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ABSTRACT

The applicailon of @ low=cost, commerelnlly-avotleble microcomputer oy the naviputlon precenar for o simplifled QMLGA
Mavigation System (ONS) Is on aroa of current research at Ohlo Unlversity's Aviontes Engineertng Cantet,  This paper describes the
interface of a low-cost front-end OMEGA, sensor o the microcompuier ond pives on example of Jhe phuse-procassiing sof ware and navl=
gaetion routines being developed, Emphasts is placed on ihe description of results abtained with the softwara vorsfon of tha OMEGA Lurst
ftiter developed at Ohlo University and knewn 63 the Momory=Alded Phase Locked Loop {(MAPLL),

INTRODUCTION

In ordor to tuke advantage of tha low=cost computing capabllity uvallable with off-the-shelf microcomputers, o software-lased
QNS5 Is baing developed which minimizes hardwore {and, therefora, size and cost), The design opprouch token has heen to utllize
the OS5 previously developed frontecnd und o Kennedy Incremental tope recorder to establlsh a dotu bose of liva OMEGA ground
and flight data, This data bose has been uied 63 the Input data In o FORTRAN language simelation analysis of e Ohlo Unlvenity
ONMS, The software phose processing routines developed have in turn been assembed In mlcrocomputer code und Implemented in the
microcompuler,

A prototype OMEGA sensor processor previously developed at Ohlo Unlversity und reported by Burhuni“] and Lmaym Incor=~
porated @ hordware synchronfzation schems, memory-olded digital phase lock loop (MAPLLY, and LOP board. in arder to utiljza the
microcomputer to Its fullest capability and further reduce the cost of the ONS, it was desirable to Implement these samar processor
functions In microcompuler so[hjure. An automaHe synchronlzotion technique hos been simulated viing the OMEGA data bae, and 1t
has been previously reported, (9

A software phase lock Toop with time comstants and mode of operatfon closely resembling the hordware MAPLL has boen simulated
and lob-demonstraled on the microcomputer. The software MAPLL { SMAPLL) praduces filtered phase estfmates which hava bean uted
to plot LOP's which compare favorably with these produced hy the hardware senier processor, A description of the minimvm-hardware
ONS follows, and the paper concludes with an examinalion of the SMAPLL opuration and ils opplication te the vary low-cotl MINI-O
system doseribed by Burhans, [4

RECEIVER-COMPUTER INTERFACE

The seftware=bated ONS Is iHustrated funciionally In Figure 1. The preamplifler and front-end modules have been describad in
detoil by Burhans,f 1] Raw OMEGA zero-crossings are provided by the fronl~end at 0 10,200 Zps rate, The inlcrocomputer Interface
module uies the fer gularly-spaced OMEGA zero-crossings to sample a clock signal at some predetermined sample rate,  An Intarrupt
requast siimul 15 also generated at this sample rate and sent 1o the computer, This process hos been praviously deseribed by Lilley and
soltar. [3] The cutputs of the interfoce module are, then, a digitel word reprasenting the phase of the current OMEGA zoro-crosting
with respect to a local clock and an interrupt request pulse which tells the computer that o new sumple of OMEGA data s ready 1o ba
read,

Two versions of the interface module have been uied at Ohle Univensity, The first 1s o 100 Hz sampler deslgned to Interface on
altborne 30 Hz bandwldth froni-end to the navigotion processor for @ general oviatlan alrcrafi, More recently, a 40 Hz sompling
interface has been designed for the 4 Hz bandwidih MINI-O version which couid see applicaiion as a lew-cos) educational tool or
position«fixing ald for wilderness buckpackers.

Although some currently available microcomputer systems include sophisticated Input-cutput devices and interrupt sorvicing
schemes, the very simple end fnexpensive technique known as memory-mapped /O s often adequale for the small-system dedicated
application. This technique, as used in the Interface module, is iliustrated in Figure 2, When the computar recognizes the interiupt
request, the first step in the interrupt servlice rautine 1s 1o read the new phase data from localion BXXX. ™ls memory address is hardware-
decoded in the Interface module us the location.of tha interface module's phose data latch. The decoding of this address enables a
tri-state inpur switch which puts the dala onto the computer's data bus. The data thus entered Inte the compuler con then ha mani-
pulated by software routines to provide navigation information to tho user {(whether the user is o pliot, boat novigalor, lab demonstrator,
or backpacker).

