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ABSTRACT

This report summarizes the Phase 1 development
work completed in January 1973 on the Super Receiver/
Navigator for the US Air Force . The functional de-
sign of an improved Loran receiver/navigator that
employs new measurement and data processing tech-
niques is described . Design definitions of the
Radio Frequency Unit , the Digital Measurement Unit ,
and the Receiver and Navigator software are pro-
vided. Software routines were run on the IBM 360/91
digital computing system at APL using simulated
input data. Performa nce predictions of the Super
Receiver/Navigator , based on the results of these
runs , are also supplied .
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1. INTRODUCTION

From April 1972 to January 1973 , The Applied
Physics Laboratory developed the functional design
of an improved Loran Receiver/Navigator that employs
new measurement and data processing techniques .
This Phase 1 development effort defined the Radio
Frequency Unit , the Digital Measurement Unit , and
the Receiver and Navigator software designs . The
software subroutines were run on the IBM 360/91
digital computing system at APL using simulated
input data. These runs produced data that permitted
some predictions on the performance of a Super
Receiver/Navigator in the real—world environment.

This summary report is the last in a series
of reports which were issued to describe Phase 1
work . It presents and discusses the current de-
sign of the Super Receiver/Navigator . Previous
reports (Ref. 1 through 4) describe the design
work during development. Where the present design
definition differs , the information presented
herein supersedes that previousl y reported.
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2 . BACKGRO UND

In November 1966 The Appl ied Phys ics Labora tor y
(APL) was requested by the Depar tment  of Defense
to par t ic ipate  in the eng ineer ing act iv i t ies of
the Defense Commun ications Planning Group (DCPG) .
During the following five years , APL accomplish-
ments  included a prec ision a ir c r a f t  nav igat ion
an d delivery system and its environmental support
system which are currently operated by the  A ir

• Force . These systems are known as Pave Phantom
and Sent inel Lock/Loran.

The high—accuracy location and delivery ob-
ta ined us ing these  systems is a t t r ib u t a b le to t he
precision of horizontal location inherent in the
Loran-C system of nav igation , and to the  prec ision
of vertical location inherent in the digital in-
strumentation of barometric altimetry . Two other
precision—navigation , Loran-C systems were developed
by DCPG at APL prior to Pave Phantom , each of wh ich
used a different Loran-C receiver. The experience
ga ined dur ing t h i s  e f f o r t  ind ica ted  t h a t  none of
the three different Loran-C receivers fully ex-
ploited the potential of the Loran—C positioning
capab ilit y .  A s tudy  of o ther  opera t ing receive rs
rei nfo rced  the  v iew tha t the s t a te  of the a r t  in
Loran receiver design could be advanced .

Following termination of the APL association
w i th  DCPG in 1971 , APL recorded the  nav iga t ion and
delivery principles in Ref. 5 and initiated ex-
ploratory research on the degree to which the trans-
mitted Loran-C wave form can be recovered from
the received ground-wave signa l in the presence of
noise . This research indicated that the applica-
tion of new signal processing techniques in receiv-
er des ign coul d subs tant ia l ly  improve both the
dynam ic and static receiver measurement capability
(Ref. 6)

As a r esu l t  of t his research , the A ir Force
sponsore d a Phase 1 task a t  APL to des ign a new
Loran Rece iver /Nav iga tor  wh ich woul d embod y new
Lora n signa l  process ing concepts a nd incorporate
the horizontal Lavigation principles of Ref . 5.
rhis design has become known as the Super Receiver/
Nav igator . A Phase 2 task was planned under which

—3—
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the nav igation capability would have been extended
to the vert ical dimension and the complete design
incorporated in an engineering prototype .

The Phase 1 design of the Super Receiver/
Nav igator was carried out during the period April
1972 to January  1973. The design as of the end
of January  1973 is reported herein. The current
design has arbitrarily excluded Loran-D to avo id
the add itional complexity of dual modes during
the conceptual  development of the signal proces-
sing techni ques . The extension of the design to
include both modes , Loran-C and Loran—D , is now
straightforward and can be easily accomplished
during Phase 2.

I
I
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3. SYSTEM SPECIFICATION

The initial task undertaken on the Super
Receiver/Navigator  design was the assembly of an
initial set of specifications which would define
the  goals , requ irements , and boundary cond it ions

• applicable to the Phase 1 work to be performed
by specialists in the various fields , an d at t he
same t ime serve as a model for  a Phase 2 spec if i~
cat ion. This preliminary specification was an
adaptat ion of the Air Force specification fV or the
AN/ARN-lOl Loran set. As design of the Super
Rece iver /Nav igator  progressed , the need for modifi-
cations to the preliminary specifications to ensure
the full explo itation of the concept in Phase 2 be-
came obvious . The Phase 2 Super Rece iver /Nav igator
spec ification is in Appendix A .

~



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

THE JOHNS HOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY

S, LVRR SPRING NAR Y LAND

4. FUNCT IONAL BLOC K DIAGRAM

The Super Receiver/Navigator is divided into
three major units : the Radio Frequency Unit (RFU),
the Digital Measurement Unit (DMU), and the Computer ,
Control and Display Unit (CCDU) (see Fig. 1).

V 

The basic function j erfortned by the Radio
Frequency Unit is to process the incoming signa l ,
principally by ana log means , so t h a t  the signa l
arrives at the Digital Measurement Unit at a speci-
fied voltage level with negligible signal distor-
tion. An additional function , under some circum-
stances , is to cancel continuous wave interference
without signal distortion .

The Digital Measurement Unit provides the basic
V t iming osc il l a tor  ( local clock) , the conversion of

vo l t age  measurements  a t  sample points of the RF
waveform to binary digits , and the contro l of mea-
surement sequences and transfer of data to the
computer. The Digital Measurement Unit operates
in three modes ; Search , Sett le , and Track . When the
un it is in the seareh mode , the  b ina ry  data are pre-
processed before  t r a n sf e r to the  computer . In other
modes the data are transferred directly .

The Computer , Control and Display Unit consists
of the digital computer and the associated input/
outpu t interfaces . The computer contains the
software programs which embody the Loran receiver
f u n c t i o n s , the nav igation functions, and  the  ove ra l l
control program. The input/outpu t interfaces are
of two k inds : one is the cont ro l /ind icator  wh ich
prov ides the human interface , and the oth er is
the guidanc e and contro l subsystems , such as guid-
ance displays , autop ilot , an d aut omat ic release of
stores.

RADIO FRE QUENCY UNI T

A n t e n n a  Coupler

Signa l s  rece ived by the a n tenna ar e a ppl ied
to th e a n t e n n a  coup ler where they are ampl ified
with only a small amount of liltering . The aiTtenna

— 7—

- ~
V
~~

l _ •J~I f l  JvI ;~ LA:~~~.;~CT ~IL~-~~D
—- 

_____________________________



V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
-

THE JOHNS HOPKINS UNIVERSITY 
- - - . I - V.. • ~APPLIED PHYSICS LABORATORY I -Y F ~S R IPR DV M R AND ~, ~~~

- ~ 
4 • - --  

:E j  I
I

I]

..

~ H~i ~FT1 I
______ 

-

~

} iiI1

~~~~}i~~~~~~~~

L 

~~~~~~

~

-~~~• -  - - ~~~~~~~~~~~~ - - ~~~~~~~~~~~~~~~~ ‘

-8-

I 
-- •~~~~--~~~ — _ -• ___



___ — 
~~~~~~~~~~ _ — --- —

THE JOHNS HOPkINS J H I A I R S -

APPLIE D PH’I S C S  ~~A H H A ’  H’.
Al L Via  5flI ~.4 A R Y A*.I

coupler output is suitable for driving a ba lanced
low impedance transmission line . Therefore , the
antenna coupler can be located near the antenna ,
and signals will be transferred to the receiver
section without loss or interference by local
undes ired signals .

Bandpass Filter

The bandpass filter provides attenuation of
undesired signa ls outside the Loran-C signa l
bandw idth .

Signa l  Cancel ler

The signa l canceller is a phase-lock device
wh ich attenuates undesired signals within the
Loran-C signal bandwidth . When a command to op-
era te  is rece ived f r o m the  computer th rough  the
RF mode f i le , the signa l canceller automatically
searches for CW or FSK signals and phase locks to
the first signa l encountered. The phase lock
loop output signal is adjusted to the proper ampli-
tude and added out of phase to the undesired input
signal producing attenuation through cancellation.
A signa l canceller is required for each undesired
signal. The Loran-C signa l is unaffected by the

• signa l canceller.

Step Attenuator

The step attenuator sets the overall gain
of t he  ~adio Frequency Un it by a t t e n u a t ion of the
signal. The attenuator setting is controlled by
the computer through the ga in control file . The
step attenuator is a very wide bandwidth device
produc ing extremely small signal phase shift over
a large attenuat ion range .

Bandpa ss Amp lifier

The ba ndpass am p lif ier is a f ixed ga in device
wh ich provides the majority of the Radio Frequency
Unit signal amplification. The output is suitable
for dr iving the Digital Measurement Unit. The
bandpass ampl ifier also provides additional at-
tenuation of undes ired signals outside the Loran-C
signal bandwidth .

-9-
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I
DIGITAL MEASUREMENT UNIT

Sa mp le and Hold and Analog-to-Digital Converter

The digitizing portion of the measurement
un it cons ists of a sa mple and hol d c i r cu i t  wh ich
selects and  holds  a n a n a l og v o l t a ge sample po int
va lue , and a 10 bit ana log—to—digital converter
wh ich converts the sample point value to a nega-
t ive two ’s complement binary number .

Measure ment Proce~ soi’ and I and Q Buffers

The output of the analog—to-digital converter
passes through the measurement processor. The

• measurement  processor is designed spec if ica l l y for
pipeline synchronous preprocessing in the search
mode . The output of the measurement processor is
t rans fe r red  to one of two b u f f er regist ers . One
is labeled I buff1er for the in-phase voltage
component . The o ther  is labeled Q bu ffe r  f or
the quadrature voltage components. The names do
not lit e r a l ly appl y unt i l sample po int t im ing
adjust~nents make Q values small and I values large

-

• 
in an absolute sense .

Direct Memory Access, Computer Input/Output Logic,
and Fi le B u f f e r s

After each measuremen t sequence , when signalled
by the  measurement  sequence generat or , the  I and Q
b u f f e r s  f ill , and the direct memory access logic
tra nsfers the contents of the buffers to a pres-
lected t ab le  In the  computer  memory . Whe n the
table in the computer memory is filled , a counter
in the  direct  memory access logic , wh ich was pre-
set by a computer program , overflows and signals
the end of a measurement sequence group lV i l e  Each
file contains a group of up to four measurement
sequences . At th is time the next measurement I V i l e

words ar e t r a n s f e r red f rom the  f i le b u t l er s  to the
ga in contro l , RF mode , interval , and sequence
mode contro l f ile registers . The transler 01 the
file buffers to the file registers initiates a
new group o measurement sequences. Simultaneously,
an interrupt is sent to the computer , signalling
that the preselected measurement tables for the
preceding sequence group file are liled in the

— 10—
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computer memory , the  current sequence group f i l e
is in progress , and the computer program must
fill the file buffers for the next sequence group .

Timing and Measurement Sequence Generator

Tim ing is prov ided by the  51.2 MHz t empe ra tu r e
stab ilized crystal oscillator . This frequency is
chosen to give the simplest interface between the
16—bit synchronous preset counter and the computer
search , se t t le , and track routines which calculate
in binary the numbers for the synchronous preset
counter. The slower ra te counter stages of the
synchronous preset counter , 2~ through 215 , pro-
s-ide the clock and  t i m i n g  s i gna l s  to the measure-
ment sequence generator . The measurement sequence
gene ra to r  prov ides the  contro l and cloc k signa ls
t o t he  sample  and ho ld c ircu it , analog—to—d igital
converter , and measurement processor , The measure-
ment sequence generator also s i g n a l s  the  d i r e c t
memoi ’~ access logic  when  t he  end of one measure-
me rit sequence and  t he  b e g i n n i n g  of the next mea-
suremen t  sequen & -e has occurred , there by sen ding
the contents ol the I and Q buffers to the corn—
p u t e r  memor I,~~ ~~ the end of a measurement se—
quen ce . t h e  n ( I x t  mode word in the  mode f i l e  is
se l e c t ed  by t h e  measu remen t  sequence genera tor
a n d  the next int erv al word is preset i n to  the
syn c h r o n o u s  preset c o u n t e r  thus  b e g i n n i n g  a new
m e a s u r e m e n t  sequence . II a next  f il e  s igna l  is
se nsed b y the  m e a s u r e m e n t  sequence gene ra to r  a t
the  end of a m e a s u r e m e n t  sequence , t he  next  mea-
su r e m e n t  sequcilce  mode word and  the  next  i n t e r v a l
word are selected f rom the  f i l e  b u f f e r s , and the
file hullers ax- t- tr ansferred to the active files.
This initiation of new lVjle data coincides with
the interrupt sent to the computer signify ing the
complet ion of the  measurement  t a b l es in computer
memory and the requesting of more data for the
file buffers .

— 11—
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COMPUTER , CONTRO L AN D DISPLA Y UN IT

Compu ter

The proposed CCDU computer is a 16-bit digital
processor plus memory which is representative of
the present state of the art . As presently con-
ce ived , the Super Receiver/Navigator requires
direct memory access . For a Phase 2 engineering
prototype , a commerc ial ly available mini-processor
would be selected which has adequate periphera l
support for the developmental effort required , and
which has a memory of 16K , 16-bit words . At the

• present time , the fina l design is expected to re-
quire about 5000 16-bit words which could be
incorporated in a time-shared genera l purpose
computer , if one of adequate  performance were
available ; otherwise in a dedicated computer.

Control/Ind icator

The contro l/indicator permits the operator
to exercise control over the system . It accepts
inputs from the operator and indicates the status
of the system as well as specific data requested
by the operator . It is expected that the majority
of the non-permanent initial conditions will be
inserted into the system by non—manual means ,
such as cassette-type magnetic tape . If th is were
the  case , the tape reader would be incorporated
into the control/indicator .

Gu idance and Control  Subsystems

The specific types of components which make
up the guidance and control subsystems are depen-
dent on the type of aircraft and its mission. In
the case of a piloted aicrcraft . these components
would include the attitude,direction indicator (ADI) ,
the horizontal situation indicator (1151), and
displays for numerical information such as dis-
tance to go and time to go. Addition ally , if
the aircraft is equipped with an autopilot , the
opportunity is provided for automatic guidance
in response to commands from the computer . Pro-
vid ing these commands to the  autop i lot is opt iona l
in the case of piloted aircraft , but mandatory in
the case of drone aircraft. If the mission of the

-12-
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aircraft includes the release of stores or aerial
photography , the i n t e r f ace  components  of these
subsystems would include relays for which closure
signa ls would be produced by the computer . The
Phase 1 effort has not been concerned with the
design of the control/indicator , the specific
in t e r f a c e  requ irements , or the cha rac t e r ist ics of
guidance and control subsystems . The Phase 1
e f f o r t  has prov ided the def init ion of the  computer
side of these inte r faces. The control/indicator
and the interfaces can be comp leted when Phase 2
is initiated and the aircraft interfaces can be
def ined .

— 13—
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5. RADIO FREQUENCY UNIT

The primary goa l of the Super Receiver/
Navigator design is to make meaningful measure-
ments of the differences in times of arrival of
signals from any two Loran transmitting stations
to the level of a very few nanoseconds without
rate aiding . To accommodate the signa l strengths
of all transm itters throughout the service area ,
the receiver must be designed for a dynamic range
of 100 dB. Therefore , a Rad io Frequency Unit is
required which can be switched during the off
time between two adjacent signals from two trans-
mitters to any level throughout a 100 dB dynamic
range without introducing significant phase dis-
tor t ion , or without deviating from a determinable
relationship between amplification level and
phase . A design has been completed which achieves
the first alternative with no appreciable phase
distortions .

Another goal of the Super Receiver/Navigator
is to achieve significant improvements in receiver
performance in any electrical interference environ-
ment . A new s igDal  processing t e c h n i q u e  incorpora ted
in the computer can cope with all natural atmo-
spheric noise and intermittent man-made interference .
However , it cannot cope with continuous-wave (CW)
interference when the duty factor of the CW is
close to 100%. Consequently , the Radio Frequency
Unit is required to reject CW interference . Out-
of-band interference is rejected by the use of
bandpass filtering . For in—band CW interference ,
a signal canceller has been designed which can
reduce in-band CW by at least 30 dB with no ap-
prec iable distortion of Loran signals . This device
is shown in Fig. 2.

The design of the Radio Frequency Unit in
breadboard form is described in Appendix B.

-15—
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6 . DIGITAL MEASUREMENT UNIT

The pr inc ipal  f u nct ion of the  Digi t a l
Measurement Unit is to make voltage measurements
at computer  spec if ied locat ions on the  wa ve for m
of each Loran pulse as it is received . digilize
these measuremen t s , an d t r a n s f e r  the  numer ica l
result to the memory of the computer. To obtain

~i se fu1  r e s u l t s , t he  s h o r t — t e r m  t i m i n g  a c c u r a c y ,
the  resolut ion of t ime , an d the  resolu t ion of
volta ge must be consistent with the Super Receiver1’
Nav iga tor  goal  of measur ing t ime d if f e r e nces to a V

very f ew nanoseconds . In addition , the Digi t a l
Measurement  Un it must acce pt in s t r u c t ions f rom
the computer which dictate the time of the nea-
sure ments  an d the measuremen t mo de . Finally ,
the  d igi t ized resu l t s  must be t r ans mi t t e d to th e
com put er at  a r a t e  wh ich preclu des an y loss of
data at the most rapid Loran data rate. Assuming
tha t the computer allows direct access to the
memory , these requirements can be met with a
m inimum of hardware .

The design of the  D i g i t a l  Measu remen t  U n i t
is descr ibed  in Append ix  C .

— 17—
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7 . SOFTW A RE

Al l  of the  Loran rece iver fu n c t ions , except
those performed by the Rad io Frequency Unit and
the Digital Measurement Unit , are embod ied in a
program of computat ion and logic instructions ,
The computer section of the CCDU will contain
th is program. For convenience , the t o t a l  program
is d ivided into subrout ines and an overa l l  Contro l
Program. The ~ubroutines include the following :Search , Sett le , Track , Stat ion Ident if icat ion ,
New Track , Nav igat ion , and Warn ings . All of the
subrout ines , except the Cont ro l  Progra m an d the
Wa rn ings Subrout ine , have  been wr it t e n  in Program ming
Language 1 (Ref. 7) and tested on an IBM 360/91
computing system. The Control Program has not
been written because it is critically depen den t
on t he charac te r ist ics of the computer , and the
identification of a computer is part of the Phase 2
program. The Warnings subroutine was not written
during Phase 1 because self-check features are
also computer  dependent and the s tandard  warn ings
are straightforward interpretations of well—defined
Loran signa l modulations or of other parameters
already ava ilable in the computer.

The nomenclature and def initions used in the
subroutines are presented in Appendix P.

SEARCH

The Search subroutine is designed to achieve
a high probability of detecting Loran-C pulses and
a low probability of false detections . This is
accomplished in a five step process :

1. To in it ia l l y record a detect ion of a sing le
pulse , the absolute value of the measured
volta ge summed coherently over 10 consecu—
t ive cycles must exceed a spec if ied
threshold .

2. At least six of these detections must be
located in t he t ime doma in such  t h a t  t hc~’
are potent ial members of a Loran group of
eight pulses.

—19-
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3. The six or more detections that pass
t hese two t e s t s  must  exh ibi t either  t he
mas t e r  or secon d a r y  phas e code .

-I , Those detections that pass these three
tests  must  be foun d aga in in the next
Group Repetition Interval (GRI) in the
same 100 microsecond t ime slot.

5 . If the test is passed in the !ourth step, a
desired Loran Si g n a l  has  been found and the
fifth step is taken , I t s  phase  code and  t h e
t ime  of occurrence of the  f ir s t  pulse  of
the  group , a l ong  w i t h  o t h e r  p e r t i n e nt
d a t a , a re  recorded in t h e  Track Table  in
the  chrono logica l  or der of ap pearanc e
w i th in the  local  GRI , and  the  accompany ing
track Status indicator is changed from
Search to S e t t l e .

At the end of each GRI ii there are no detect ions ,
or at the end of every other GRI if there are ,
the  ga in is increme n te d a nd t he process re pea te d .

The d u r a t ion of Search  is depe nden t on the
sig al strength of the weakest desired transmitter ,
and on t he  size of t he ga in incremen t s  wh ich has
not yet been finalized . If all of the signals
from the desired transmitters are sufficiently
s t rong , search will be comp leted in t h e  m i n i m u m
of tw o GRI ‘s. On t h e  ot her ha nd , if the  weakes t
transmitter requires the maximum receiver gain ,
and the maximum gain of 100 dB is approached in
1 dB steps , and cz-oss—rate interference requires
a cross ra t e check  every  GRI , t h e n  Search w i l l
be completed in a maximum of 200 GRI ’s. In a
Loran—C c h a i n  u s i n g  the  longes t  GRI 0 0 . 1 second ,
t h i s  corresponds  to 0 . 2  a n d  20 seconds , r espec t  i ve l v .

The desi gn of t h e  Search  s u b r o u t i n e  is
desc r ibed  in A p p e n d i x  E .

I
SETTLE

The output of the Search subrou t inc a I lows the
qu a d r a t u r e  samp UI poi n t s  to be p l aced  by t h e
Dig i t a l  M e a s u r em e n t  U n i t  in t h e  S e t tl e  mode to

I
I 
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within a microsecond of a positive going zero
crossing o f the  decoded carr ier w i t hi n the 100
microsecond t ime s lot  in w h ich  the  d e t e c t i o n  was
made .

In the  S e t t l e  mode , t h e  Digital M .Vasurement
U n i t  makes e igh t  m e as u r e m e n t s.  The t i r st  two
are a pa ir of quadrature and in-phase voltage
sam p les (Q0 and I~~) w ith located within 1 micro—
second - of a zero cross in~~ of the (orrier , ~nd w i t h  I
located 2 .5 microseconds  l a t e r , The second p a i r  0
is located 10 microseconds l a t e r , t h e t h ir d  20
m icroseconds l a te r , an d the  !ou r th  30 mic roseconds
later than the f irst . Thus the data obtained for
I~~, I~~, 12 ,  and 13 are m e a s ur e m e n t s  v e r y  nea r  the
peak of the first half cycle of four contiguous
cycles .

S e t t l e  is a c c c m p l i s h e d  by i t e r a t i v e ly ap-
p r o a c h i n g  the  l e a d i n g  edge of t he  pulse w i t h  the
sample points . A decision to move e a r l i e r  or
l a t e r  on t h e  pulse  a t  each i t e r a t i o n  is t~a d e
as t h e  r e s u l t  of a four step process :

1. The pulses are decoded.

2. The Q and  I data are subjected to a
c o n s i s t e n c y  t e s t .  To pass t h i s  tes t ,
t he r e  must be at  least th ree  of the
group of e i g h t  pulses w h i c h  are con-
sistent in the corresponding values
of both Q and I. I I they are not ,
a l l  the  sampl es are reject ed a nd the
measurements repeated. If consistency
is f o u n d , corresponding Qs and Is are
summed for the consistent pulses and
the process advances to the th ird step .

3. The values of Q:3 aitd 13 are used to
mak e a I inc  phase ad jus tme n t for t h e
location of the measurements in the
n e x t  i t e r a t i o n .

- I .  The v a l ues  and  s e l ec ted  r a t io s  of
I i ,  12 , a nd I~ arc used to determine how
m a n y  cvr  les t o  move t h e  Q and I samp le
~~~()  j  fl ~ 

