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The GPS Smart Coupler User Manual
Smart Coupler Description

What isit?

The Smart Coupler is a devicethat all ows you to conned your hand—held global positioning
system (GPS) recaver to your autopil ot. The only requirements are that the GPS receaver has an
output that the Smart Coupler can demde and that the autopil ot has a VOR tradking input. The
Coupler can deade any output that transmits crosstrack error and that compli es with the National
Marine Eledronics Asociation (NMEA) 183 standard. It can also deade the Argus output of the
Magellan 5000A and the NMEA 183 autput of many Loran C receavers. Virtualy al new GPS
recevers med the NMEA 183standard. SeeAppendix A for alist of recevers.

Install ation can be & Smple & attaching two wires to your GPS recever, two wires to your
autopil ot course input and two wires to your fused autopil ot power source Y our may also choose
to install two panel mounted ogtions. Thefirst isan indicator that shows when the Smart Coupler
is endingasignal to the autopil ot. The second is a aurse width seledion switch.

Onceingtall ed, your autopil ot will tradk your GPS as well or better than it will trad your VOR.
Remember that GPS course width is constant no matter how close you are to the waypoint.
Pradicdly, this means that you can tradk diredly over a waypoint and your wings will never
wigdle aninch! Also many GPS recevers cdculate and foll ow anicdy radiused path when
changing heading at awaypoint. Again, pradicdly this means that you can tradk inbound on one
heading, change headings to the outbound tradk and the arcraft will be well behaved throughout
the heading change. Some autopil ots will do this better than others, it depends on the rate of
change of heading and the magnitude of heading change & the waypoint.

What doesit do?

The Smart Coupler listens to the serial output of a GPS or other recever, extrads the left-right
course information and makes an analog signal that is suitable for a CDI or autopil ot input. The
coupler can deade any GPS seria output that mees the NMEA 183 standard. Seethe
spedficaion sedion for the exad NMEA sentences deaded. The Coupler can also deade the
Argus output of the Magellan 5000A.

The Smart Coupler can produce a ourse width of 1.25, 2.5, 5 or 10 NM. This correspondsto 0.25,
.5, 1and 2NM per dat on anormal course indicator. GPS course width does not depend on
distance from awaypoint. The course width can be fixed on install ation or can be wired to an
external course width seledion switch so the pil ot can change the seledion. Normally, course
width isfixed at 1.25 NM (fadory default). Autopil ot course width isindependant of the curse
width seleded for the recavers's built-in course deviation indicator (CDI).

Any time the Smart Coupler recaves valid course information from the GPS recaver it setsthe
autopil ot output accordingly and turns on the valid course status indicator. If the Smart Coupler
does not recave anew course value from the recever for approximately 35 seconds, it sets the
autopil ot output to Ovolts and turns off the valid course status indicaor.

When the wupler isturned off or if the cupler isnot receving valid left—right course information,
the autopil ot output is at 0 volts with resped to the reference. When the aupler isreceving course
information from the GPS recever, it drives the autopil ot output in the range of +150mv. The
output is 0 volts when on course. It is plus or minus 150mV when off course for the full course
width and propartional in between. A minus output indicates right of course (turn left to get badk
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to course). Some avionics manufadurers refer to these signals as +Right Defledion and +L eft
Defledion. Seethe pinout table 1 below.

The status sgnal is generated with a switch to ground cgpable of sinking 100mA.. It can operate an
indicaor lamp or asmall relay.

The serial input is designed to mea NMEA 183 and isopticdly isolated from the rest of the
circuits and from aircraft ground.

Guarantee

Return the Coupler within 90 days for afull refund if you are not completely satisfied. It the
Coupler does not work with your Magellan 50007 or your NMEA-183-compliant GPS or Loran
recever, either return the Coupler for arefund or let us borrow your recever and we will make it
work with the coupler. In order for the Coupler to work properly, the NMEA recever must
transmit crosstradk error using any of the sentences listed under NMEA 183 Compliancein the
Foecifications sedion of the manual.

Smart Coupler Installation

M echanical installation

Install the Smart Coupler seaurely in the arcraft whereit is proteced from extreme hea or cold. A
pasition nea the instrument panel and radio stadk is appropriate. Avoid pladng the Coupler closer
than 24 inches from a transmitti ng antenna.

