) this may be the only way for you to get an Oncore UT+ GPS engine.

Warranty:

I have 100% tested all units that I have sold and will guarantee that the unit is working and operational when you receive it.  Beyond that, however, since the units are ESD sensitive (and are unprotected) and I cannot control what YOU do with the unit and how you handle it, you are on your own.  BE CAREFUL!  ESD will do serious damage to this unit!  The insidious thing about ESD zaps is that they usually don't destroy the unit but just maim them and make them flakey (which can drive you nuts!).  Please take the necessary precautions in handling - pick the unit up by the shell of the DB-9 connector - it is tied to the ground of the PCB assembly and should help prevent ESD damage to the unit.  Remember that it’s the difference in voltage between you and the board that causes the damage.