5 (I~~~ r 1 ic r  or la t (I1Y I 01’ t h e  nex t
s l I t  1 )1 sa m p les ,

-21.-
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The process repeats unt il the four pa irs of Q and
I samples rest on the first half cycle of the
f irst , second , th ird , and fourth cycles of the
pulse . When this occurs , the track status indi-
cator is changed fro m Sett le to Track .

Tests of the Settle subroutine have shown
that Settle will find the leading edge of the
pulse in about seven GRIs.

If the  pulse were an isolated sk ywave , Settle
would  t e r m i n a t e  at  i t s  l ead ing  edge . Consequen t ly ,
a t  the conclus ion  of Se t t l e , i t  may  be necessary
to pe r fo rm a g r o un d w av e  check . If the  pulse  is a
skywave , s a m p l i n g  can be done ahead of the pulse
by plac ing the Settle or Track samp le points to
d e t e c t  the  presence of an e a r l i e r  pulse .

The des ign of the Sett le subrout ine is
descr ibed in Appendix  F .

- ~
- TRACK

Upon complet ion of the Sett le subrout ine , the
fi rst of the quadrature samp le points for Sett le
is loca ted  a t  the  first zero cross ing of th e firs t
cyc le . The desired locations for the quadrature ,Si QT , and in-phase , IT , samples f or Track , therefore ,
are 30 and 32.5  microseconds lat er , respectivel y.

:1 These locations are recorded in the Track Table .

The QT and IT samples  f rom each pulse are
first decoded. Then the values t h a t  these samples
should have are predicted, based on their expected
values and t ime rates of change det ermi ned dur ing
the previous GRI . These predictions are compared
to the  QT and  IT samples  to d e t e r m i n e  er rors . The
error in IT is then compared to a maximum permis-
sible error and , if smaller , QT is then compared
to the same maximum permissible error. II either
QT or IT exceed the maximum permissible error ,
both are rejected . II both are s m al l e r , a counter

V 

is incremented indicat ing acc ep tance , and the
— values of QT and IT are summed w i th the accept ed

values of corresponding samples from other pulses
in a g roup of e i g h t .

-22-
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Wh en a l l  e i g h t  pulses  in a group are  processed
in th is m a n n e r , t he  expected v a l u e s  of QT and  IT are
determ ined for the current GRI and the locations of
t h e  sample p o i n ts  fo r  t he  next  GRI are p r e d i c t e d .
In  a d d i t i o n , expected v a l u e s  of t h e  g a i n  and  the
numbe r of pulses accepted are determined.

Next , t he  expected  v a l u e  of the  g a i n  is compared
to m inimum and m a x i m u m  l i m i t s  and  t h e  g a i n  fo r  the
nex t  GRI a d j u s t e d , i f  r e q u i r e d .  F i n a l l y,  the  QT
and IT error limits for the next GRI are adjusted
such  t h a t  t h e  expec ted  v a l u e  of t h e  nu m u e r  of pulses
accepted  in  a severe  n o i s e  e n v i r o n m e n t  w i l l  be foul’ .

The d y n a m i c  c h a ra c t e r i s t i c s  of t h e  t r a c k i n g  loop
ie sponse can be adjusted by assigning desired values
to  i t s  t i m e  c o n s t a n t  and damping  c o e f f i c i e n t . When
these v a l u e s  are 10 .5 sec . and 0 .707 r e spec t ive ly’ .
t h e  m a x i m u m  t r a c k i n g  e r ro r  due to noise  is expected
to be less than 5 nanoseconds .

The des ign of the Track subroutine is described
in  A ppend ix  0.

STATION ID

When three or more transmitting stations of a
c h a i n  are  in  t r a c k , a p o s i t i o n i n g  c a p a b i l i ty  can
be e s t a b l i s h e d  by c o m p u t i n g  t ime  d i f f e r e n c e s. To
do t h i s , i t  is I ir s t  necessary  to i d e n t i f y  t he
t r a n s m i t t e r s  so t h a t  the  des i red  t i m e  d i f f e r e n c e s
can be c o m p u t e d .  I t  is not r e q u i r e d  t h a t  t he
m a s t e r  t r a n s m i t t e r  be in t r a c k .

The Search and Track s u br o u t i n e s  produce  a
t a b l e  of da ta  r eg a r d i n g  t r a n s m i t t e r s  w h i c h  are
b e i n g  t r a c k e d .  Th i s  Track Table  is o r g a n i z e d
(I h l .on o l o gi c a l ly  in  t h e  order of t h e  t r a n s mi t t e r ’s
a p p e a r a n c e  in  t he  l o c a l  G R I .  Amon g o t h e r  t h i n g s ,

• t h i s  t a b l e  s to res  t h e  phase  code of each t r a n s m i t —
tei’ in  t r a c k .  I I  the transmitter in track i n —
e l u d e  t h e  m a s t e r , i t  can  he l o c a te d  in  t h e  t a b l e
by its unique phase codes . If the master is not
i n  t r a c k , t h e  ea r l  j es t  t r a n s mi t t e r s  in  the GRI
can be f o u n d  by l o c a t i n g  t h e  p l a c e  i n  t h e  table
w h e r e  t he  phase (lode changes  f ro m  t h a t  a s s o c i a t e d
w i t h  G R I - A  t o  GRI- 13 or v i c e  v e r s a .

-23 -
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The S t at i o n  ID subrout ine  uses the  approx imate
loca t ion  of the  i n i t i a l  pos i t ion  of the receiver
to ident if y the transmitters . This is done by
comput ing  the posi t ion of the receiver  for  each
combina t ion  of t r a n s m i t t e r s  in t rack taken  three
at  a t ime w i t h  each c omb i n a t i o n  of t r a n s m i tt e r s
taken three a t  a t ime . If the  computed receiver
position compares favorabl y w i t h  its given loca-
t ion , three  of the transmitters in track are iden—
t i f i e d . The process is repeated u n t i l  a l l  trans-
mitters in track are examined .

The ident it ies of all transm it ters w hich
have  been i d e n t i f i e d  as r a d i a t i n g  members of t he
c h a i n  are e s t ab l i shed  by recording in an ID t a b l e
the location in the Track Table of the transmitter ’s
pertinent data and the track status parameter is
changed to Track S t a t i o n . Those transm it ters
wh ich are in track but not identified are labeled
by changing the track status parameter to “Track
Spoof er ”.

The desi gn of the  S t a t i on  ID sub rou t i ne  is
described in Appendix H.

NEWTR ACK

As the  resul t  of i n i t i a l  search and se t t le ,
a l l  t r a n s m i t t e r s  which  have  s u f f i c i e n t  s igna l
s t r e n g t h  are in t r a c k . As the a i r c r a f t  f l i e s
th rough  the  service area , some of the  i n i t i a l
t r a n s m i t t e r’ s s igna l s  f a d e  and o thers  become
t r a c k a ble  as they  are approached . These new
transm itters bear a known relationship to the
t r a n s m i t t e r s  which  are in t r ack , and  the re fore
the  t ime  of a r r i v a l  of t he i r  s igna l s  w i t h i n  a
GRI can be p red ic ted .

The computer has stored in memory the locations
of all the transm itters in the chain. Of those
w h i c h  are  in t r ack , a t  least t h r ee  t r a n s m i t t e r s
are used f o r  n a v i g a t i o n , one of wh ich is used as
the reference . It is therefore possible to corn—
pu te  t he  t imes of a r r i v a l  of s i g n a l s  f rom trans—
m itters not i n  track relative to the reference .
At the  c o m p l e t i o n  of the computat ion , the new
transm it ter is ent ered int o th e T r ack  T a b l e  at
a posit ion wh ich bears  the  c o r r ect  c h ro n o l o g i c a l
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order in the local GRI . The track status is set
to Settle , ind ica t ing  tha t  t rack  is not yet
es tabl ished on the correct t rack ing  point .

The design of the  Newtrack  subrout ine is
desc ribed in Appendix I .

NAV IGA TI ON

When three  or more t r a n s m i t t e r s  are  in t rack  and
the  t r a n s m i t t e r s  have  been i d e n t i f i ed , the Super-
Receiver /Navigator  is ready to n a v i g a t e .  Position
data from the signals of any three transmitters in
track designated by the Contro l Program can be
used.

The guidance  pr inciples  embodied in the
Nav igation subroutine are those which are set
f o r t h  in Ref . 5 for  f ixed  course gu idance  between
designated waypoints. This reference also de-
scribes a number of other possible guidance modes ,
but these have not been incorporated in the Navi-
gat ion subroutine pending f inal  def in it ion of
Phase 2 appl ications for the Super—Receiver/
N a v i g a to r .

A i r c r a f t  gu idance  us ing the pos it iona l da t a
of a hyper bolic grid system involves frequent
coordi n a t e  conversion to orthogonal aircraft
coordinates . To ease the burden of these con-
vers ions on an a v i o n ic computer , a coord inate
convers ion t e chn iqu e was developed and published
in Ref. 5. It is a spher ica l  hyperbol ic  to p l a n a r
or t h o g o n a l  c ocr d i n a t c  t r a n s -f o r m a t i o n  and  is re—
f erred to as Loran Rectangular Coordinates. It
is used in the  N a v i g a t i o n  subrou t ine .

The Super-Receiver  -N a v i g a t o r  must  be loaded
with data prior to the computation 011 d i r ec t i ona l
gu i d a n c e .  These d a ta , among othe r  t h ings , de f i ne
the  loca t ions , base l i ne lengths , a nd s t a t u s  of
th e Loran t r an s mi t t e r s and t he f light program of
the  a i r c r a f t .  The t r a n s m i tt e r  locat ions are g iven
in earth centered orthogonal coordinates (see
Appendi x D) and the  s t a t u s  is e i t h e r  r a d i a t i n g  or
n o n — r a d i a t i n g .  The 1light program is a chrono-
logical tabulation of data which locate each
w a y p o i n t . The l o c a ti o n  d a t a  consis t  of a l l  the

-25-
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t ime d i f f e r e nc e s , t aken  w i t h  respect to the  c h a i n
mas te r , t h a t  app ly  to each waypo in t . In a d d i t i o n ,

-

I the input dat a  inc lude the  ranges f rom the  i n i t i a l  I
posi t ion of the  a i r c r a f t  to each of the  Loran
t r a n s m i t t e r s.

The Nav igation subroutine starts by establishing
a Loran Rectangular Coordinate system centered at
the centro id of the three transm it ters des ignate d
by the  Contro l  Program . Then t he  Lora n R e c t a n g u l a r
Coord ina tes  of the  Super Receiver  are  computed
corresponding to the  measu remen t s  of t ime  d i f f e r e n c e s
with respect to the  reference , i.e., the t rans mi t ter
associa ted  w i t h  the  e a r l i e st  t i m e  of a r r i v a l  of
the three . Th is t h e n  a l l o w s  th e prox imi ty  to the
baseline extensions to be determine d . If too
c lose , a warn ing is activated and the Su br o u t i n e
cont inues by compu t ing the cast ing and north ing
t ime rates of change  an d the fr equency of f s et
correct ion as derived from the local clock .