Electrical connections

Refer to Figure 1 and Table | below for the Smart Coupler connedor pinout and signal names. The
coupler must be proteded with a 1 amp fuse or circuit bre&er. Wire the fuse or bregker to pins 2
and 10 Wire pins 1 and 9to aircraft ground. The coupler can be left powered all the time or can be
fed from a switched source such as the autopil ot on—off switch or avionics master. Current draw is
negligible, lessthan 50 mA.

Connection to GPS

Consult your GPS manual for the pinout and signal names of the serial output. Use two conductor
shielded wire similar to Beldon 9501 (one pair of 24 AWG stranded wire twisted in an overall
shield) to make the connedion to the Smart Coupler. The seria signals sould be identified as
signal “A”, signal “B” and shield. The shield isnormally conneded only at the GPS (the serial
transmitter). Signal “A” is conneded to the mupler pin 11 and signal “B” isconneded to pin 12.

If your GPS only has one serial signal line, conned it to pin 11 and conned pin 12 to signa
ground at the GPS. It is dill i mportant to use two conductor shielded wire with the shield
conneded only at the GPS.

Connection to autopilot

Consult the autopil ot manual for appropriate cnnedions. Use the same type of two conductor
shielded wire asin the serial connedions above. Conned the shield to aircraft ground at the Smart
Coupler end only. Smart Coupler pin 3 hasthe adive signal and pin 4 has the referencesignal. The
referenceis nominally 175mV above arcraft ground. The adive signal moves £150mv with
resped to the reference Pin 4 is smetimes cdled +Right Defledion while pin 3 is smetimes
cdled +Left Defledion.
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Panel
Fused +14 Power
Common
Valid indicator
GPS annunciator
GPS Coupler These connections are made (Optional)
common 1 B internally Autobilot
+14V Power 2 o P
To autopilot+ 3 + Left
To autopilot- 4 7 + Right
NC 5 /
CWsell 6
CWselz 7 GPS Receiver
Checksum disable 8
Common 9 Common
+14V Power 10 +14 Power in
Serialin+A 11 Serial out + A
Serialin-B 12 Serial out - B
NC 13 I Annunciator output
NC 14 Note: if receiver has no "Serial out - B",

[y
ol

Valid status out connect to Common

GPS Coupler wiring diagram
Figuel

Connection of indicator lamp

An indicator lamp should be placeal on the panel to show that the Smart Coupler isreceving valid
data from the GPS. Pin 15isinternally switched to ground when the coupler has receved avalid
signal from the GPS within the last 35 seconds. Wire an indicator so that positive sideis conneded
to the drcraft power bus or to the drcraft panel dimmer bus. The negative side of the indicaor is
conneded to pin 15 d the aupler connedor. The Coupler can sink up to 100ma.

We strongly recommend that thisindicaor be installed in the drcraft. It servesasa thed that the
GPS recaver and the Smart Coupler are mnneded, turned on and working. At the very least it
will serve asareminder to turn on the GPS recéver’s srial output.

Optional GPS Receiver annunciator

Some GPS recevers (notably the Garmin) have provisions for an external annurciator. If you want
to use thisfedure, use pin 14 d the GPS coupler as a ommon terminal. Conned the aanurciator
wire from the recever and the lamp wire from your panel indicaor to pin 14. Pin 14 has no
internal connedion to the GPS coupler. Seeyour recever manual for detail s of wiringthe external
annurciator.
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description

Aircraft ground

Aircraft power (+14V)

Autopil ot Out+ (+Left Defledion)

Autopil ot Out— (+Right Defledion)

No connedion

Course width seled input 1 ( seetable 2 below)
Course width seled input 2 ( seetable 2 below)
NMEA chedsum disable

Aircraft ground

Aircraft power (+14V)

Serial In+ (NMEA designation “A”)

Serial In— (NMEA designation “B”)

No connedion

No connedion — ogtionally used for GPS recaver
annurtiator connedion point

Valid signal status output

Table 1

Smart Coupler Connedor pinout
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Selection of coursewidth

Normally, the course width seledion pins can be left unconneded. This sts the course width at
1.25 nauticd miles.