COMPUTER-DISPLAY INTERFACE

As mentioned previously, memary mapping Is an {nexpensive, simple method for moving duta Inta and out of the computer,
Figure 3 shows the O, U. output circultry which decodey o memary address 1o enable o latch, Moo that this lateh does nat need 1o
ba o tri-stole device since ils Inpuls are enokled from the data bus only when enabled by tha peoperly decoded address. It should
also be pointed out that the address desoding clreuitry is further simplified by deceding enly the four most significant bits of the
sixtean-bit address, {The particular microcomputer In use for the OMS davelopment hat a sixteen-bit address bus.) This in effect
sacrifiees 1K byles of patentiol 64K memory locations (space which will probobly never be needed by the dedlcated small-system
user), When the wiput latch address (e,g. ?XXX)is decoded, the latch is enabled to copture the current dara bus bit pahern,
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This ean bo current phase, miles-tawgo, ar uny other data spocifivd by the programmor.  This dighal werd can thun be cenveriod
to un)nnolog valtagu through o D/A rosislor natwark and used 1o drive o choet rocorder or meter (o0, pllot's CI or groundipned
mater).

SOFTWARE BURST FILTER

The mlcrocomputer-tased ONS s currently belng used to demonstrata ONS routines os they are doveloped und rofined in the
FORTRAN simulation unalysls, Using the OMEGA Jata baso previously vstablished, a reatine hat heun duvslopsd o synchronize
automatically the recalvercomputer Himing 1o 1he fixed OMEGA tranumlsslen patlern,  [hls routlng Is documonted In raferenco 34
Alter the ONS Iy In syne, the phasa of cach OMEGA rammitting statlon con ba identifled und trackud durlng eueh ime slot o
"Lburst' by o digital filter or phase locked loop,

An OMEGA burst filter concepl developed at ?hlu Univenity and currently In uso In the hardwara QMEGA sensor procosier,
1s the memary=-alded phase locked loop (MAPLL).IS' ] Since the MAPLL hos been shown to Lo on cffuctive digltal filer for
estimaling the phaso of an OMEGA slgnel within a time slot, o softwaro MAPLL {SMAPLLY with neatly the sumo loop churaclurlylles
wos destgned for the micrecomputer=bosed ONS,  The SMAPLL has been simulated In FORTRAN Jonpuane, whi the Q MEGA data
base serving o Input data for the simulation, Tho SMAPLL hos also buen implementad Tn microcomputer cado and used In the
praviously descrlbed microcomputer-based ONS 1o lrack live OMEGA pliatu,  The hardwaru sonsor processer's LOP bourd hos boen
reploced with o slmplo softwara subiraction of two tima slot phose autputs of the SMAPLL. This phote differanco or LOP s then
stored {n the output lateh previously described and (after DA conversion) can bo pletted on a chort rucordor shawn In Flgure 9,

To understand the operatfon of the SMARLL it Is helpful to review the charactarlstics of the hordwore MAPLL. Figure 4
shows thal the Incoming OMEGA zero~crossings ore compared to a locked reforunce pulie at o 10,2 KHz rota In @ bllsvel quontlzing
phase detectar, If the Incoming eyclo of OMEGA 1s ohrad of the locked phote the phose ivtecler oulpuls a signal for the bi-
directional loop counter o count up (ond vico-veria}, The loop countur I3 a sixteen bit up/down counter of which the six moal
significant bis are vied o the locked reference phase, Thurefore, Tt takes $024 counts (eorrefated zuro-crousings) n the sama
direction to Increment or decrement the shxbit roforence phare word, This amount of loop fillering wai found 1o be optmum for
the hardware MAPLL In terms of 11s abHity 1o track low signal«to-nalsa ratlo slgnals typical of the OMEGA envirenmant, (&) 1he
six=bit reference phase word is compared Io a clogk In a digital phase shifter which outputs the Jocked pubia, apalmt which the
incoming zero crossings are compared In the phose doteclor, Al the end of each tine slot, the locked refurency pliate word in stored
in o random cceess memery untt that time slot oppears In the noxt tlen second frame. 11 Is than preloaded inte the loop counter
before measuring the new Hme slot phose,

The analogaus block diagram fer the SMAPLL oparation appuoars In Figure 3. The cperation of this softwara loop it simllar
to the MAPLL excapt {hat the hardwara lecp compuares the potitlon of on OMEGA zero-crouing with the locked pulie ot 0 10,2 KHz
rate, while the softwara loop actually sublracts the incoming sampled phase word from the rzference phase ot tome slower sampling
rale {e.g. 100 Hz or 40 Hz), The software loop as Initially implemented retaing the MAPLL bilevel quantizing phas delector,
oporating al the 40 Hz intarrupt rale, In order 10 operate the SMAPLL at speeds similor 1o ey MAPLL, a 2:bit up/down counter
procedes the six feop centrol bits,  Future SMAPLL dasigns witl draw en the inherent floxibility of seftware implementation and may
cantaln o mulll-level phase error quantization with appropriote welghting to ebiain the narrowbend purformanca of the MAPLL
hardware {oop.