Finally, the subroutine computes the direc-
tional guidance for f ixed course navigation.
First the time d i f f e r e n c e s  of the  wa ypoints at
t h e  ends of the  c u r r e n t  leg of t h e  f l i g h t  are
de t e rmined  w i t h  respect to the  reference transmit-
ter , so that the ir Loran Rectan gular Coor di nates
can be de te rmined  in the  e s t ab l i shed  c o o r d i n a t e
sys tem . H a v i n g  done th i s , the t rue  course of the
p a t h  between these w a y p o i n t s  is d e t e r m i n e d.  Sub-
sequent ly ,  each time the  Super R e c e i v e r / N a v i g a t o r
measures i t s  t ime d i f f e r e n c e s , i t s  c r o s s — t r a c k
error  and a l o n g — t r a c k  d i s t a n c e  to t he  next  w a y —
point and their time rates of change are computed .
Heading error is also computed . In Phase 2 , values
of these  p a r a m e t e r s  would  be used to compute  manua l
s t ee r ing  or a u t o p i l o t  c o m m a n d s .

When the  a l o n g - t r a c k  d i s t a n c e  reaches  some
m i n i m u m  v a l u e , t he  f l i g h t  program a d v a n c e s  to t h e
next waypoint and the process repeats until ter-
minated by the Contro l Program. It is intended
t h a t  the  m i n i m u m  v a l u e  of the a l o ng — t r a c k  d i s t a n c e
be determ ined by the geometry of the turn required
to intercept the next leg of the flight as described
in  Ref . 5. This requires air data , and will be
accomp l ished d u r i n g  Phase 2 .  C on s e q u e n t1~~, t h e  V

c o m p u t a ti o n a l i ’out ine  r equ i r ed  to e s ta b l i s h  the
m i n i m u m  a l o n g — t r a c k  d i s t a n c e  has  not yet been written.

_ _ _ _  - - - -~~~~~~~~ - - --~~~-
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The design oi the  Phase 1 N a v i g a t i o n  s u b r o u t i n e
is described in Appendix J .

L. TV
2
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8. COMPUTER SYSTEM CHARACTERISTICS

FUNCTIONAL BLOCK DIAGRAMS

A f u n c t i o n a l block diagram of the  engineer ing
proto type  Super Rece iver/Navi ga tor  w i t h o u t  the
per iphera l  computer  equipment  is shown in Fig.  3.
The computa t iona l sof tware  block d iag ram is shown
in Fig. 4.

DATA INPUTS

The da t a  source is a pulsed 100 kHz Loran—C
s igna l . Eigh t  of these 100 kHz pulses , each 25
cycles in length , form a pulse group that is phase
coded to d i s t i ngu i sh  between mas ter  and secondary
transm itters . As shown in Fig . 5, up to seven
Loran-C transmitters can be transmitting in one
GRI . Depending on the Loran—C cha in , the GRI
varies from 39.3 to 100 milliseconds in length .
The specific value identifies the chain .

The data sampling points for the three basic
data input modes (Search , Settle , and Track) are
shown in Fig. 6. The time interval between an
amp litude and a phase data sample is 2.5 micro-
seconds , while the time interval between pairs of
data samples is ten microseconds . In the case
of Search , the data taken at the sample points
are preprocessed before transfer to the computer
as shown in Fig . 7.

COMPUTER HARDWARE

In order to minimize interrupt processing
time associated with each data sample and to
min imize buffer storage requirements , two hard-
ware requirements were established . First , direct
memory access channe ls would be used to transmit
the digi t ized data samp les , and second , hardware
priority Interrupts would be used rather than
software priority polling of one interrupt .

-29-
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V 11 V2. V 3, V4 FOR EACH CYCLE IS PREPROCESSED IN THE DMU TO GIVE AN

AND A 0 INPUT TO SEARCH EVERY 100/4 s

SEE FIGURE 7
SEARCH

1 P \J 1r \J / \J 1\~J
t’\J

r\~P \J r \~,f \J (\J
100 /.Ls

‘~1
DATA TRANSMISSION MAY BE 4 WORDS EVERY 200~is or 6 WORDS/300~~s or 8 W ORDS/400ps . ETC

V.RI ~~~~~ 
SETTLE

2 4 6 8 DMA EIGHT WORDS

1 Ia\& 3
~~~~~~\V ~~~~~~~~~~~~‘ ~~ 

DATA SAMPLES ~WORD S) 
EVERY 1000/Is FOR 

- •
~~ . 

-

40/Is ‘ -~~~I.. “I

2 TRACK

DMA TWO WORDS

1 
E V E R Y  1000/Is FOR
8000 /Is

H 10/I s }.‘a-

Fig. 6 DATA IN P U T  M O D E S
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Because of s ys t e m  t ime  requirements , the
computer should multipl y and d iv id e fo r f ixed
point as well as floating point operations . Th e
memory c yc l e  t i m e  should be one mi croseco nd or
less . To a v o i d  more c o m p l i c a t e d  i n d i r e c t  a d —
dress ing  schemes ( a n d  a s soc ia ted  o v e r h e a d )  and
excess ive  use of louble  precis ion a r i t h m e t i c , t he
~ Iord l e n g t h  should oe not less t h a n  16 b i t s .

The comput er should have a minimum of 16K
wor d s of core memory storage according to the
e s t i m a t e s  in Table  1.

All of the estimates of core storage listed
in Table 1 are based upon use in an engineering
prototype with the primary goal of r ap id ly pro-
duc ing a working system. Only minima l attempts
were made to produce a minin ’um core storage
vers ion . After the system is debugged and fi-
nalize d , the program can be revised with minimum
core storage as the primary goal .

Insofar as possible , estimates of the program
size have been based on subroi~t in e I low c h a r t s
and digital computer simulations . The estimates
for utilit y, math , and machine routines ~ir e  base d
on the core requirements for an  existing 16 bit
~Iord machine .

For conversion f rom the language used for the
simulations (PL I) to assembly language of an un-
known computer. the number of PL/I stateme n ts was
multip lied by three and five to produce a minim um
and maximum estimate . Then t he  number  of memory
locations required for that subroutine was added.
The estimates for each subroutine so calculated
are shown in Table 1 . Estimates for which flow
charts or other definitive descriptions do not

‘ xist are marked by an asterisk .

PERIPHERAL HARDWARE

The perip hera l hardware f o r  th e  engi n e e r i n g
p r o t o typ e  ( ‘o l i s i st  s of a t lea s t  the I (11 lowing items :
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Table 1

Core Stora ge Est imates

I t e m  16-Bit Words

Contro l Prograrn * 2000

Search 600 to 940

Settle 650 to 910

Track 260 to :;70

Statio n ID •15() to 670

N e w t r a c k  260 to  390
N a v i g a t e  ( F i x e d  course mode on ly )  1080 to 1930
Alarms* 200

Signal Canceller* 200

W a r n ings* 200

Interrupts 150
Progra mm ab le  Cl ock 150

Utility Routines : 0 to D, D to 0 ,
Bin—Oc t , etc . 250

Ma t h Rout ines : ABS , ATAN , SQRT , e tc.  250 to 500

Input s : Keyboard Parameter Inputs * 1000

Ou t p u t s :  Keyboard , Di g i t a l  Disp lays ,
L i g h t - ; , DMU O u t p u t s*  500

DebuI.~ 500

B o o t s t r a p  Loader
Cross L i I l k i  ng  L o a d er  2 W / I )

Ass I mb i c r  b o o

m d  Fec I A (idrCsses 500

Tuta 1s 122~ ()  I I )  I i::~w

* F1 I~ IS ~ h a V I s (I  
~ ( . hi ~ 

(I  fl() t be ( 1 1 1  ~~~~~~ 
I a - d .
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Card reader

Line printer

M a g n e t i c  t ape  and /o r  m a g n et i c  ~J s c

Keyboard input .

This hardware will allow the prototype computer
system to be independent . The system will be
capable of execut ing all input/output functions
necessary to assemble programs , l ist  programs ,
read in new progra ms , etc. without requiring

4 ope ra t i ons  by any  other data processing system .
For example , the  sys tem w i ll be ab le  to :

1. Accept punched cards as input .

2. List the assembled programs on the high
V 

- speed line printer .

3. Store programs on either the magnetic
t ape  and/or  the  m a g n e t i c  disc .

4. Read programs from the tape  and/or  disc .

5. Assemble programs , etc .

Use of this independent operat ion featur e
w i l l  f r e e  p rogrammer  and  System c h e c k — o u t  person—
ii el from the inevitable , somet imes very le n g t hy
t imes spent in te r fac ing with other data proces sing
sy stems . In addition , when the eng ineering pro-
t o t ype is f ie ld t e s t ed t h is f e a t u re w i ll perm it
field support of the technical effort. W ithout
it , intermediate results would have to be mailed
or handcarr ied from a centra l data process ing
system to the field test site.

COMPUTER SYSTEM SOFTWARE

I. 

The computer selected should  have available
all sottware required to a l l o w  the computer to
communicate with a l l  periphera l equipment such as
magnet ic tape (I1i~~1( I r , m a g n e t i c  d iscs , ii  ne p r i n t  (I I ~

k eyb o a rd .  ( It ( .  . I I) a ( I d i  t ion , t h e  sot  t w a  re shou I d
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include at least a cross—linking loader , an assem-
bler , a math packa ge , and an on-line software de-
bugging system ( i .e ., conversational debugging
program) .

The conversat ional debugging program is
espec ially important for t he engineering prototype
because of the complexity and size of the computa-
t ional program. Program changes and parameter
adjustments are a necessary part of program de-
velopment of a prototype . Wh ile program changes
shou ld be fewer for this system than for one with
no simulation before system integration and check-
out , most of the subroutine simulations have been
used to prove a concept rather than to make final
a d j u s t m e n t s . I n t e g r a t i o n  of the  s o f t w a r e , b o t h
at the subrout ine level and with the hardware ,
begins when the  sys tem is tu rned  on.  The con-
v e r s a t i o n al debugging  program is one of t h e  tools
that will expedite system integration and check out .

-38—
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9. PERFORMANCE PREDICTIONS

It has not been possible during Phase 1 to
explore in depth all of the performance parameters
that normally perta in to Loran receivers . For
example , it is not possible to characterize the
influence of signal—to—noise ratio in conventional
te rms because the ro le that this parameter plays
in the Super-Receiver/Naviga tor signal process ing is
not  conventional. How to characterize it is stil l an
open q u e s ti o n , and  t h is  qu e st i o n  m ay  have  to  be answe r-
ed experimental 1~’. Nevertheless , limited experience in
c~oIRpoite1 . S imu lat ioiis or the oper at  ion of the subrout ines
permits a few , fairly genera l performance predictions .

The Search subrout ine is called by the Control
Prog ram as many t imes as is necessary to recor d in
the Track Table that the required number of trans-
m i t t e r s  have been found . Each time it is called ,
the gain , wh ich star ts at the minimum level , is
increased , except when a detection has been made
in which case the gain is not changed f o r  a cross—
rate check. Should the receiver be turned on in
an area  where  t h e  signals of all the desired traiis—
m i t t e r s  are r e a s o n a b l y de t e c t a b l e , search would  be
complete in two GRIs. I all are not d e t e c t a b l e
at the  m i n i m u m  ga in  setting , gain is increased in
increments , the size of which is s t i l l  o p t i o n a l  as
a design parameter. If the minimum size of 1 dB
is se lected , the maximum time occupied by sea r ch
to suc cessfu l ly  det ect seven transm it ters ra diat ing
at the slowest Loran rate would be 10.7 seconds
assuming no cross rate interference present. II
cross r a t e  i n te r f e r e n c e  is present  and  t i m e d  so
t h a t  cross r a t e  s i gn a l s  appear  in e ve ry  OR! , the
maximum time occupied by search is 20 seconds.
Th is L5 th e lon gest search t i m e  t h a t  c o u l d  o c c u r .
It is expected that search will be complete in

• -1 or 5 seconds under n orma 1 opera t ing conditions
iii a pi~im ar \ 1  g r O U f l d W a V E’ service area

The Settle subrout £ne  is c a l l e d  by the Contro l
P r o g r a m  each OR! to l)1’o(~ess settle data 1 or each
transmit tei’ that h a s  been detected . The initial
settle data will hi obtained f rom samp les 1) 1  the
vo I t  ages on l i e  ~)u Ise b ecause  the 5~~)tflp le p o i n t s

— 3 9—

- -V-V-_~~~~V - • - -V V~~~~~~ I . V V -~~~~~ V - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~



-
~~~

THE JOHNS HOPKINS UNIVERSITY

APPLIED PHYSICS LABORATORY
SILVER SPRING M A R Y L A N D

are placed where the  search de t ec t i on  was made .
However , i t  is not yet known where the leading
edge of the pulse is located . As a r e su l t  of the
tests based on the relative size of the eight
consecut ive  samples of the  pulse , the sample points
are moved each GRI unless  a ga in  change  is requi red ,
unt il the earliest sample point  rests on the  lead-
ing edge of the  pulse . Tests of the Set t le  sub-
routine ind icate that settle will be comp leted
in about seven GRIs , which at the slowest Loran
rate occupies 0.7 second .

The Stat ion Identification subroutine success-
fully identifies all transmitters of a chain in
track . It is not  necessary that the master trans-
mitter be in track. Station Identification also
identifies stations which are not l e g i t i m a t e  mem-
bers of the  cha in . Station Identification is
ca l led onl y once after the required number of
transmitters are in track . Since its operation
is not necessar ily comp leted each OR! , its execu-
t ion t ime is only dependent on the nature of the
computer. Therefore it cannot be estimated at the
present time .

Operation of the New Track and Navigation
sub rou t ines  indicates faultless operat ion of bo th
can be expected when properly entered in th e
operat ional computer . Since operation of neither
of these subrout ines is t ied to the sequence of
GRIs , t he i r  execu t ion  t imes canno t  be e s t i m a t e d
u n t i l  a computer  is se lec ted .

Operat ion of the Track subrout ine under real
wor ld  noise c o n d i t i o n s  was s i m u l a t e d  on t h e
IBM 360/91 c o m p u t i n g  sys tem . Two cases were
r u n :

1. —6 dB signal to noise ratio

2. 28 dB signal to noise ratio.

Alt hough it was des irable to run many simulat ions,
economy of t ime and f u n d s  d ic t a t e d  t ha t  t he 1~UflS

be l i m i t e d  to those which  d e m o n s t r a te  the most novel
f e a t u r e  of t r a c k  p e r f o r m a n c e , i . e . ,  t h e  a b i l i t y to
track in real world noise .

_4()—
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A sample signal plus noise is shown in Fig. 8.
The data shown were obtained during the investiga-
t ions  reported in Ref . 6 . I t  is c lear  f rom the
Ref. 6 data and the data presented by the Interna-
tional Telecommunications Union in Ref . 8 that
noise in the 90 to 11.0 kHz band is not Gaussian.
In fac t , during the Ref. 6 investigations , no
ev idence of Gauss ian noise could be found , even
on the qu ie tes t  d a y s .

I t  is reasonab le  to conc lude t h a t  an assump-
t i o n  of Gauss i an  noise as the basis for optimiza-
t ion of track ing loop parameters is not valid .
Consequently, the Track Subroutine incorporates
non—l inear time domain filtering of the inputs
to the tracking loops to effectively cope with
no ise .

To test the effect iveness of the lilters and
the performance of the loops , a Track subroutine
signal—plus—no ise driver was written which simu-
lates noise; and it was used to drive the sub-
routine under two conditions . The first is that
tlie signal is 20 dB above Gaussian noise and ,
when the signal is samp led , there is a 50~probab ility of an interfering vo ltage fou r t imes
gr ea t e r  t h a n  t he sign a l . This noise condition
r esu l t s  in a signal to noise ratio of -6 dB. The
second cond ition is that the signal is 40 dB
above Gauss ian noise a nd , when the signal is
samp led , there  is a 10% p r o b a b i l i t y  of an inter-
fering voltage that is 40% of the signal voltage .
This noise condition results in a signa l to noise
r a t i o  of 28 dB .

The results obta ined in the simulat ion of a
stat ionary receiver driven by noise indicate that
the outputs of the track ing loops ar e esse n t ially
the same over the signal—to-nois€ ratio of —6 to
28 dB. The results also indicate that the phase
track ing ca pabili ty is somew hat bett er than the

• capability o c u r r e n t  Loran t r a n s m i t ter s  to con-
trol phase . Therefore , it can be predicted that
d e v i a t i o n s  in the  o u t p u t  of the  t r a c k i n g  loops
during operation in the existing Loran—C service
w i l l  be d o m i na t e d  by t h e  c h a r a c t e r i s t i c s  of t he
t r a n s m i t t e rs .

_ Il l~~
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Appendix A

SYSTEM SPECIFICATION FOR THE LORAN
SUPER RECEIVER/NAVIGATO R

1. INTRODUCTION 
V

The f o l l o w i n g  paragraphs describe the electical
env ironment w h i c h  t y p i f i e s  th e  Loran— C/D f r e q u e n cy
hand. Goals for the performa nce character ist ics of
var ious subsystems which const itute the complete
Super Receiver/Navigator are also described. The
overall goals follow .

1 . Data ed iting : 30 dB advantage .

2 .  Precision instrumentation : 1 nanosecond
resolution .

3. Re l i ab le , rap id  lock—on:  average  t ime
of 5 seconds w i t h  l 0 ’~ % f a l s e  lock .

4. Accurate phase track : less than 10
nanoseconds s t a n d a r d  d e v i a t i o n .

5. S i m p l i f i e d  coord ina te  c o n v e r s i o n :  less
than 200 words .

6.  R e l a t i v e  n a v i g a t i o n :  pos i t ion  error
less than 0.1% distance to go.

7 .  Enrou te  a l t i t u d e : 20 mete rs  s t a n d a r d
d e v i a t i o n .