Optionally, course width can be ajusted by seledively conneding pins 6 and 7to ground. See
Table 2 below. If bath pins are left open, course width is %t to one and a quarter nauticd miles.
Thismeans that if the GPS signals the wupler that the arcraft isone and a quarter milesright or
left of course, the coupler will output —150mV or +150mV respedively. If both pins are
grounded, the wupler will output 150mV for ten miles off course. Course width can be set to
1.25, 2.5, 5 or 10 nauticad miles. The maximum voltage from the Smart Coupler is150mV. If the
aircraft is more than the seleded course width off course, the Smart Coupler will send full scde —
either plus or minus 150mV.

Course width can aso be set internally by pladng jumpers on header P1.

pin 6 pin 7 Course Width
open open 1.25 nauticd miles
grounded open 2.5 nauticd miles
open grounded 5 nauticd miles
grounded grounded 10 nauticd miles
Table2
Course Width Seledion

Course width affeds g/stem gain when the aitopil ot isin course mode. A course width of 1.25 has
four times the gain of a @urse width of 10. Normally you choase the narrowest course width that
the autopil ot will follow and still be stable. If your autopil ot is nice and stable in the heading mode
but overshoots the murse or continuously banks left and right whil e trying to foll ow a murse, it
usually means the gain istoo high. Try increasing the curse width.
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Disabling NMEA Checksum

Some GPS receavers do not append the optional ched<sum to the end of the NMEA information
sentence SeeAppendix 1 for atable of recavers and their neads. If the dhedksum algorithm
needsto be disabled in the Smart Coupler, conned pin 8 to ground.

I nstallation check

After the install ation is completed, you can quickly chedk if the Coupler isrecaving and deaoding
information from the GPS recaver.

1. Turnonthe GPSrecaver and put in a course from the present paosition to a neaby waypoint.
2. Enablethe seria output to the Coupler.

3. Apply power to the Coupler.
4

The Coupler annurtiator should light. There should be 0+2 miilli volts diff erence between the
wires conneded to the aitopilot. If you have awing leveler type of autopilot and if you
enable the autopil ot in course mode, you should be &le to center the dlerons with the trim
knob.

5. Now enter a course such that your present positionis at least 1.25NM (or whatever you have
seleded as course width) off course.

6. The Coupler annurciator should still be on. Now there should be 1505 mV difference
between the wires going to the autopilot. The dlerons sould be & full defledion.

7. Turn off the GPS recaver but leare the power applied to the Coupler.
8. After approximately 35 seconds, the Coupler annurciator should go off.
9. Thiscompletesthe install ation chedk.

Smart Coupler Use

Normal procedure

* Puta ourseinto the GPSrecaver.

» Enablethe NMEA 183 a Argus output from the recever. Ensure the recever isnot in battery
saver mode.

«  Fly your aircraft to placeit on course and on the mrred healing. Use the CDI in the GPS
recever to help dothis.

* Notethat the Smart Coupler annurciator islighted. This indicates that the Coupler isreceving
and decoding course information.

e Enable your autopil ot.

* Relax!

Note that the sensitivity of the CDI built into the GPS recever is sparate from the course width
that the Smart Coupler sendsto the autopilot. Many GPS receévers al ow you to set the sensiti vity
of the built in CDI. The autopil ot output course width remains at whatever is sleded on pins 6 and
7 independent of the CDI sensiti vity.
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Smart Coupler Specifications

Power
* Voltage: 7-16 VDC, Current: 50 mA

Enclosure

e 438x238x1 14inches.
e Choiceof cast duminum box at 6 ounces or ABS plastic box at 4 ounces.

Autopilot output

» Differential analog signal, not referred to ground

e +150mv full scde (seledable1.252.55 a 10 NM off course).

»  Positive meansturn right to return to course.

* Thetransmitted output is crosstradk error. Thisis an analog signal representing the shortest
distancefrom the aurrent pasiti on to the seleced ground tradk.

e Thereisasimpleone padefilter on the autopil ot output with atime nstant of approximately
two seaonds. No ather filtering or integration is done in the Smart Coupler. Seria information
istranglated to analog information and immediately transmitted.