MINI-O APPLICATION

Tha SMAPLL has beon utilized as the buut{!llnr for the low=cost MINI=O system, Operationol and clrcuit detolls of the
MINJ-O system have been presented by Burhans, t7

The MINI=O 4 Hz bandwidih frant-end was configured with a microcomputer Interface module which somples the OMEGA
phasa at @ 40 Hz sale and provides the microcomputer with an Interrupt request signal,  STx-bit OMECA phase vila and two other
timlng=conirol signals ore made evailable to tha microcomputer at this 40 Hz sompling rete. Figure 7 shows the data farmar presented
to the microcomputer. The software Interrupt service routino thon loads the data Inta the microcomputer uitng the memary-mapped
input technique already described. The SMAPLL routing Filters and tracks the phase measuremenis during cach fime slot aa they
arrive, The time slot phose estimates ore then subtracted la form LOP's ond the LOP diglial word is outpul using the memery-mapped
output lateh, A flow chart of the SMAPLL routine used in the MINI~Q system appears in Figure 6, and o listing of the micro-
computer code used to impizaent the routine on an MC56502-based JOLT system is glven in Figure B,

In arder lo compare the operalion of the MAPLL and SMAPLL In: the tracking of {ive OMEGA phase data, the hardwara sensor
processor {incorporaling the hardware MAPLL) ond the MINI-O SMAPLL LOP outputs ware run side-by-.ide in tho lob and thelr
autputs plotted on 4 dual-trace chart recorder. An example of the resultant LOP charls appeors in Figure %,

NAVIGATION PROCESSQOR ROUTINES

Since the sensor processor functions have heen implemented in saftware, the next step Is 1o devalop an OMEGA tracking Filter
{with weloelly-aiding) and efficiant navigation processor routines for tha microcompuler-based ONS, Conceptually, the OMEGA
tracking Filter tokes the time slot phase estimates (once par time siol from the SMAPLL) and filters them aver several time sloks,
It alse fneerporates velosily=alding or second order characteristics to pravide smoothed date to the navigation routine.

The navigation routine hes as Its Tnputs the posTtion coordinates of the erigin and destinatlen, and current position as
dertved from OMEGA LOP's. It Ts the Function of tha novigation routine Jo produca o course deviation, milei~lo-go to destinction,
and groundspecd informalion to the novigator, ‘
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SUMMARY

The Chio UniversTty OMEGCA hard |, semor processer funcHans, Including automutle synchronlzatlon, phaie Jocked loop
Lurst filiwring, ond LOP gencrotion, e Lean slnulatud and the techniques developod are being implemunied Tn mierocomputar
software, A doscrlption Is providad £+ - o softwore memory-olded phosa locked Joop {SMAPLL), and operatiurat results heve shown
its operation to be stmilar to the hr  .are MAPLL, A dulollud description of the SMAPLL routine currently in use wiith the MINI=O
recejver ond JOLT microcomputy  -tem [os been prewwntod os an axomple of 1he polential for the devoelopmum of o truly low=cost
ONS, Devalopment of naviga?  seftware for the microcomputer-based OMS continues townrd the goal of a complelely weftwars»
based ONS cesting less than § . 4,

ACKNOWI .DGEMENTS

This rosearch was - ducied under the NASA/Lanaley-1ponsored Joint=-Unlverslty Program In Alr Trampariation Systems.
The program involves Qi Unlversity, Princoton Unlversity, and Mula T, in @ combined effort to make air remporintlon safar and
more efficient, The progrom hos concontrated an developing on QMEGA navigation ald at o lowecost affardolilu by the genvral
aviation ptlat,