8. Approach and depa r tu re  a l t i t u d e : 2
meters plus 2% of height above the
ground  s t a n d a r d  d e v i a t i o n .

2. ELECTRICAL ENVIRONMENT AND DEFINITIONS

2 . 1 Loran—C. Loran-C is a long- range ,
high—power , precision navigation system employing
automa tic envelope and RF cycle comparison tech-
niques . It operates in the frequency band 90 to
110 kHz with a carrier frequency of 100 kHz .

~~~1l 7—
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Group pu l s ing  techniques  are used in l ieu of
single pulse transmission to raise the averagc
t r a n s m i t t e d  power . E igh t  pulses per group are
used at each secondary transmitter and nine
pulses per group at the mas t e r  t r a n s m i t t e r . The
pulses of the  group are phase-coded;  i . e . ,  the
carr ier frequency cycle phase relat ionship w ith
respect to envelope is changed from pulse to
pulse in a group as prescribed for Loran-C . Phase
coding provides the signal identification re-
quired for automat ic signal ac quis it ion and
ach ieves subs tant ial automat ic cancel lat ion of
skywave interference. A Loran—C chain , consisting
of one master and two or more secondary trans-
m i t t e r s , opera tes  on a sing le specific group
r e p e t i t i o n  r a t e .

2 .2 Loran-D.  Loran —D is a s h o r t — r a n g e ,
low—power n a v i g a t i o n  sys tem em p l o y i n g  the same
a u t o m a t i c  envelope and RF cycle comparison tech-
niques as Loran-C . It operates in the frequency
band of 90 to 110 kHz w ith a carr ier frequency
of 100 kHz . I t  uses group pu l s ing  ( s i x t e e n
pulses/group) techn iques to ra ise the average
transm itted power. The pulses of the group are
phase-coded as prescribed for Loran-D.

2.3 Group Repetition Interval (GRI). The
GRI is the  i n t e r v a l  of time between the start of
the  r a d i a t i o n  of a group of pulses f r o m  one t rans-
mi t ter to the start  of the next group of pulses
from the same transm itter. A total of 40 dif-
f e r e n t  GRIs a re  possible , i d e n t i f i e d  by one or
two letters and a numeral , e.g., SL-2 signifies
a GRI of 79,800 microseconds. The GRIs in
microseconds are  as fo l lows :

LORAN-C ONLY LORAN-C AND LORAN-D

0 100,000 80,000 60,000 50,000 40,000

1 99,900 79,900 59,900 49,900 39 ,900

2 99,800 79,800 59 ,800 49,800 39 ,800

3 99 , 700 79 , 700 59 , 700 49 , 700 39 , 700

4 99 , 600 79 , 600 59 , 600 49 , 600 39 , 600

— - 18- 
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LORAN-C ONLY LORAN-C AND LORAN-D

5 99 , 500 79 , 500 59 , 500 49 , 500 39 , 500
6 99 , 400 79 , 400 59 , 400 49 , 400 39 , 400
7 99 , 300 79 , 300 59 , 300 49 , 300 39 , 300 

- 

-

2.4 Master Transm itter. A Loran master
transm itter is one of the group of Loran trans-
mitters comprising a single Loran—C chain. It
has the burden of precisely maintaining its as-
signed repetition interval and carrier frequency
and of mon itoring the synchronization , accuracy,
and stability of its paired secondary transmitters.

2 . 5  Secondary T r a n s m i t t e r .  A Loran s e c o n d a r y
transmitter and a master tran~~iitter comprise a
Loran pair. A secondary  has t he  burden  of main-
t a i n i n g  an a c c u r a t e  f ixed de lay  between the re-
ception of master and transmission of its own
signal , and of monitoring the time difference of
the other signals having the  same GRI ,

2.6 Chain. A Loran chain consists of a
m a s t e r  and  up to six secondaries. The chain is
identified by its GRI .

2.7 Time Difference. Time d i f f e r e n c e  is
a measure of the time in microseconds between the
reception of the signal designated as the re-
le r e n c e  and the sign a l  from a s e c o n d a ry  in the
same GRI .

2.8 Loran—C Pulse Group. A Loran-C pulse
group cons is t s  of eight phase—coded pulses f rom
any secondary transm i t ter or nine from a m a s t e r
transm itter. The first eight pulses are spaced
every  1000 microseconds w ithin t he group. The
ninth pulse f rom a master is spaced 2000 micro-
seconds relative to the eight.

2.9 Loran—D Pulse Group . A Loran-D pulse
group consists of 16 phase—coded pulses spaced
every 500 mic roseconds

V — -V--V-V — ——--V
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2.10 Phase Coding. Phase coding consists
of inverting the phase of the RF cycle relative
to the transmitter frequency standard from pulse
to pulse in accordance with the codes specified
in the follow ing tables. tn these tables , (+)
indicates in phase with the frequency standard ,and (-) indicates 180° out of phase . During one
GRI , Loran— C t r a n s m i t s  the  GRI-A phase code ; then
during the next GRI , the GRI-B phase code . This
sequence is then repeated . Loran—D transmits
GRI—A , GRI—B , GRI-C , and GRI—D in succession and
then repeats .

Loran-C Phase Code

MASTER PULSES

GRI 1 2 3 4 5 6 7 8 9

A + + - - + - + - +

B + - - + + + + ÷ -

____  
SECONDA RY PULSES

GRI 1 2 3 4 5 6 7 8

A 1- + + + + - - +
B + - + - ÷ ÷ - -

Loran-D Phase Code

____ 
MASTER PULSES

GRI 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

A + + ÷ +  + - - 1-  + - + + -

B + +  +  + + - 1-  - ÷ - + + + -

C +  ÷    - ÷ + - - - + + - -
D + ÷ ÷ + + + + + - + +

- 50-
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SECONDARY PULSES
(Outs ide Coding Delay

____ 
22 ,000 - 32,000 Microsecond Range)

GRI 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

A + + + - + + + + + - - + - + + ÷
B ÷ - - + + - - - ÷ - + + - + - +
C ÷ - + + + - + - + + - - - - + -

D ÷ + - - + + - ÷ + + + - - - - -

SECONDARY PULSES
(Within Coding Delay)

I 
22 ,000 — 32 , 000 Microsecond Range)

GRI 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

A + + + - ÷ + + + ÷ + - - - - + -
B + + - - + + - + + - + + - + - 1-

C + - + + + - + - + - - + - + + +
D + - - + + - - - + + + - - - - -

2.11 Secondary Transmitter Blink. Secondary
blink transmiss ions indicate a malfunct ion or
discrepanc y in ground system timing accuracy. All
secondaries in a Loran—C chain have a common blink
procedure which consists of dropping the fi rst
two of the eight secondary pulses for 0.2 to 0.35
second every four seconds. No position shifts
of the pulses occur . Secondary transmitters in
the present Loran—D cha in drop the first four
of th e s ixteen secondary pulses  w it h no “ON” time .

2.12 Loran—C Pulse Shape. The Loran—C
pulse is d e f i n e d  as :

S(t )  = A (t /tp )C eC(l_t/tP) sin(2~~l0
5t+~+E),

where :

A — A parameter which is a i u n c t  ion o f
distance I rom the radiating antenna
and of propagation condit il ns .
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C — A constant , t ypic a l ly 1.5 to 2.0,
~~signed by appropriate Coast Guard
Operation Order. Current value i~,2.0 .

t - T ime in microseconds.

t p  — Time of pu l se  peak , t y p i c a l ly  60 -
75 mic r o seconds  a f t e r  s t a r t  of
pulse .

— The c a r r i e r  phase r e l a t i v e  to t h e
frequency s t a nd a r d  w h i c h  is set to
O or depending on phase code .

e — Abso lu te  enve lope  to cycle phase
difference e = 2’-l05(EDo+EDp ) =

2’— l0~ (ED)

EDo - Transmitted absolute envelope delay.

EDp — Propagated absolute envelope delay .

ED — Tota l  observed a b s o l u t e  enve lope
d e l a y  at  t he  r e c e i v e r  l o c a t i on .

The term sin(2--l05t+~+e) represents the carr iera nd the term A( t  /tp)C ec( t t / t p )  represents  the
modulat ion , i.e ., pulse shape .

2.13 Loran—D Pulse Shape. The Loran—D
pulse  is d e f i n e d  by the same equation as Loran-C
(par. 2.12) with the values o the coefficients
set to Loran—D values. The values of the coef-
ficients are c u r r e n t l y  under  c o n s i d e r a t i o n  b y
the A ir Force.

2.14 Signal Level. Loran signa l level is
defined as the RMS v o l t a g e  of a continuous wave
signal having the same amplitude as the peak
amplitude of t h e  pu l s e  e n v e l o p e .

2.15 Peak Radia ted Power. The JIcak r ad i a t ed
power of a Loran t r a n s m i t t e r  is de f i n ed as the
power of a c o n t i n u o u s  wave signal havi n~ t h e  s a r n ( 1
amplitude as t h e  p eak  amp litude of t h e  pu h-i e
( 1  f l V( 1  lope . The m a x i m u m  peak i - a d  LIt  cc] p o w(l  1’ I I I

g
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existing Loran—C transmitters , when operating
under normal conditions , is 250 ki lowatts to
3.0 megawatts . Future Loran—C transmitters/
a n t e n n a s  are  not  expected  to exceed 3.0 megawatts
peak power . The maximum peak radiated power of
existing Loran—D transmitters is 10 kilowatts .
Future Loran—D transmitters may radiate sub-
stantially more power: 30 kilowatts is currently
u n d e r  discussion in connection with the procure-
ment of new Loran—D equipment.

2. 16 S i g n a l — t o — N o i s e  R a t i o .  S i g n a l — t o —
n o i se  r a t io is de f ined as the  square  roo t of t he
rati o of the power of a continuous wave signal
la y i n g  the same peak—to—peak amplitude as the
RF ( Iv ( I l ( Is  a t the peak of the Loran pulse , to
t h e  1 I I I \ ~& I 1 I  of t he  noise signal as measured through
a ~ in~~1r pole LC band—pass filter of unity gain
a t  100 kllz a nd 3dB bandw idt h  of 20 kHz ± 0.5 kI-lz .

2 . 17 S i g n a l — t o — I n t e r f e r e n c e  R a t i o .  S i g n a l —
t o — i n t e r f e r e n c e  r a t i o  is d e f i n e d  as the square
root of the r a t i o of the power of a continuous
~ av v  si g n a l  h a v i n g  t h e  same p e a k — t o — p e a k  ampl i -
t u d e  as t h e  RF cy c l e s  a t  the peak of the Loran
pulse , to the power of the interfering signal .

2. 18 Continuous Wave Interference (CWl)
CWI i n c l u d e s  b o t h  u n k e y e d  and key ed signals.
K ey ed CWI tr an sm it s data at a rate o f 50 to 100
bi ts per second w i t h  a d u ty  f a c t o r  of 501;.

2.18.1 Frequency Shift Key ing (FSK).
FSK signals arc considered to be the equivalent
of two keyed CWI signals at  d i f f e r e n t  f r e q u e n c i e s .

2.18 .2 Non—Synchronous Interl erence .

~
wI1_ svuc1hronous CWI refers to any  interfering

CW f r e q u e n c y  t h a t  does not co inc ide  w i t h  a spec—
t i-a 1 l i n t  of t h e  Lo ra n pulse . Non—sy nchronous

j • 4 I (I~~~~( I f l ( Y~~~~(_I5  i ~~~~ 1 ude su b — s y n c h r o n o u s  f r e q u e n cy
Of)e i’a t ion . I t  h odd and (I~/ C n  sub—s ync hr on ou s
I ~ ~~~~~~~~~~~~~ 

( S  app 1 v . Odd sub—synchronous I ye—
f l , • n c j e s a l e  d c l  m e d  as an1 I r eq u en ( y w h i c h

l u  the s a me  phase evel’\- odd integei’ of

~ oy m o l t-  1 1 ( 1 1 ) 1 . 1  i t  i l u l  r a t e s  (3 .  5 1 7 , ( I t ( I .)  E v e n
5 U t ) — 5 ~~~7 I I h1 ’O 1 i O U 5  r( 11!i 1 ( ’ l) .C  ics  are cle f  i ned as ‘ * n v

— s :~ —
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f r e q u e n c y  w h ic h  appears  in the  same phase every
even i n t e g e r  of 4 or more r e p e t i t i o n  r a t e s  ( —I ,
6, 8, etc.).

2.18 .3 Synchronous Interference .
Synchronous CWI refers to any interfer ing CW
frequency which has a frequency that coincides
w i th one of the spectra l lines of the Loran
t r a n s m i s s i o n.  Odd s y n c h r o n o u s  i n t e r f e r e n c e  re-
lei’s to a n y  interfering frequency that coincides
with one of the spectra l lines in the transmission
of the odd numbered pulses of a pulse group . Even
synchronous interference refers to any interfering
frequency that coincides with one of the s p e c t r a l
lines of the transmission of the even iiumbered
pulses of a pulse group .

2 .19 Search and Settle Time. Search and
settle time is defined as the total time ne~~ c1s-

sa ry  a f t e r  w a r m u p  to a c q u i r e  Loran g r o u n d w a v e
s igna l s  and  provide  correct  pos i t ion  i n f o r m a t i o n
in Loran time differences , including a n y  valida-
t ion t ime required a fte r  the “final” adju stment
on each  s i g n a l .

2.20 Envelope-to-Cycle Delay (ECD). ECD is
d e f i n e d  to be the d i f f e r e n c e  in phase of t h e
c a r r i e r  of the  Loran pu lse , 9 , r e l a t i v e  to t he
phase of the Loran pulse (as defined in par. 2 .12)
when 9 0 multiplied by 2i~l05 .

2.21 Differential ECD. D i f f e r e n t i a l  ECD is
d e f i n e d  to be ECDS-E(’ DM where  ECOM is d e f i n e d  to
be ECD of the master and ECDS is the ECD of the
secondary .

2 . 2 2  A t m o s p h e r i c  N o i se .  A t mo s p h e r ic  n o i s e
c o n s i s t s  of the sum of t h r e e  ty p e s  ( i f  no i se  as
jo 1 lows :

1 . isolated impu ises of r e l a t i v e ly
hi gli amplitude a tid ye la t i ye ly  rare occurrence

I
— 5 1 —  —
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2. randomly occurring bursts of
impulses during which time the impulses are of
random ampl i tude and random spac ing but generally
of lower amplitude and much higher occurrence
rate than the isolated impulses ; and

3. still lower amplitude , but
cont inuous Gaussian noise .

All impulses which form noise types 1 and 2 are
approximately r e c t a n g u l a r  in shape an d have  a
time width of 14.3 ± 1 .0 microseconds in or der to
deliver nearly constant spectral density of a
band—pass filter tuned to 100 kHz . The following
descr ipt ion ind icates relat ive ampl itude levels
an d probability of occurrence of all noise gen-
erators making up the three types of noise . The
absolute levels are related to the reference level
through the signal-to-noise ratio and the signal
leve l .

Relat ive Amplitude , dB Probab ility of Occurrenc e

2E-20
—8 I 2E-l7

—17 1 2E-l4
—28 )Isolated impulses 2E-ll
-38 1 (type 1) 2E—9
-51 I 2E—7
-60~ 2E-6

- l0”~ 2E-7
—16 1 2E — 6
-21 ~ H ighes t  levels w i t h i n  2E-5
-25 ( bursts of impulses (type 2E-4
-281 2) having 10dB spread 2E-3
_ 30J within each burst . 2E-2

-66 Gaussian (type 3) Continuous

2 . 23 Communication. Some L or a n - ( ’  chain s
are’ used for communication at a low data rate by
mea us of phase modu Ia t ion f rom pu istI to pu I se.
There  a i’e two ty p e s  of m o d u l a t i o n :

-55-
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1. C l a r i n e t  Pil gr im Loran C o m m u n i c a t i o n s

a . ± 30 0 to ± 45 0 phase sh ift

b. Six and eight pulses modulated

c .  All transm it ters modula te d
i d e n t i c a l ly each GRI .

2. Coast Guard Loran Communications

a . ± 27° phase  sh if t

b. Eight pulses modulated

c . One transm it ter  modulated or
all transmi t ters modulated
ident ically each GRI .

2 .24 Cross R a t e  Signals. Cross rate signals
are s i g n a l s  f rom transmitters operating at pulse
r epe t i t i on  i n t e r v a l s  different from that of the
desired Loran signals . The effect of these cross
rate signa ls is to occasionally be coincident with
the  desired s i g n a l s .  When t he  desi red r a te  a n d
cross rate group repetition intervals have no com-
mon multiples of 100 microseconds , the effect of
the cross rate signal is minimized. For design
purposes , one crossing rate signal may be assumed
to be present and equal in a m p l i t u d e  to t he  h i g h e s t
level signal being tracked , and the chain rate of
this crossing rate signa l is to be incoherent with
t he  cha in r a t e  o t h e  sig n a l s  to be r e c e i v e d  ( i .e . .
there is no common multip le of 100 mic roseconds  in
the grou p repetition intervals) .

2 .25 E l e c t r o n i c  C o u n t e r m e a s u r e s  (ECM ) . When
Loran  is used for mi litar y purposes , uni riend lv
fo rces  m a y  a t  t e m p t  to degrade t h e  perlorma nec
capabi lity of Loran u ser  equipment by j u t  ( l n t  io na  l i v
r a d i a t i n g  i n te r l e r e i n g  s i g n a l s . There  a re  t h r e e
ECM op t ions  open to  t h e m :

1 . Radiat e no i st  - 1 t he 90—il )) k II, ha ui d

2 . R I d  1 at t (1~~~ 1111  ~ ~ I - r I  -

.1 . R. I( I 1 .l ) ( 1  f . ~ 1 — ~ 
- l o i ’ i n  ‘-. i e n a  I s .

I
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Whethe r unfr iendly forces would resort to ECM , or
w h a t  fo rm it would t ake , is not k nown .

2 .26 S igna l  Ve loci ty  and  A c c e l e r a t i on .  The
max imum rate of change of the t ime arr ivaT of a
Loran pulse from any of the trans mi t ters of a cha in
is ± 2 microseconds per second . The max imum rate
of change of the rate of change of the time of
a r r i v a l  is I 0.2 microsecond per second per second.
These values correspond to an aircraft fly ing at
a true air speed of 600 meters per second toward
or away from a tra nsmitter and making at least
a 90 0 , 6 g turn . Since the basel ines for med by
th ree  t r a n s m i t t e r s  of an  o p e r a t i o n a l  t r i a d  never
for m a stra ight line , these max imums are never
realized s imultaneously with respect to all three
t r a n s m i t t e r s.

2 . 27 Loran S i g n a l  Levels .  The s i gn a l  levels ,
as measured at the terminals of a rece iv ing a n tenna ,
r ange  f r o m  2 . 7  m i c r o v o l t s  to 0.27 v o l t s.  The max-
i m u m  signal level differential between the received
signals of any two transmitters is 100 dB . Sky-
waves may be present hav ing a minimum delay of 35
microseconds  and 6 dB g r ea t e r  peak a m p l i t u d e  t h a n
the groundwave . Skywaves may be present having a
delay of 50 to 60 microseconds and a 14 dB greater
peak amplitude than the groundwave ,

3 . RADIO FREQUENCY UNIT ( RFU)

The RFU includes the an tenna  coupler , b a n d —
pass f ilter , signal canceller, step attenuator ,
band—pass amp lifier , and  t he re qu ired ca b l ing to
connect these sect ions to the antenna , to ea ch
other as required , to the  Digi t a l  Measu remen t
Unit (DMU), an d to the computer .

• 3.1 Phase Distortion. The goal of measuring
time differences with less t h a n  a 10 nanosecond