Serial input

» Truedifferential signal that isopticdly isolated from recaver circuit

» Designed to med NMEA 183 standard

e Drawsamaximum of 2 mA from transmitter for voltages from 0 to 15volts

*  Draws amaximum of 1 mA/volt from the transmitter for voltages from 0 to —15volts..

e Logicd true +2 voltsor greder

e Theinput will withstand a maximum of £15 volts from line to line and a maximum of +600
volts from line to ground without damage.

e 4800 laud., 8 hits, no parity, 1 or 2 stop hits.

Status output

e Open colledor transistor
e 100mA maximum current, 60V maximum voltage, 1 Watt maximum power

Coursewidth selection

»  Conned to ground for TRUE.
* Leaeunconneded for FALSE

NMEA 183 Compliance

The Smart Coupler complies with NMEA 183version 2, January 1, 1992
Thisdeviceisclasdfied asaLISTENER

Pin11listhe A signd line, pin 12isthe B signd line.

The serial line load requirement is 2 mA maximum for positive voltages.

Demded NMEA sentences are GPXTE, GPAPA, GPAPB, GPRMB, LCXTE, LCAPA, LCAPB
and LCRMB. The sentences that are prefixed with GP are sent by GPS recevers whil e the ones
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prefixed with LC are sent by Loran C recavers. The Smart Coupler extrads crosstradk error from
ead of the deaded sentences. For xxXTE, xxAPA and xxAPB the mupler requires that the first
fivefields are present. These ae Status, Status, Magnitude, Diredion and Units. For xxRMB the
coupler requires only the first threefields be present: Status, Magnitude and Diredion. The
chedksum nust be present and match for all the sentences unlessdisabled viapin 8. The chedksum
isaways required for xxRMB regardlessof the state of pin 8.

The connedor type on the Smart Coupler box isamale DB15 (seethe install ation sedion of this
manual). A female mnnedor isrequired on the mnneding cable.

The serial interface ércuit consists of a6N138 a equivalent opto-isolator with a MPF102 o
equivalent J-FET in series with the LED portion of the isolator. The J-FET isused as a arrent
limiting device Thereisa1N4148 o equivalent diode placed acossthe opto-isolator LED to
proted against reverse voltage. The serial input is completely floating, asthereis no eledricd
connedion fromthe “A” or the“B” input to locd power or ground.
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GPS Receivers and requirements

Recelver Comments
Apallo 920 Tested - no spedal requirements
Garmin 55, 90, 95 Tested - no spedal requirements, use 0183 autput
Magellan 5000A Tested - Jumper required on Smart Coupler printed wiringboard. See

the spedal instructions.

Magellan Meridian,
Trailblaze

Tested - no spedal requirements

Other NMEA Magellan

183B output - tested, no spedal requirements

183A, 183C, or 183D output - The recaver does not send a chedisum.
If you must use one of these outputsinstead of 183B, the Smart
Coupler chedksum algorithm must be disabled by pladng a jumper
from pin 8 to ground (pins1 or 9).

RossEngineeing
LCA 200

1831, 1833 - Must disable chedksum
1832 - No spedal requirements

If your recever isnot included in the éoveligt, it simply means that Porcine Associates has not
yet had any experiencewithit. We have not yet seen arecever that claimed to be NMEA 0183
compliant that was not compatible with the Smart Coupler.

GPS unitsthat claim ARGUS compatihility should work with the Smart Coupler aslong as they
can transmit at 4800 kaud. The Magellan 5000A redever isan ARGUS recaver that has been
tested with the Smart Coupler.

page Al




GPS Snart Coupler User Manual

Special instructions for Magellan 5000/A

The Magellan 5000A isnot NMEA 0183compliant. Seled the dternate Smart Coupler decding
scheme by doing the foll owing:

1. Place gumper on the Smart Coupler printed wiring board as iown below. The Smart
Coupler must be removed from its case to placethe jumper. The fadory will supply a Smart
Coupler with this modification done on request.

— /* 2x8 hole pattern

oo Jumper for Magellan
oo Cy 5000/A compatability
og
N 00 [ Connector j
oo
g g Gain and Offset
— — Potentiometers
L— Processor —
|:| —3 —3
— ©

Top View Smart Coupler PWB showing seleded components

2. Set the Magellan Argus Setup (Aux. 7) to OUTPUT ON and 4800BAUD

3. Wire the Argus moving map high output to the Smart Coupler serial input + (orange wirein
Magell an data cale) and the - output to the Smart Coupler serial input — (blad wire).
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