The authars gratefully acknowledge the contelbutions made by Ohio Univenity's OMEGA project staff and sludunts:
Me, Ralph W, Burhans, Project Engfnear and Inventor of the MINI=O system; M, Kent Chomborling Graduale Research Asociate
and davaloper of the MAPLL; Mr, Paul Blasehe, Gruduotu Research Asseclaly; and Me, Lee Wright, Student Enginenlng Assistant,

REFERENCES

(11 purhans, R W., "Low-Cosl, Hiph-Performarnice VLF Recetver Froni-End", Tochnler:l Memerandum (MASA) 18, Avionics
Engineering Centor, Ohlo University, Athens, Ohlo, Soptember, 1975,

21 ![;Illlluy. R. W., "Binary Processing and Display Concepts for LowsCost Omega Recelvers”, Journal ION, Yol, 22, Ne, 3,
al, 1975,

(31 Litley, R, W., and R, J. Salter, "Simulation Anslyils of a Microcomputer-Based Law~Cost Qmego MNovigatlon System®,
paper presented a) Natlonal Aerospace Symposfum of the ION, Warminster, Pennsylvanla, Aprll, 1976,

(4]  Burhans, R, W,, "The Minl-Q, A Digltal Superhet, or o Truly Low=Cost Omega Movigution Recolver”, Technical
Memorandum (NASA) 20, Avionies Engineering Center, Ohlo Usiversity, Athens, Ohio, November, 1975,

{51 Chamberling, K., "Binary Phase Locked Loops for Omego Recolven”, Proceedings of the Second Omega Symposium,
Washingten, D.C., Movember, 1974,

(4] Chamberlin, K., "Digitel Corrolation Detoctor for Low=Cost Omeya Navigation”, Technical Memorandum {NASA} 1%,
CRi44956, Avlonies Engineering Center, Ohio Unlversity, Athens, Ohlo, February, 1976,

(71  Burhans, R, W., "Mini-Q, Slmpla Omego Recelver Hardware for User Education®, paper prasented ot the Injemational
Omega Assoclation First Annual Meating, Arlingten, Virginia, July, 1974,

\7 ADF - SEHSE
ANTENNA

COCKPIT DISPLAY

ADF PREAMPLIFIER
ouTPUT
RECEIVER OMEGA MICROCOMPUTER DATA
FRONT-END ZERO- - - [HTERFACE AtD M1 CROCOMPUTER
MODULE CROSSINGS MODULE INTERRUPT
E ‘S Figuro 1. Summary Block Diagram - Microcomputer-Bases OREGA, Racelver.

3




D E— 40 Hz IRQ
pe ﬂQ
Interface
A=A, fomEmrmT
Gonerales NUI Und E__.._..,.,,___ 1&-Bit
Phase Samples el Ao Bus

[IPeed

-0t Data Bus

N
/—

Enahle
7
— 0 Tri- '
= Dala |_ State
=== Lalch Latch
By
Figure 2,
pe T

Data Qutput
Software:

"Stare Accum.
into FXXX"

Micracemputer Inpul Interlaca,

He

={ Data Input Softwaray

v —— —
1 Se———mm joeiiithaaiy
Y —————trk _—
N s b AR
W v gt st e —"
Tel=State o [

"ol Accum, with
Contents of Mam, lag,

8-BIt Data Dus

Latch

Encble
Laich

A

—-Am_‘_...—«- - rm——

' Analeg
Cutput

Micracomputer Output Interface,




Loop

Raniom = Accos
Memory
0 words x & bin

Address from HHT

3 bty Momory

Menory Wrlla
from 1KT

Enable Preset Dato = & bits
L4 Presol
2P from KT
Omupa~——s{ Phase Detector down Bidirectional Counter
Zero ud {16 = bin
Crossings ot s
10,200 Zm, TITTI T }) A
ot wied Yloup Phase Data « 6 blh”
Locked 10,2 Pulies Comporalor
64 x 10,2 KHz crerme—ad Roference Counter
(652,8 KHz) (& » bit
from Synthestzar
Flguro 4, Mamory~Alded Phase-Locked Loop (MAPLL).
b-Bit {
Up
QPhaso ——— Bidirectlonal
Phase Control
Detactor Down {8-Bi1)
{40 Hz Ratn)
Figure 5. Scltware Memory-Alded Fhose Locked Loop (SMAPLL),
—
ORIGINAT PAGE T

Ram Starage

{8 Words)