s t a n d a r d  d e v i a t io n  ( p a r .  1) p l aces  s t r i n g e n t  re-
quirements on phase  d i s t o r t io n  d u r i n g  si g n a l  pro-
ce s sing . C o n se q u e n t ly ,  i t is r e q u i r e d  t h a t  t h e
t i m e  d e l a y  t h r o ug h  t h e  RFU not vars’  more than 2
nanoseconds  w h i l e  t he  si g n a l  l evel  v a r i e s  t h r o u g h-
o u t  i t s  r a n g e  fo r  a n y  frequency be tween  90 and
110 k}I~’.

— 57-- 
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•
3 .2  A n t e n n a  Coupler.  The a n t e n n a  coupler is

containe d in a separate chassis that ‘-an be mounted
close to the  ou tpu t  t e r m i n a ls of the receiving anten-
na. Its primary purpose is to match the impedance
of the  a n t e nn a  to t h e  f o l l o w — o n ~a bl i n g  so t h a t
subsequent  noise c o n t a m i n a t i o n  of the  desired s igna l
during transmission is negligible .

3 .2.1 Inpu t Signa l Voltage Limits.
The v o l t a ge level  of t h e input Loran signal to the
a n t e n na coupler  is the  lev el indic a t e d in p ar .  2 . 2 7 ,
attenuated by a minima l length of connecting cable .
Typ i c a l  i n s t a l l at i o n s  p lace  the  a n t e n n a  couple r
within 3 f e e t  of the  antenna terminals. The input
signal level due to atmosp her ic noise , such as
lightning a n d  precipitation static , is a large bu t
u n k n o w n  number  of dB g r e a t e r  t h a n  t h e  m a x i m u m  Lo ra n
signal lev el.

3.2.2 Gain. The a n t e n n a  couple r
v o l t a g e  g a i n  is to be 10 to overcome noise con-
tamination during sign a l  t r a n smi ssion to the  next
section of the RFU and to match the next section
input level requirements. The antenna coupler
must be capabile of driving up to 100 f e e t o f c a b l e , a

3.2.3 I m p e d a n c e  M a t c h .  The a n t e n n a
coupler  inpu t impedance  is to be 30 ~~ f in pa ra l l e l
with 500 K . This impedance is not  intended to
match the antenna reactance but to present a li ght
load to t h e a n t e n n a  an d ma i n t a i n a h i gh si gna l
vo l t age  l eve l . The a n t e nn a  c o u p l e r  o u t p u t  i m p e d a  i c e
is to be 100 - a nd is to be c a p a b l e  of d r i v i n g  a
100 ba lanced  t r a n s m i s s i o n  l i ne ,

3 .2 .4 S a t u r a t i o n  C h a r a c t e r i s t i c s.
A tmosphe r i c  noise can be expected to drive the
a n t e n n a  co u p ler i n t o  sat u r a t  ion. It is requ ired
t h a t  the  coup le r  recover  f ro m  s a t u r a t i o n  w i t h i n
2 microseconds.

3.3  Ba n d — p a s s  F i l t e r .  The junction of the
b a n d — p a s s  f i l t e r  is to pass t h e  desi red  L o r a n — C
s i g n a l s  a n d  a t t e n u a te  si gna is o u ts i de  t h e  L o r a n — C
signal bandwidth . The t o ta l  I r e q u en c y  b a n d w i d t h
of the RFU a ui d t he o u t  — 0 1 — h a n d  a t t en u a  t iou rat (

a re  the sums of t h e  b a n d — p a s s  I j I t  ( 1 ’  ( ‘h a r a c t e r i s t  1 s
a n d  the ha uid — p a ~~ amp Ii 1 Ic 1’ cha  r a e  t el _ i st 1 c 5
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3.3 . 1 B a n d w i d t h .  The b a n d — p a s s  f i l t e r
bandwidth (3 dB) is 85 kHz to 117 kIlz .

3 . 3 . 2  Ripple  in Pas s—band . The r ipple
in the pass— band is to be less t h a n  1 dB.

3.3 .3 Out-of -Band Attenuation Rate .
The out-of -band attenuation rate is to be such
that at least 15 dB attenuation is achieved at
80 kllz and 125 kHz .

3 . 4  Si gna l C a n c e l l e r .  The f u n c t i o n  of the
signa l canceller is to attenuate undesired CW and
FSK signals within a frequency range of 80 kHz
to 125 kllz . One s i g n a l  c a n c e l l e r  is r e q u i r e d  f o r
each  i n t e r f e r r i n g  si g n a l .

3 . 4 . 1 Signal Amplitude Range . The
s i g n a l  c a n c e l l e r  is to be e f f e c t i v e  against unde-
sired s i g n a l s  w i t h  amp l i t u d e s  be tween  100 ~V and
100 mY RMS measured  a t  t h e  an t e n n a  coup ler i n p u t .

3.4.2 Signal Attenuad on . The
signa l cance l l e r  is to prov ide at least 30 dB
a t t e n u a t i o n  of t h e  u n d e s i r e d  s i g n a l  a! t e r  t he
ampl itude (CW signal) or frequency (FSK signal)
t r a n s i e n t  is o v e r .

3 .4. 3 Operat ion. The s ignal can-
celler t ime of opera t io n is to be controlled by
t h e  computer . Dur ing  o p e r a t i n g  time , the signal
canceller will automaticall y search and phase
lock to the  i n t e r f e r i n g  s igna l .

3.5 Step Attenuat or. The RFU total gain
is con t ro l l ed  by a s t ep  attenuator. The step
attenuator attenuat ion level is to be controlled
b y t he  computer .

3 .5 . 1 R a n g e . The step attenuator is
to be ca pable of  a n y  a t t e n u a t i o n  b e t w e e n  ie ro  and

~ 0O dB in I dB steps .

3 .5 . 2 S w i t c h i n g  Time . The t i m e
r e q u i r e d  to c h a n ge  a t t e n u a t i o n  f r om one l eve l  to
a n o t h e r  is to be 1 ms 01’ less.

3 .5 3 F requency  R a n g e  . The l r e qu e n c y
i’a i i ) ~e o l  o p e r a t io n s  is to be DC t o  100 MIL’

_
V~~~) _
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3.6 Band-pass  A m p l i f i e r .  The funct ion of
the band—pass amplifier is to p r o v i d e  most of t he
vol t a ge ga in and ha lf  the f r e q u e n c y  s e l ec t i o n
require d in the RFU .

3 .6 . 1 G a i n .  The b a n d - p a s s  a m p l i f i e r
voltage gain is to be at least 105 .

3.6,2 Out put  Sig n a l . The maximum
output signa l required is 2 V RMS .

3.6 .3 Bandwidth. The band-pass
amplifier bandwidth (3 dB) is to be 85 kI-[ z to
117 kllz .

3.6.4 R ip p le  in Passban d . The ri pp le
in the passband is to be less than 1 dB.

3.6 .5 O u t — o f — B a n d  A t t e n u a t i o n  R a t e .
The o u t - o f - b a n d  a t t e n u at i o n  r a t e  is to lie such I -

t h a t  a t  least  15 dB a t t e n u a t i o n  is a c h i e v e d  a t  I I  
-

80 kllz and  125 kHz ,

4 . DIGITAL MEASUREMENT UNIT

The function of t h e  D i g i t a l  M e a s u r e m e n t
U n i t  ( DMU ) is to di gitiLe samples of the RFU wave— 

- 

-

f o r m  a t  selected t imes  and  t r a n s f e r  these  sample
v a l u e s  v ia a d i r e c t  memory access c h a n n e l to t a b l e s
in  t he  c o m p u t e r  memoi -v . The c o m p u ter  processor
c o n t r o l s  the  DMU fu n c t i o n  by p r o v i d i n g  the  fol-
lowing  o u t p u t s  to d a t a  f i l e s  in t h e  DMU : r e q u i r e d
t i m e  i n t e r v a l s ,  mode sequence words , memory table
addresses , and memory table block lengths . The
DMU uses the time interval and mode sequence d a t a
to preset a synchronous di gital (‘lock dr iven b
t h e  s t a b l e  o s c i l l a t o r, to c o n t r 1 a n  a n a l o g — t o —
d i g i t al  c o n v e r t e r  s a m p l e  t i m i n g . a n d  to contro l
the operat ion of a measurement processor . The
output of the m e a su r e m e n t  p rocessor  r e p r e s e n t  i !1).~
in—phas e (I) a n d  q u a d r a t u r e  (Q) components o.l the
RF w a v e l  orm is t h en s ( In t  to t he  co m p u t e r  memory
u s i n g  the dat a in t h e  memory address and m em o r y
b l o c k  l e n g t h  I i I e s  . T u e  DMU s l ia  11 a 1 low mu I t  ip  Ic
samp le m e a s u r e m e n ts  v1 i t h in submi  i i i  s (’COild j n t e l  r v a  Is
wh 1 1 - k e e p i n g  compu t e r i n p u t — o u t p u t I I~ e i-hea (1 t I )
less t h a n  I’~ . Su 1 1 1 e i - n t I ii I or m a  t I on sh a 1 1 ne

I ” ) —
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accepted by the DMU data files so that the computer
need not u p d a t e  these f i l e s  at  i n t e rv a l s  of less
than 10 milliseconds.

4 .1 Ana log  Signa l  Vo l t age  Limi t s. The
input voltage range is to be +5 to —5 volts .

4 .2 Modes. The DMU is to operate in at least
three modes: Search , Settle , and Track. The
principa l distinctions are that in the search mode
the I and Q output data are the pre—processed sums
of the voltage measurements of ten consecut ive
cycles of the signal . In the settle mode , the
outpu t data are the voltage measurements of four
consecutive cycles. In the track mode , the output
data are the voltage measurements of each c ycle .

4 , 3 Measurements .  The measurements  consist
of sampl ing the signal in such a way that the I
and Q components can be determined for at least
four consecutive cycles in the settle mode , and
for ten consecutive cycles in the search mode . In
the set t le and track modes , the I and Q measure-
ments of each cycle are to be converted to binary
numbers for transfer to the  processor , and  these Y 

-

b i n a r y  numbers  are to be scaled to the  ana log
voltages in such a way as to allow the resolution
of time to about 2.5 nanoseconds. Positioning
of the measurements with respect to the signal in
any mode is to be controlled by the computer pro-
cessor . In the search mode , the summed measure-
ments of ten consecutive cycles pre-processed to
produce I an d Q will be converted to binary form
for transfer to the processor .

4 . 4  Osc i l l a to r .  The m e a s u r e m e n t  sequences
are to be controlled by an oscillator having a fre-
qu e n c y  of 51.2 Nmz ± 1 Hz. This oscillator nust
not v a r y  in  f r e q u e n c y  more t h a n  1 p a r t  in  l0~ over
a period of 4 seconds nor more t h a n  1 p a r t  in  108
per day .

5 . COMPUTER CONTROL , AND DISPLAY UNIT

The Compu ter Control and Display Unit consists
of a digital computer with appropriate memory com-
ponents , contro l and i n d i c a t o r  components , an d t h e
components required to satisfy t h e  interface

_I I 1 —
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re qu ir emen t s  of nav iga t ion gu idance in s t r umen t s
and /or autopilots, The Phase 1 Super Receiver/
Nav igat or des ign does not i nc l u d e  the out put
in t e r f a c e  compone nt s , these will be deferred
un t il the instruments and autopi lot are d ef i n ed
in c o n n e c t i o n  w i t h  t he  nex t  d e v el o p m e n t  ~ ha~- e .

5.1 Compu t e r  Al gorithms. The program of
c o m p u t a t i o n s  to be performed by the computer will
cons ist of a Con trol Program and a librar y of
subroutines, These subroutines are Search , S e t t l e ,
Tra ck , S t a t ion Ide n t if ic a t ion , N e w t r ack , Navi gate ,
and  W a r n ings.

5 . 1. 1 Con t ro l Program . The Co n t r o l
Program w i l l  c a l l  t he  next  s u b r o u t i n e  to be
executed and specify its initial conditions . It
also accepts and stores the initial conditions
imposed by exter nal sources ari d m o n i t o r s  l i s t s  of
d a t a  p e r t i n e n t  to t he  va r ious  f u n c t i o n s  b e i n g
executed , e . g . ,  a f i l e  of s t a t i o n s  in t r a c k  to-
ge ther  w i t h  p e r t i n e n t  d a t a .  Cont ro l si g n a l s  w i l l
be gene r a t e d  to con t r ol the  si gna l c a n c e l l e r , t he
step ~it t on u a tm ;  and the ~ 1U . The si gnal canceller
w i l l  h a v e  t h r ee  o p e r a t i o n a l  s t at e s :  o f f , on with
Loran  s i g n a l s  p resen t , and  on w i t h  Loran s i g n a l s
absent. On or o f f  w i l l  be dec ided  by a n a l y s i s
of t he  d a t a  r e j e c t e d  b y Track . The two s t a t e s  of
“on ” w i l l  be cont rolled by the DMU . The step at-
tenuator will be controlled on the basis of t he
expected value of I for each signal in track. The
Control Program w ill specif y the mode of the DMU
and position t he  measurement gates for ( I n c h  s i g n a l
in track at the best estimate of the time of ar-
rival of the next signa l .

5.1 .2 Search . The f i r s t  s u b ro u t i n e
to be Ca iled by t he  C o n t r o l  Program is Sea rch .
Search  w i l l  d e t e c t  a n d  locate the Loran pulse
groups h a v i n g  the  r equ i red  GRI w i t h  i’espect to  t he
b e n  1 clock . Sea rch is t o be com ple t ed i n 1 he
mm imum pract icable time . W h e n e v e r  t h e  S e a r c h
subrout inc has  loca ted  a ny  one ol t he d e s i r e d
Loran  pu l~ e groups . i t  cal is for t he  S e t t l e  sub-
routine to be initiated w i t h  respect  to  t h a t
g l’oup . The i’eee i ve  r w i  11 opera e in t he sea i~ h ,
se t  t le , and track modes sequent in 1 ly , as r e q u i r e d .
v, 1 t h  r( ls p(1( 1  t to  di  I I (I i . (l il t t r a n s m i  t t e l ’ s of  I he c h a i n
idp n t i i  j ( I ( j  h~’ he GRI
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5. 1,3 Se t t l e , The Se t t l e  s u b r o u t i n e

w i l l  i d e n t i f y  t h e  gr o u n d w a v e  and the desired cyc le
to be tracked and will adjust the timing of the
i n i t i a t i o n  of t h e  measurement  sequence generator
to esta blish tra cking of the zero cross ing of the
cycle to be tracked .

5,1 .-I Track . Raw data w ill be
ed ited with respect to both I and Q. I the value
of either I or Q of a related pair v iolat e t he
cr i ter ion for goodness , the IQ pa ir will be re-
jected . The initial criterion for goodness follow-
ing receiver turn-on will be “less than a f ixed
v a l u e ”. Subsequently, this value will be adjusted ,
based on an assessment of the immediate past per-
formance of the rece iver . A lower limit will be
placed on the t hreshold so t h a t  the receiver w ill
not reject data because of a ircra f t man euv er .
When called by the Control Program , the Track sub-
routine produces the best e s t i m a t e s  of the t ime of
arr ival of the Loran signal .

5.1 .5 Station Identification . Whe n
three or more signal tracks are established , each
track will be labe led with a standard designator
indicating that the signal originates from sta-
tion M . U , V , W , X , Y, or Z. Identification will
be based on the computation of the reciever ’s k n o w n
initial position from the measured time differences.

5.1.6 N e w t r a c k .  As t h e  a ircra f t
lies t h r o u g h  a c h a i n , s i g n a l s  c u r r e n t l y  in  t r a c k

will fade . When the Contro l Program calls , New-
track will position the Settle sample points on
the stations of the chain which are not in track
so t h a t  s t a tions can be t ra cke d to 1.epla(.(l those

wh ich have Jaded ,

5 . 1.7 N a v i g a t e . H o r i z o n t a l  n a v ig a t i o n
computations will be made in accordance w i t h  Ref  . 5 .

The I ixed course mode h a s  been inc  luded in t h e
Phase  1 development. Other modes given in R e f  . S

wi  11 be in c  luded  in lat ci’ phaSes as r equ i red
N a y  igation will be accomp lished by s te e r i ng  a pr~~- —

SC l ee  ted course  v.-i th the a i d  of  c o m p u t e d  ( - r u - — s
t r a c k  er i ’or  a n d  i t s  t i m e  r a t ( 1  , a l ong  t r a ck  d i s t  a i ) (
t I l  go an d  I t s  t irn e r a t e , a n d  the h e a d i n g  ( - r l ’ I I I - .

Ti me d i l l  -r~ -l1 -e lot’ the Loran t r a n s m i t  t ( 1 r 5
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designated by the Control Program for navigation
w ill be computed . These time differences will be
adjusted so as to apply to the simultaneous arrival
of signals from all transmitters .

5.1.8 Warn ings . A warn ing subroutine
will be produced in the later development phases .
Warn ing signals w ill be generated wh ich indicate
at least the follow ing : Internal Malfunction ,
Transmi tter Malfunct ion , Jamm ing , Skywave , and
Not Ready . Other warnings may be added during
development ,

5.2 Contro l  I n d i c a t o r .  The r equ i r emen t s
for the control indicator appropriate to later
development phases will be determined at a later
date .

i
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Appendix B

RADIO FREQUENCY UNIT DESIGN

INTRODUCTION

Figu re  B — l  show s the  f u n c t i o n a l  block d i a g r a m
of the Radio Frequency Unit (RFU) . The designs
and specifications of the RFU are presented in
this appendix .

ANTENNA COUPLER

The antenna coup le r  am p l i f  ies s i g n a l s  r e c e i v e d
f r o m  t h e  a n t e n n a  and  o ut p u t s  t he  s i g n a l s  to a bal-
anced 100 transmission line . A block d i a g r a m
with specifications is shown in Fig. B—2 . A lim-
iter preceding the amplifier prov ides  p r o t e c t i o n
f r o m  h i g h  impulse  s i g n a l s.  The b a l a n c e d  t r a n s m i s -
sion line prov ides low loss signal transm iss ion
with protection against contamination from unde-
sired local  s i g n a l s .  The a n t e n n a  coupler  i n p u t
impedance is designed to operate with h i g h  imped-
ance  t ype a n t e n n a s . Power f o r  t h e  p r e a m p l i f i e r  is
s u p p l i e d  through the transmission line .

BAND-PASS FILTER

The b a n d — p a s s  f i l t e r  shown in  F ig .  B-3 pro-
v ides  a t t e n u a t i o n  of undes i red  si g n a l s  ou t s i d e
t h e  L o r a n — C  s i g n a l  b a n d w i d t h . The b a n d — p a s s  I i l t~~r
also prov ides for  t r a n s m i s s i o n  l i n e  t e r m i n a t i o n
and amplification to c o m p e n s a te  f o r  losses associ-
ated with the band—pass filter .

S I G N A L  CANCELLER

The signal canceller (Fig. B—-I ) is a p h as e
lock device which opera tes to attenuate u n des i r ed
signals within the Loran—C signa l bandwidth .
Table B—i g ives the signal ‘a nec 1 1cr s~~~-e i  I u-at i ons .
In opera t ion , the signa l cancel i c i ’  p h a s e  lo t ’k s  to
t h e  u n d e s i re d  si g n a  I , adjust s the ~o it a g~ - c on  t i’O I —

l ed (>s(’jl latot ’ outpu t s i g n a l to the Pl ’I) P( l’ a l f l p h I udc -

— f ; 5 -  

-~~~~~~ --~~~~~~ - - - ~~~ --- 



-V -V- -V

TID E JOHNS HOPKINS U N I V E R S I T Y
APP L IED PHYS ICS  LABORATORY

3 L  l ’. R SPRING M A R Y L A N D

I-
2
IL

< IL

O w z

4

‘I-IL 

~~
-

- I
; 

I

(I) IL

~~~~~~~~~~~~~~

_

~~cr

I

I 
-~~~~~~~~~ - -V — 

~~~~~~~~~~~~~~~~~~~~~~~~~~~



~ 
~~~~~~

-- - V V
~~~~~~

- V - - V -
~~~~~~~~~~~~

- -- -- -

THE JOHNS HOPKINS U HL I , E R 5 1’

APPL IED PI-,YS~CS L A~~~ HA T C~R~
SILDN. SPR NI. H AR ~~~ANII

2’
-I

2
0
U)
(1) — Cl)

2’ 2
4 z

0
a

0 ~-1~
w —

U U)
Z 2’
4 4 (1)
-J Ti4 I— 0

2 Z

2’
I I I
I I I e —

I 0 11) 0: —

I I -J ~~~O 0
_L___LJ

0: ~~~~~~~~ 0
-V > -~~ W w O  j

n~-~-~-~-1 I c ’ 4 <
~~I I I  ‘ 0 : L  w

L J  -J

I >
I )~ O ’~~~

VV l 4
I I r’-

‘~~~~~~
O __J C)

0: I
I IL

-~ I 3
—04 - I ~~~ 1fl~~- 2--I ‘ ‘ V IL — LU

- U ) L , ~~~~~~~~~~~~~~ ~~

~2 1~~:I
~ ~~~~ ~~~

-

-- 4; ~~-

— - -‘~~
-

~~~~~~~~ ~~~~~ .~~~~~•



-V - -- - - ~~~~~~~~~~~~~-~~~~~~~~~~~~—
—-V

-

THE JOHNS HOPKINS UNIV ERS ITY

A PP L~ ED PHY5 C S  LABO RATORY
5- I  ~~~~ SPY NI, M.R Y~~ANII

U

l O v  POW ER FOR ANTENN A COUPLER

A M P L I F I E R  TO SIGNAL CANCELLER

SPEd F~CATIONS

IN PUT IMPEDANCE 100~~ (TO \ 1ATC H BALANCED 100 TRANSM ISSION LINE)
OUTPUT MPEDA NC E 300
V O L T A G E  G A I N  1 0

BANDWIDTH 85 ~~I I .- to 117 KH, (3d B  POINTS)

SKIRT CH ARACTERI sTI cS A T T E N UA T I I I N  U F ) E A T E R  ( IAN 20 118 BELO) ’ J 80 ~~~4 -
AND ABOVE 1 25 KI - I~

RIPPLE IN BAND-PASS - -T 1 dB PEAK TO PEAK

Fi g. B-3 BAND-PASS FILTER BLOCK DIAGRAM AND SPECIFICATION S

I
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Pa i’a le t  -r  
-f Spee i i  Ic a i ion

Ope r a i ng Frequency Ha noc 
- 

80 k u ,  to 125 kHz
Sig nal .l )p Ii t u de R a i i 1 e I niV RMS t o  1 V RM S
Undesired Si gnal \ t  t e t l u a t  I I I U  : IO (18

D e si r e d  S i g r ~a 1 At t e i i u . i t i o n  ( )  dU

l1oti p Ba 1Ih  id t h 1 1 1 1 ’  1(1 IL 1- sK S gna 1 1 (1(1 II.’
I_ I 1 1 ) 1 1  Ba id~ id t i i  I or  A~ Si c l i a  1 15 II,
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and differentia11~ amplifies this signal with the
undesired inpu t to produce signal cance llat ion
at the output . The RF mode file stores computer
gene ra t ed  i n f o rm a t i o n  wh ich  c o nt r o l s  t h e  t i m e  and
mode of s ignal canceller operat ion . A d e t a i l e d
descr ipt ion of the  sig n a l  ca nce l le r  fo llows .

The i n p u t  to the  s i gn a  1 canceller is frequency
l i m i t e d  to a 85 kHz to 117 kHz b a n d w i d t h  by t h e
b a n d — p a s s  f i lt e r . At 80 kHz and  125 kHz , t h e
s i g n a l s  are  a t t en u a t e d  a t  l eas t  15 dB .  When an
undesired signal occurs  w t i h i n  this b a n d w i d t h ,
t h e  c o m p u t e r  c o m m a nd s  t he si g n a l  c a n c e l  1( 1. to
operate . The voltage contro l 1~ed u~ c i l i a tor  ( ‘JCO )
sweep and loop contro l circuit c a u s e s  t he  VCO I Y e —
quency to sweep the $0 kH,. to 125 kHz f re q u e n cy
r a n g e . W h e n  t he  VCO I r eq u en c v  is ( I o i l i ( . i d e n t  w i t h
t h e  u n d e s i r e d  I i ’equency , t he  m a i n  i)hase  c o m p a r a t o r
o u t p u t  f r e q u e n cy  become s /e ro  . Th i s  c a u s es  t i l lI
VCO sweep and  loop (I on t l .o l  c i r c u i t  to s top  t i l l  VCO
sweep and  t he  VCO to phase lock to t h e  u n d e s i r e d
s i g n al . The VCO phase  locks to the  u n d e s i r e d  s i g —
na 1 t h r o u g h t he m a i n  phase  c o m p a r a t o r ,  i n t e g r a t o r ,
a n d  s amp le  and  ho ld  No , 1. The in t e gr a  toy  s e t s
the  loop b a n d w i d t h  a n d  samp le a n d  ho ld  No . 1 op-
e r a t e s  in t he  s a m p l e  mode (a  s imp le  a m p l i f i e r )  as
c o m m a n d e d  b~ t h e  computer. Because of t h e  m a i n
phase  com pa r a t o r  m a n n er of o p e r a t i o n , t he  VCO
o u t p u t  s igna l is 9Q 0 ou t  of phase I rom t h e  i n p u t
signa l . The 90° p h a se  shi  I t l i’ r e s t  ores t i l e  VCO
output signal t o  the  i n p u t  s i g n a l  p h a s e .

The 90 0 
plia -Il sliii tel’ o u t p u t  is a p p l i e d  as a

ref erence t c~ t h e  a u t om a t  i( g a i n  con t  ro 1 ( AG (’
pl~a 5(1 compa  i’a toi’ , The AGC p I i as - comp a ra 01’ I n  t I —
grator , samp le and  h o ld  No.  2 , a n d  t h e  (~0 ( 113
v a r i a b le g a i n  f o r m  a IOI)p t o  h o l d  t h e  m a i n  p h a se
c o m p a r a t o r  i n p u t  si g n a  I a m p  l i t  (1(11’ (0TlSt ~1 l i t  ( 1 V ( 1  1

t h o u g h t h e  signal c a n c e l  h r  i n p u t  s i g na  I may -ar~-
o~ er a GO dli r a n g e . A co i i st  a n t  a m p ! i t t i d e  u — 1 i~~(l

_

q u i re d  a t  t I l l -  mu i i i  p h a s e  ( - o m p a r a t t -I r i n p u t Io i ’
ProPel’ p h as e  1 1 1 ( 1k  11)0 1) ~~} )  l’U I l o ll . TIit - 1 1 1 1 4  -gra (1)1’

s e t s  t ilt A (I C t lIR e (Oli st a n t  , Sam!) it a id ho Id  N I l . 2

opera t es i n  t he s am p  I t -  mode ( a 511 (111 Ic am p  1 1 1 e r ) as
c o m m a n de d  by I he c ompu  I -i’ . rh - ¶ 111 ° i)h~

i SI  - I1~ Il 1 i t I )

( ) U t l)(1 t siglla 1 wh 1 ( i i  1 5 t i’i a I CCI I I I ’  1(1 s I t a  I l l  - -

a PP i i  ed to a s l ia  1 1’ ~ i l l -  ) I  - I h - t r i a ii g~ i I a I’ ‘A av e  i s

s h a p e d  j l l t ( )  a s l u t  \ t , l \ 4 . TI i t  s i I i  \l ; ( y~~~- — l p I l I l ( - d

— 7 1 —

_ _  — -  A14
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to the d i l l  erentia 1 amp lii icr through the I ;o dB
v a r i a b l e  at  tt-nuatot ’ . T u e  s i g n a l  c a n c e l  icr i n p u t
s i g n a l  is a p p li e d  to  t h e  second d i i  i e r en t i a l
a r n p l i  f i e r  inpu t . Because  the  two d i f f e r e n t i a l
amp l i f i e r  i n pu t  s i gn a l s  ar e  in phas e and  a s i gn a l
d i f  iei ’ence is t a k e n  in t h e  d i f f e r en t i a l  a m p l i f i e r ,
t he  d i f f e r e nt i a l  a m p l i i i e i ’  o u t p u t  is a s ine  w a v e
s m a l l e r  than e it h e r  of t he  two  in p u t s i g n a l s .
h o w e v e r  , the o u t p u t  si~~iia 1 phase max- be e i t h e r  in
phase  or ou t  of phase  w i t h  t h e  signa l catl ((l icr
i n p u t  s i g n a l  d e p e n d i ng  on which of t he  t w o  dif—
I e r e n t  ia 1 am p l i  I iei’ I l i p I l t  s i g n a l s  i s  la rgel’ .

When t h e  60 dB variable attenuator o u t p u t
s i g n a l  is larger t i t a n  t h e  s i g n a l  c a n c e l  icr  i n pu t
s i gna l , t h e  d i I l e r en t i a l  amp l i f i er o u t p u t  s ign a l
is out of phase with t h e signa l c an c e l l e r  i n p u t
s i g n a l . This  o u t  of phase  s igna l is c o m p a r e d  w i t h
the 90° phase shifter o u t pu t  s ig n a l  p r o d u c i n g  a
n e g a t i v e  s i g n al  a t  t i l l -  d i i  I ercn t ia I phase  com-
p a r a t o r  o u t p u t .  This  n e g a t i ve  si gna l is applied
to the 60 dB var iable a t tenua t or contr ol i n p u t
t h r o u g h  an integrator and samp le a n d  h o l d  No . 3 ,
a n d  reduces  t h e  60 dB v a r i a b l e  a t t e n u a t o r  o u t p u t
signal . W h e n  I he 131 ) dli ~-a n a  bil l a t  t en ua  toi’  o u t  —
put signa l amplitude is r educed  to  t h e  si g n a l
( - a m - c  1 1cr i n p u t  5 ig n a  1 a m p l i tu d e  t 11(1 d i i  fe i ’ en t  ia 1
a m p  I i i  ic r  o u t p u t  a m p  ii tu id e  ap p roa  ( 11115 /11.0 a n d  no
f u r t h e r  c o rr e l - t ion to the 60 dB v a r i a b l e  a t t e n u a t o r
con  t t I l l  is m a d e  . T u e  in tegra t or con t Fl) Is t he
I l l act  ion  tIne in this amplitude contro l 1111)1) and
samp le a n d  ho ld  N o . 3 opera t es  iii t lie sum !) le mode
( a  s i m p le  a m p  lii Ic i’) as c o m m a n d e d  by t he  compu  t (Ij ~

~ h e n  t h e  two  siglia Is app lied t (1 the di i I (-rentia 1
am !) I i i  i c r ’  i n p u t s  a r e  e q u a l  ill 1) 1 1 U 5(  a n d  a m p l i t u d e ,
t h e  dii i er e n t  ia 1 a m p l i f  i c r  output , wh ~~lt I orms t h e
s i g n u  I ( a n ( - l - l l ( - 1 ’  o u t p u t , ~ 5 i -i’o  a n d  t h e  u n d e s i r e d
s i g n a l c a u t t l  i t i ’  i n p u t  signal is c a n c e l l e d . III

a t ’  t 1 I (  - , I l it  I I Ill t pEt t S I. gii a I ( ‘ al l  ü Ii  1 ~ ~t p pi’oa cIt / P1’O
5 11)1 - 4 -  some t - i ’ i ’ oi’ must CXisI. ill the pliast - loop and

a m p  lit 11(1(1 1001) O 1 I t i’D t 101) .

On lv  I u I  - I ) ! T ( l’a t l o l l  1)1 t he s 1 g nu  I I I I  m t  - l U-i’ ‘A it Ii
I I C  a i’d I I I  1 5 I h g  It 1111( 14 5 1 Fed s I C na 1 h a s  ~ - t - n lb —

5 ( 1’  i l I t - I  t i iu s  I a i’ . I i i  I t  u a  1 use , I l i t  - 5~ gn u  I c a n —
i - e l  i t t ’  m u s t  t ) p I - I ’ I I t I  i~~ t i n -  p r c s t - n c t -  o l  h i t -  d es ir e d

1 1 ( 1 ! )  — C 5 1 ~ F1~ 1 C I I  1 1 1 1  ( 1 ( 1( 1  l u  i l l  I l i l t  - 11 4~ I i l l  - I a ( I I  C 1 1 II) C
l O t  1 1 ) 1 )  on t In  - W i l l I s t z’ed 5 i I I I  I . I l i e  i’ t - l I l t -  t l ie  

- - -- — - - V  — - -V
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signa l canceller operating mode is changed during
the  Loran—C pulse reception time . A description
of th is mode of operat ion fo l lows .

A f t e r  t he  se t t l e  mode is compl eted , a computer
control signal is available to command the signa l
cancel ler  to ignore any  fu r t h e r  input  signa l s
including Loran-C pulse r ecep t ion . T i m i n g  d i a g r a m s
sh own in  Fig . B-S i n d i c a t e  the  r e l a t i o n s h i p  be tween
the Loran-C pulse , the undesired signal , an d the
computer contro l signal .

Assume t h a t  the  s i g n a l  c a n c e l l e r  is phase
locked to t~~e u n d e s i r e d  s i g n a l  ari d c a n c e l l a t i o n
has  o c c u r r e d .  When  a Lo ran— C pulse  is r ece ived ,
the ma in and uifferential phase comparator out-
put s i g n a l s  could  i nc lude  some of the Loran— C
signal thereby causing disturbance of the phase
and amplitude loops and a reduction of the amount
of undesired signal cancellation . In order to
p r e v e n t  a r e d u c t i o n  of undesired signa l cancel-
l a t i o n , a l l  sa mp le a nd hol d circu its are commanded
by the computer , through the RF mode file , to tile
ho ld mode a few m icroseconds bef ore t he be gin n in g
of the Loran-C pulse . Therefore , the 60 dli vari-
able attenuator output signal is held at t h e  same
phase and amplitude as obse~ ved at the end of the
sample mode and c a n c e ll a t i o n  of the undesired
signal is m a i n t a i n e d . When t h e  Loran  pu lse  has
ended , t he  sample  and  ho ld  c i r c u i t s  are commanded
back to the  sample  mode and a n y  errors that may
h a v e  a c c u m u l a t e d  in  t h e  phase  or amplitude loops
are corrected . The sequence is repeated for t h e
n e x t  Loran  Puls e

BREADBOARD SIGNAL CANCELLER

DI,I 1’ i iig Pha SC 1 , a brea db oa i’d m o d e l  of a
sig l l a  1 -an ec I let’ iC it hout c om p u t  ‘t ’ Coli t i’ol ca pu —
hi l i i  v w a s  ( ‘0 1151 i ’u e t e d  a n d  t e s t e d . A p h o t o g r a p h
( I t  ( l i t -  1t ~I l ~ I I ( ‘ a t l ( ’( 1 lt’i’ i s  S l i o W I l  i n  I” ig . 13—6
a id s - h em a  I i t ’  t i  I I I  ~ i’ a IflS 01 t h e  bre ad boa i’d a r t ’  S l io W l i

iii Fl gs  . 8 — 7  1 hr oCI l . ~l1 13—15 . A l tei ’ c ii’rui it ad ,j u s t  —

I l l  I t  ~ ‘A ( t’~ ( oIflh I )11 ’t (’(i , a test of  I l it sit .pha  1 (~~~ 1 i t( I I_

I t  1’ I - ’ 5l)011’ t I I I  ‘ 4 i t I l ~~~t 1 1 i x t ’ t l  1 i’e~ 1t I ( ’ i i c ~ sigii ~l I s

.1 a s  1 , 1  u t  - , \ h h u k  ti I a g I’ , l  lii I I t I Ill ’ I t ’ -~ 1 ( ‘011 ( l i t  1 ( ) il
t ’ - VI —, l I o ’ A l i  i n  F i g .  11— 16, r h t -  t e st  s I g l ia  1 a m p l  i i  t I d e

— 7 : 1 — 
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was set to 1, 10 , 100 , and 1000 mY. At each
amp litude , the  frequency was  set t o 80 kHz , 100 kHz ,
and 125 kHz , The r e s u l t i n g  a t t e n u a t i o n  provided
by the signal canceller is given in Table B—2 . The
tes t  resu l t s  indicate  t h a t  f u r t h er ref inem ent of
the amplitude control loop is required to meet the
specifications given in Table B—l .

STEP ATTENUATO R

The s tep  a t t e n u a t o r  sets the overall voltage
g a i n  of the  RFU by means of a t t e n u a t i n g  t h e  L o r a n —
C signal . A block diagram with specifications is
shown in  F i g ,  B—li. The a t t e n u a t o r  s e t t i n g  is c on-
t r o l l e d  by t he  compute r  t h r o u g h  the  g a i n  c o n t r o l
f i l e . The a t t e n u a t i o n  and , t h e r e f o r e , t h e  RFU
gain , can be adjus ted  to a ny v a l u e  f rom zer o to
103 dB in one dB steps by selecting combinations
of a t t e n u a t o r s . The a t t e n u a t o r  m e t h o d  of g a i n
c o n t r o l is used to ensure no more than one ten-
thousan d th of a cycle  phase sh if t at 100 kHz over
the  entire attenuation range . At least  two corn—
merical sources of electrically suitable step at—
t en u a t o r s  have  been found .

BAND-PASS AMPLIFIER

The band—pass amplifier is a fixed gain
f r e q u e n c y  se l e c t i v e  a m p l i f i e r  p r o v i d i n g  more t h a n
~~~U of the overall RFU voltage gain. A block
diagram with specifications is shown in F i g .  8—18 .
The a m p l i f ic a t i o n  shown is accompl i shed  i n  t h r e e
s t a g e s . The total gain of the individual amplifier
stages is g r e a t e r  t h a n  that specified to provide
f o r  losses in the hand—pass filter and coupling
losses  b e t w e e n  t h e  s i g n a l  canceller a n d  s t e p  a t  —