“1 POOR QUALITY

-5-




v

INTERRUPT

Lt SMAPLL

V

DIFF = PHI - PHI REF

50 vi
YES DIFF<-32 o= DIFF 232 S
?
NO
g~y
INCREMENT DECREMENT | __
LOOP CTR LOOP CIR [ i
NO L LOOP CTR LOOP CTR NO _ )/
=4 = /\)
? ?
INCREMENT DECREMENT
PHI REF PHI REF
| No NO /)
PHI REF = 0 \ PHI REF = &3 RETURN
el W

Figure 6,

SMAP LL Flow Chart for 40 Hz Sompling, 6-Bit Sysiem,




% Loop Enable
Oy [WA" Initialize
Dg | M52 Phase
D [1M
4
l:):3 "
D2 "
D] "
Do 158 Phose

.,..1 625 feae

msac‘

—_——> T L
b= I A |

1.25 sec, L—

Figure 7. Mlni=0O Data Format,

S 0000 AD 02 292 1D 44 A2 33 86
L1 0008 =0 04 10 04 A3 0 34 &l
Jdi QOI0 4A 29 37 5% LA Ad EI U5
41 0018 DT AA WA 35 LT AS D6 10
L4 0020 ES L7 12 19 45 27 149 ES
M 00283 DS N3 A7 F5 ES 3A A9 D6
4 0030 HB5 37 53 €2 22 10 O3 Dé
24 0038 D7 A FH DT 40 A3 AT DY
4 0040 85 3A A% FH T 27T 4C 32
S 00ud 00 AS ED tD 22 AD 20 J4i
«4 0050 EQ 75 23 94 F 13 ZA AS
L1 0053 D7 23 Al 712 A5 =l G998
MO 0060 DO DA 2RI 8A TZ 40 D3 N0
o o06f 20 47 73 25 1 43 A% DA
MOO00T0 AN AN 35 23 4D DT IO ES
L1 0078 D3 30 33 3a aa 3P 90 90
40 0000 AC BT 3D 57 42 Al 1A 30

Beginning Microcomputer Code

Memery

Locotion

{HEX)

Figure B, JOLT System Listing for MINT -0 SMAPLL,




” RN AL PR N far bos O O Y Rl MR T S Y PO AP
100 £t ne ) o 1 e i I v i !
el .—-»--T----a»y.-s--- .;., —'vn——— '-_,. e . | | E :
MAPLL EEE e e
ouTPuT - wlin ;f.‘-,"".{ 5 T A A ¢ i
{Hardwarn) O B TR N 0 N A 4 N I TR
U IOV IS SR R R 11 . I I . e,
D-c LOP . . . - . I - - » . . . . , . '
‘ i
! v " H u 't: n y I v
Deved L UBOUUGLLUOUlvubUlvuoluvubobiuuuos
- - Jine . ee] . be v ! .
100 cacej- ' B TR VN [/ U SRR CUR IV U FROU POV o " . l . e H
. } I
SMALL
ouTPUT
{Soltware) ’
L | o 0 L
O I I P B SO VR AN S J Bt T T ! . -
D-C LOr i D R R O O I R N R i N )
. o ‘-| = B “(')h h -(; ’ N - - ‘-' :' ’ %8 ! ¥
0 cec e VU SR SR SO O 5 FR A S T AR R RS A
Pt “ﬁumﬁu‘”\:‘_:ﬂ\:‘_\: (WS ~ L Y L B _n_J [ 'Jw..:...:' ~,
4:3!3 AW, Unexploined Disturbanee —
£.D.T. at 4155 At E.D,T. 2/14/76 Tima (4 inches ke, )
Figure 9. OMEGA LOP Traces == Software Loop Qutpul on Beitom,
100 eec-
HaTLL
ouTeLr
{tiord ware)
' C-L LOp
D:cc---'-"- —h
’ [
100 cec .
SiAAPLL
QuTruUT
(Software}
C-D LOP

Time (1 Inch/he.)

Figure 10, OMEGA LOP Oulpyl Truces == Soltware Loop Quiput on Bottem.

-0~




	GeneralDisclaimer.pdf
	0001A01.pdf
	0001A02.pdf
	0001A02_.pdf
	0001A03.pdf
	0001A03_.pdf
	0001A04.pdf
	0001A04_.pdf
	0001A05.pdf
	0001A05_.pdf
	0001A06.pdf
	0001A06_.pdf
	0001A07.pdf
	0001A07_.pdf
	0001A08.pdf
	0001A08_.pdf
	0001A09.pdf
	0001A09_.pdf