t e n u a to r  . The band—pa ss I liter se t s  t h e  a m p l i l  ier
• no i sF  - b a n d w i d t h  a iid provides for furl her a t  I e n u a  —

t ion  of o u t  — 1 ) 1  — h a  tid un de si  red s i g n a  is a iid a I t  e nu a  —

t ion o I s i gn a  I c a n c -  I I ‘i’ ha I ’mon i c - s  . The t ) a l i d  — p a s s
a m p l i f i e r  o u t p u t  f o r m s  t h e  RFU o u t p u t a n d  is  su t t  —

able lot’ d r i v i n g  t l i t ’  m ea sui ’em ei i t u n i t  

- -  -V - -V - - -
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Table  B-2

Signal  Can ce l ler  Test D a t a

S i g n a l  Genei ’atoi ’  Si g n a l  C a n c e l l e r
F r e q u e n cy  (k I -Lz ) Amp l i t u d e  ( m y )  At  t e n ua t i o n  (dB)

80 1.0 22
100 1 .0 28
125 1.0 25

80 10

l0() 10
125 10

80 100 - 11

100 100 43
125 100 -12

80 1000 17

100 1000 - (7

125 1000 -16

No I e: P h ase  1~~ ’k I oop h a n d w i d t  b : 40~ Hz .

- 8 7 - -
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Appendix C

D I G I T A L  MEA SUREMENT U N I T  DESIGN

INTRODUCTION

The f u n c t i o n a l  b lock  d i a g r a m  of t h e  Di g i t a l
M e a s u r e m e n t  U n i t  (DM 11) , F ig .  C — i . is d i s c u ssed in
t h i s  a p p e n d i x

SAMPLE AN I) h OLD C I R C U I T  AND ANALO G-TO-DIGIT A L
CONVERTER

The s a m p l e  a n d  ho ld  c i r cu i t  a n d  a : I a l o g — t o —
d i gi t a l  conv er t er p o r t i o n  of t h e  DM11 f o rm  t h e
s i g n a l  i n t e r f a c e  b e t we e n  t he  RFU a n d  the  DMU
p o r t i o n s  ol t h e  S u p e r  R e c e i v er  - N a v i g a t o r , The
pu rpose  of t i l e samp le and  ho ld  c i r c u i t  is t o  5 ( —
lec t  a sa:np le p o i n t  v a l u e  0.1 the HF v.ac -elorui and

~loid the  v a l u e  u n t i l  t he  a n a l o g — t o — d i g i t a l  con-
v e i ’ ter  -~ a~i c o n v e r t  t h e  a n a l o g  s a m p le to  a hi  n a ry
nu i i bci’ . The t o t a l  t i m e  a v a i  la ble  Ioi’ sampl e an d
:io ld  s et t l in g  a.l d i n a l o g — t o — d i g i t a l con v e i ’ s i a
is 2 .5 i iicr oscconds . The u s e -  of on iy  one s~i :~ p li’
and ho ld  c i r c u i t  a t i d  ,nia l o g — L a — d i g i t a l  c ( ) n v e l t e r
f o r  a l l  RF samp les pi’od uccs  1t - l~l s Oh i ~l b 1  y ( ‘( 1( 1 S t  a n t
sho r t  t e r m  d e l ay s  and l i n e a r  o f f s e t s  due to  tem-
pera t ut ’ e  and s u p p ly  v o l t a ge  v~~ ’i a t ion s  f o r  a l l
m e a s u r e m e n t s

C i r c u i t  i m p l e m e n t a ti o n  l’equ L l’ed to o b t a i n
1 he d ig i t a 1 va lues of I he point sa m p l e s  m a y  be
0c1 ’o!np l I s h c - d  via t h r e e  o p t i o n s . Toe I j i’st  o p t i o n
is t o  p ur c h a s e  a n  e n t i r e  d a t a  (1(’qIlLsit io ii system
Li a r ack m o u n t  ccl  , st ’ 11 — ( ‘ On  t a i n e d  (iSStS ’I flb lv wli  i c h
i I I ( V 1 I I I ( ,’i t h e  s am p le a ( I d  b O l d  c i r c u i t , a n a l o g — t o —
di gital Co . i c e i’t ei ’  . J) I I \O i’ sul’i )l l e S , I 1’I I I i t  ( ) a i i ( I l

flI  ) f l  i tor  . a n d  .t ua log mu ], t ip I c x c i ’s I )  1’ I O I i V e  rs i 1

1 ) 1  (It l it’!’ s ig l i a l s  p o s s i b l 1  n o t  i’e1a~ -d 1a L i t  1- u ’ a i
r - 1 I ’e  I . I 1 ’  . i i t -  a c c u r a , speed , a n d  lUst 1)1 t h i s

I~~i i p m e n t  a i’e m u c h  g l’ F - a t  t i ’  than rf~
- . I

~~u i l I d  by  a ii

op t  i m i / c - ( I  d e s i gn o l  a l a t ’ g t - — pi’odt_ u - I  i O I i  L o r a n  1)MtJ .
A n  I x im I l i t-  ol  ( l i t  I i l ’ —~t o pt  i on  i s  g i v e n  i l l  l i h l e  (‘— 1 .
T h e  5 ( t U I i d  o pt  1 —  II i_ s ( I t  ~~~1l i’c h a— t -  1 h t -  s am p l e  an d
h o l d  c i  i’cll I I an d  a n o I ~~~~ - t O — ( l  1 it 0 1 (()I1~~t - i’t el’ s’ 11 —

o I’ ( I  t ‘ -  I v is  11101 I I I  I ~i ( ‘ o I I i i ) O l l t  ‘I I  I ~ ~ (I I t~ II) I - 1 1 1 1 ’ moil II I i i i
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Table C-i

Sa mp le And Hold And Analog-to-Digital Converter Specifications ,
Opt ion  1

Parameter Specification

M a n u f a c t u r e r  Preston
Type Rack m o u n t e d  s a m p l e  and  ho ld  and

A—to—D converter system with built —
in power supplies and front p a n e  I

• mon i to r : Room f o r  m u l t i c h a nn e l
m u l t i p l e x e r s  and i n s t r u m e n ta t  ion
a m p l i f i e r s .

Mode l GMAD-l

Temperature 0°C to 50°C

Bits 15

Conversion Total sample and hold for 15 l)it
c o n v e r s i o n  = 1. 5 m i c r o s e c o n ds .

A c c u r a c y  Tota l  ± 0 . 0 l t ~ ± 1. 2 LSB over  0 °C
to +50 °C r a ng e .

A p e r t u r e  Less t h an 10 nanoseconds .

L i n e a r i ty  ± 0, 0l~ of l u l l  sc a le .

N o i s e  0 . 5  m i l l i v o l t  p eak  t o  p e a k .

\oltage Range 10 v o l t s

I n p u t  I mp e d a n c e  10 m egohms

Price $8 , 555. 00

O p t i o n s  EMI c~ia s s is  draw . w ith line f i l t e r s ,
meet  j ug  gene ra l i ’equ i i ,emen ~ of

M I L  STD ~ 2 6 - l . Type F ,  C l a s s  GP .

-9 3-
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on printed circuit boards , This option requires
sharing power supplies and  chas s i s  h o u s i n g  w i t h
o t h e r  r e l a t e d  eq u i p m e n t . E x a m p l e s  of o p t i o n  two
are g i v e n  in  Table  C— 2 . The t h i r d  o p t i o n  is to
des ign  the  sample  and  ho ld  c i r c u i t  and  a n a l o g — t o —
d i g i t a l  c o n v e r t e r  t a i l o r ed  t o  t h e  r e c e i v e r  env i ron-
menta l and performance requirements at minim um pro-
d u c t i o n  cost s t a r t i n g  with basic c o m p o n e n t s  such
as operational amp lifiers , comparators , integrated
c i r c u i t  di g i t a l — t o — a n a l o g  c o n v e r t e r s , d i g it a l  cir-
c u i t s , t r a n s i s t o r  s w i t c h e s , and bulk components.
The third o p t i o n  m a y  be most suitable iui’ pro—
d u c t i on  des ign  i f  t h e  second op t  ion does no t  vi -ld
a sufficient lv close ma teh of p e r f o r m a n c e  r equ i re -
m e n t s  and price . I I  t he  f i r s t  o p t i o n  is not  a —
va i l ab l e f o r  t h e  p r o t o typ e  des ign , t h e  secon d op-
t i o n  w i l l  y i e l d  t h e  r e q u i r e d  a n a l o g — t o — d i g i t a l
c onv€ -r t e i ’  c i r c u i t r y  a t  a modest  cost .

MEASUREMENT PROCESSOR

Figure C-2 shows the organization of tite
m e a s u r e m e n t  processor .  Since no s h i f t  o p e r a t i o n s
are  required . t h e  one bit posit ion shown dc- I in e s
t he  logic  f o r  tile r e m a i n i n g  15 bits . The on l y
linkage between bits is the carry output (C o u t )
of  e ach  adder bit position , which is c on n e ct e d  t o
the c a r ry  i n p u t  (C in) of the’ next higher order
bit position. The c a r r- 1 o u t p u t  of t h e  highest
b i t  p o s i t i o n  is now used . The c a r ry  i n p u t  of
-the lowest  b i t  p o s i t i o n  is r a i s e d  w h e n  t he  in-
v e r t e d  i n p u t  o f  t h e  D reg i s te r  is passed t h r o u g h
t h t -  a d d e r  to I orm t h e  two ’s c o m p le me n t  of t h e
c o nU -n t s  of t h e  D reg i s t e r .  S e p a r a t e  a d d e r s  a re
used f o r  t h e  I and Q processors to m i n i _ m t  ic
quencc’ control log II’ comp lexity.

Data p a t h s  t h r o u g h  the measurement Ii’  I e e sso r

ace c o n t r o l  led by t he mode cont i’( I I  se que f l ee  log I ( ‘

v i a  L I I ’ U ee s s o l ’  t ’oiit ro l i n s t r u c t ions . A list of
t h ’ - s t -  c ’ O Ut  i’o I i nst  i’(I ( ’~ i _ o h s  f o l l o w s .

-~~ - 1
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Table C-2

Sample And Hold And Analog-to—Digital Converter Specifications ,
Option 2

Parameter Specification

Manufacturer Datel Systems , Inc .
Type Modular Sample and Hold Circuit
Model SHM-2

Input Voltage Range Up to ±1OV FS

Module Contro l Input DTL/TTL compatible . Sample - Logic
“0” Hold—Logic “1”.

Output Voltage Range Up to ±1OV FS

Bandwidth DC to 500k Hz 3dB point

Acquisition Time 100 nanosec to ±.l% FS

Aperture Time 10 nanosec

Settling Time 1 microsecond

Hold Decay Rate 50 uV/usec

Output Slewing Rate 30 V/usec

Gain +1.00

Accuracy ±0.025% 0 FS

Linearity ±0.O1~.

Temperature Coefficient ±20 ppm/°C

Power Requirements +15V DC at 35 ma , -15V DC at 35 ma

Size 2”L x 1”W x 0.4”H

Price $109.00

—95—
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Table C—2 (Continued)

Sample And Hold And Analog—to—Digital Converter Specifications ,
Option 2

Parameters Specification

Manufacturer Analog Devices

Type Modular Sample and Hold Circuit
Model SHA—2A

Input Voltage Range 0 to ~l0V FS

Mode Control Input DTL/TTL compatible
Sample — Logic “1”,
Hold - Logic “0”.

Output Voltage Range Up to ± 10 V FS
Gain Nonlinearity 0.01% max.

Input Impedance 10” ohms and 7 p1

Offset vs. Temperature .1 mv °C max .

Slewing Rate 100 V/us

Settling Time to 0.01% in 0.5 us max.

Noise 100 uV rms 100 Hz - 1 MHz Bandwidth

Aperture Delay Time 10 nanosec .

Aperture Jitter 0.25 nanosec .

Drop Rate .lmV/us max .

Power Requirements +15V ±2% at 100 ma , -15V ±2% at 100 ma

Temperature Range 0°C to +70°C operating
• -25 C to +85°C storage

Size 3”L x 2”W x .4”H

Price $225.00

-96-
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Table C—2 (Continued)

Sample And Hold And Ana log-to-Digi tal  Converter  Specif icat ions ,
Op tion 2

Parame ter Specif icat ion

Manufac tu re r  Datel Systems , Inc .
Type Modular A-to-D Converter
Model ADC-H 1OB-EX
Temperature 0 °C to +70°C for ADC-.H1OB

-25°C to +85 °C fo r ADC-HlOB-EX
Bits 10

Vol tage Range Options 0 to —5 V , 0 to -10 V , ±5 V , ±10 V

Inpu t Impedance 2,000 ohms

Conversion Time 1 microsecond

Maximum sample rate 1 ,000,000/sec .

Digital Outputs Parallel output data , serial output
data , end of conversion , clock

Accuracy (m ci
Quantizing Error) ±0.1% of FS ± 1/2 LSB

Linearity ±1/2 LSB

Temperature Coefficient ±20 ppm/°C

Power Requirements +5 V DC at 380 ma , +15 V DC at 45 ma .
—15 V DC at 25 ma

Size 4”L x 2”W x l.0”H

Price $995.00 for ADC-H1OB , 1 ,300.00 for
ADC -H1OB-EX

-97—
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I
Table C—2 (Concluded)

I
Sample And Hold And Analog—to—Digital Converter Specifications ,

Option 2

Parameter Specification I
Manufacturer Ana log Devices
Type Modular A-to-.D Converter
Temperature 0°C to 70°C
Bi ts 10 I
Voltage Range 0 to +10 V
Input Impedance 2,500 ohm IConversion Time 1 microsecond
Maximum Sample Rate 1,000,000/sec .
Digital Outputs Binary , Parallel all bits and

complements

Acc uracy 0.05% 1
Linear i ty  ± 1/2 LS
Tempe ra tu re  Coef f ic ien t  50 ppm/°C from 0 °C to 70°C 1Power Requirements +5 V DC , +15 V DC , -15 V DC
Size 4.6”L x 2.3”W x l”H

Price $1,990.00

-98-
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I
Instructions I E x p l a n a t i o n*

Load D in I (D ) I
Add D to I (D) + ( I )  —. I
Loa d minus  D in I -(D)  -. I
Subtract D from I - (D)  + ( I )  -‘ I
Load D in Q (D) -~~ Q
Add D to Q (D)+(Q) -s Q
Load minus D in Q -(D)  -. Q
Subtract D from Q -(D) + (Q)  ‘ Q

*A register symbol in parentheses refers
to the contents of that register.

The contro l instructions activate various combina-
tions of processor direct control lines called
microinstructions . The microinstructions for the
processor follow .

_ _ _ _ _  _ _  _ _ _ _ _ _

Microinstructions Abbr . Explanation

Inverted D to ND! , (D) 
~~~~~

, (other-

wise (D) -‘

Inverted D to NDQ —
~~ 
(D) (other-

wise (D) -‘ 
~~ 

)

Cm i 1 CNI 1 -ø Cm I (otherwise
0 - Cin I)

Cm Q 1 CNQ 1 Cm Q (otherwise
0 - Cin  Q)

I to AD! ( I )  (o the rwise

A 

0- . Z i
)

Q to ADQ (Q) (otherwise

O - 4 ~~ . Q)

to I CKI (E1) -.1 (othe rwi se

I unchanged)

E Q to Q CKQ (E Q) - Q (o the rwi se

Q u n c h a n g e d)

~~~~~
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The D register is continuously clocked at the end
of each 2 .5 microsecond interval in synchronism
with 26 bit position of the synchronous preset
counter . The processor instructions are defined
in terms of the direct control microinstructions
as follows .

Instruct ion Microinstruction

(D) —’ I CKI

(D) + ( I )  I AD! , CKI

-(D)  -. I NDI , C N I .  CKI 
-

•

— (D) + (I) -, I NDI , CNI . AD!, CKI
(D) -’ Q CKQ

(D) + (Q) Q ADQ , CKQ
-(D)  -. Q NDQ, CNQ, CKQ
-.(D) + (Q) -. Q NDQ, CNQ, ADQ, CKQ

Inspection of the preceed ing list shows that two
sets of m icroinstrumentation always appear to-
gether . They are NDI with CNI . and NDQ with CNQ.
The number of niicroinstructions may therefore be
reduced by two by redef in ing NDI w i t h  CNI as
MDI (for minus D to “I~ 

and NDQ with CNQ as MDQ
( f or  minus D to ~Q). Two add itional microinstru-
tions which pertain to the I buffer and Q buffer
wh ich serve as interface buffers between the mea-
surement processor an d d irect memory access logic
may be defined . They are as follows :

Microinstructions Abbr . Explanation

-I to I B u f f e r  CIB lB (o the rwise

IS unchanged)

to Q Buffer CQB E
Q 

QB (otherwise

QB unchan ged)

-1 01-
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On the last  two clock pulses of a processor mea-
surement , the output  of the adder  for  the I cc~n-ponent is clocked into the I buffer and the outpu t
of the adder  for  the Q component is clocke d into
the  Q b u f f e r  for tr ans fe r  to the computer  memory
via the direct memory access channel. The mea-
surement processor consists of 39 integrated
circuits; 12 typo 5495 , 16 ty pe 54 157 , 8 type 5483 ,
and 3 ty pe 5404 .

FILE S AND FILE BUFFER S

All files and file buffers are identical.
Th is inc ludes the  in t e r v a l , mode , a ddress , and
block length. The most conve nient form for the
RF mode a nd gain buffers are aiso tiie same as these
files and file buffers . The bit length of each file
word is 16 , the same as the computer word length .
Each file and file buffer is made up of four 4—bit
sections . One 4-bit section is shown in Fig . C—3.

Each 54170 MSI circuit is a four word by
four bit file . The outputs are ORed together with
pullup resistors contained in one—third of a pull—
up res istor IC network . The two 54170 circuits
alternate roles as file and file buffer . The 54170
wh ich is being used as the  a c t i v e  f ile , either the
ODD f ile or EVEN f ile , has its read enable signal
act ivated by the sequence control logic.

Write control is different for the interval
iiiode , address, and b lock leng th f iles . Onl y the
current  b u f f e r  f i le is wr it t en  into by the Direct
Memory Access output logic during a mode sequence .
Wr iting may take place simultaneously in the active
and buffer address and block length files. The
act ive address or b lock l eng th  f iles must  chan ge
as a table in computer memory is filed. The de-
ta iled operation of the address and block length
file is dependent upon the computer selected .
A t o t a l  of 38 i n t e gra t ed c ircu its are re qu ired
for the interval , mode , address and block length ,
f i l e , and f i l e  b u f f e r s ; 32 type 54170 ICs an d 6
resistor network ICs .
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+5V

FILE DATA OUT 
~~4K~~ 4K~~4K~~~4K

10 20 30 40 10 20 30 40
RA W A —  — R A  W A —

54170 54170

ODD EVEN
RB W B -  RB WB

[ 

OR 1D 20 3D 4D OW 

J 

ER 10 2D 3D 4D EW 

1READ
ADDRE SS 

_____— _____ — — EVEN
WRITE

ODD ADDRESS

WRITE
ATTRESS —

~~~~~~~~~~
— —

ODD _______ 
_ EVEN

READ WRITE

ODD _ _ _ _ _ _ _  
___  

EVEN

WRITE READ

FILE DATA IN

Fig. C-3 FOUR BITS OF FOUR WORD FILE REGISTER AND BUFFER
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DIRECT MEMOR Y ACCESS ( DMA) , COMPUTER INPUT-OUTPUT

The deta ils of a DMA channe l are established
by the compute r selecte d . Much of the hardware
defined in the following paragraphs may already
be incorporated in computer input-output logic.

An address word and block length word is
assoc iate d w i th  eac h mode and in t e r v a l  f i le word .
In order to esta b lish a t a b l e  of measure ments  in
the computer memory via a direct memory access
cha nnel , the computer software outputs the starting
or finishing address of the table along with the
true or complement block length. The block length
word is increm ente d as the ad d ress chan ges un t i l
over f low occurs wh ich e s t ab l ishes th e en d of a
block transfer. The table in the computer memory
w ill fill by memory cycle stealing f rom the back— - -

ground program as the data become available . Using
the  address  an d blo ck le ng th  fi le , a separate mea-
surement table may be established in the computer
memory for each mode word in the mode file . Each
measuremen t from the measurement  processor will
yield two words, the I word and the Q word . There-
fore  each measu remen t  t ab le  e s tab l ishe d in the
compu t e r  memory w ill cons ist of a l t e r n a t e I and Q
samples. The block length word serves the alter-
nate  purpose of t e l l ing the  measur ement  sequence
generator when a measurement sequence for the
act ive file is complete. In this instance , the  )buf fer f iles are t r ans f err ed to ac t ive f iles a nd
the b lock t ra nsf er comp lete in terru pt is sent
to the computer. )

Computer  ou t pu t t ing to the  bu f fe r  f iles in
the measurement unit is via a direct memory access
out put  channe l . First, a software convenient file
address sequence is established . Next, the start-
ing ad dress and block l e n g t h  of the wor ds conta ined
in the computer memory which are to be transferred
to the DMU file buffers are set up in DMA output
address and block length registers. The output
sequence the n proceeds by memor y cycle  s tea l ing
from the back ground program.

I
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MODE WORD FORMAT

The measurement  sequence generator interprets
the  mode contro l wor d in the  fo l low ing m a n n e r :

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

Measurement  Mode ~~~~~~~~~~~~~~~~~~~~~~~
Number of 10 ~s cyc les I
before  the  en d of the
int er v a l  count  the
measure sequence is
to begin -

En d of f ile word

Next mode word address

The measurement  mode bit pos it ions 16 t hrough
13 allows for 16 measurement modes . Four basic
mode types , wa it , search , track , and settle have
been def ined a l though  it may not be necessary to
use wa it. Also severa l other measurement modes
will be required for test and calibration. Bits
12 throu gh 9 def ine the number of 10 m icrosecond
cycle intervals before the synchronous preset
counter overflows and the measure sequence begins .
Th is number may be as large as the t o t a l  num ber of
cycles in the measurement interval . Bit position
3 is set to a one if a measurement sequence may
end when the measurement is complete , The end of
the sequence is cond it ional  upon the end of a DMA
and block transfer. Bit positions 2 and 1 give
the  address of the next mode word in the four word
mode file . It may address itself or any of the
other three words. The mode control words contain
no information that must be changed or packed by
computer progra mming as the result  of informa t ion
derived from samples of the signa l. Once a mea-
surement sequence is decided upon the mode word
file for that sequence is established. The length
of a mode fi le for  a measurement  sequence m ay be
from one to four words.
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MEASUREMEN T SEQUENCE GENERA TOR

Figure C-4 shows the organization of the
measurement sequence generator. The main com-
ponent of the measurement sequence generator is
a 256 word b~- 8 bit read only memory . Suitable
i n t e g r a t e d  c i r cu i t s  f o r  c o n s t r u c t i n g  the  r ead  onl y
mem ory are readil y available . The read only
memory is used as the  micropr ogra m con t r o l l e r  ior
the measurement processor and the I and Q buffers .
The function of the contro l outputs , show n on the
right side of the read only memory , is defined in
t h e  m e a s u r e m e n t  processor s e c t i o n ,

The n u m b e r  of address  i n p u t s  to  t h e  read onl y
memory  d e t e r m i n e s  t h e  number of c o m b i n a t i o n s , or
words , requ i red . The f i r s t  J o u r  address  i n p u t s
shown on the  l e f t  side of the read  onl y memory

• a re  t he  mode c o n t r o l wor d b i t s  16 t h r ou g h  13 which
d e f i n e  t h e  typ e  of m e a s u r e m e n t  mode . This a l lows
f o r  16 ~‘ossible types of measurement modes. The
nex t  two a ck ress lines are the  two o~ t puts  of the
sync hronous preset counter , 2~ and  2 , w h i c h  de-
f i n e  t h c  f o u r  poss ible sa mp le poin t s  in one cyc le
of the koran signa l . The last two address inputs
to the rea d only memory are labeled first cycle
and  l a s t  cycle . The c o n t r o l  sequence for  a mea-
su rement  may be d i i  f e r e n t  f o r  t h e  f i r s t  cyc le  t h a n
for intermed ia t e  cycles  or the  last cyc l e . If the
measurement  sequenc e on ly  occurs over one cycle ,
the first and last cycles are the same ,

Th e enab le  input  to the read on ly memory is
the logic OR f unc t ion of f irst cyc l e signal . the
run  f l ip f l o p, and the last cycle signal. The
first cycle signal is generated by the start com-
pa rator. A suitable integrated circuit for the
start comparator is the 5485 gated ‘i-bit comparator.
The enable input to the start comparator is acti-
vated by the logical AND of the last three stages

• of the  sync h ron ous preset cou n ter 215 , 211 , and
2~~~~~~~~ . The next four stages of the synchronous
preset counter , 212 , 211 , 210, an d 2~ are the
Jour inputs to one side of the comparator . Toe
mode contro l word bits 12 , 11 , 10. and 9 are the
four inputs to the other side of the compa rator.
This arrangement .il tows the I u -st eve l(’ signal to
be generated under control of the mode control
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ADDRESS INPUTS CONTROL OUTPUTS

M16 —  — MDI

MEASUREMENT M15 — 256 X 8 — MDQ

MODE M14 — — ADI

M13 — MICROPROGRAM — ADO

I — CKI
CYCLE PHASE READ ONLY

28 — MEMORY — CKQ
— CIB

FIR ST CYCLE— — COB

LAST CYCLE 1L~ E 
~~~

j
ENABLE

F64 215
~~~~~~~~~~ 1

~~~~~~

U
F

~~

O

2~ 2 10 211 2 12

Fig. C-4 MEASUREMENT SEQUENCE GENERATO R

— 107-



-~~~~~ ~~~~~~~~ -•~~~~~ - -~~~~~ --- - •~~~~~~~~~~ - -
= 

~~~~ •~~~~~~~~~~~~~ - -•--. ~~~ • • : •~~~~~~~~~~~~~~~ - ~~~-~~~~~~~~~~~~~~~~~ •

THE JOHNS HOPKINS UNIVE RSITY

AP PLIED P~-4 YSICS LABORATORY
SILVER SPRING MA R Y L A N O

wor d a t  f rom one cyc le  to 16 cyc les  before  the  end
of the measurement interval. The number of cycles
before the end of the measurement interval cannot
be made longei’ than the number o cyc les in the
measurement interval .

The first cycle signal , in addition to ad-
dressing and enabl ing th~ microprogram read only
mem ory, sets the run flip flop . The run flip flop
is reset by the last cycle signal. The last cycle
signal is generated by the logical AND of synchro-
nous preset counter stages 2th throu gh 29. Syn-
chronous preset counter stage 26 ac t s  as the  c lock
f or the  m e a s u r e m e n t  sequence genera tor as w e l l  as
the measurement processor and the I and Q buffer
registers .

This measurement sequence generator organiza-
tion accommodates all presently defined measurement
sequences . New m e a s u r e m e n t  sequences may be added
to the  read onl y memory as t h ey  are  d e f i n e d .

SYNCHRONOUS PRESET COUNTER

The synch ronous  preset coun te r  is a 16—bit
dev ice . It is divided into three sections: the
first sect ion descr ibes the first four high speed
sta ges of the  coun te r , the  second sect ion desc ribes
the remaining twelve slower speed stages , and the
th ird section describes the logic required to trans-
f e r  the  i n t e r v a l  f i l e  word in to  the  synch ronous
preset counter .

The Four High Speed Stages of the Synchronous Preset
Coun te r

The first four hig h speed stages o the
synchronous preset count er accept parall el input
data by count delet ion. This meth od is used to
allow wide speed margins using series 54 Schottky
logic. Basic operation is shown in Fig. C—5 ,
wh ich shows one count stage of logic .

The 51S112 h i p—flops on the negative going
edge of the clock , CK , will togg le if 1)0th the J
and K inputs arc hi gh , set if the J input is hig h
and th e K inpu t is ~~~~ (lear ii the K input is
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.TO LOWE R SPEED STAGE

O 0 COUNTER
54S112 FLIP FLOP

J CK K
FROM HIGHER SPEED STAGE

O
DELETION

54S112 FLIP FL OP
J CK K

— f4

AND

114 54S00
O

r SYNCHRONIZIN G
34S112 FLIP FLOP

CLEAR
J CK K

LOAD
DATA CL OCK

1/6 54S04

INPUT DATA

Fig. C-5 ONE HIGH SPEED STAGE OF SYNCHRONOUS PRESET COUNTER
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high and the J input is low , and not respond to
the clock if both the J and K inputs have been
low for the duration of the positive c lock pulse .
The 54S112 flip—flops also have direct clear and
preset inputs which function independent of the
clock input.

The complement of the input data is trans-
f e r red  to the S y n c h r o n i z at i o n  f l i p — f l o p  on the
negative going edge of the load data clock. When
the set , or Q output of the synchronizing flip-
flop goes high the next negative going edge of
the signal from the higher speed stage , after
the  s e tup  t ime of the  J input  of the  de let ion
f l i p — f l o p , w i l l  toggle  the deletion flip-flop
to the set stage . When togg ling to the set
state , the Q ou tpu t  of the  dele t ion  f l i p - f l o p
goes down inhibiting the J and K inpu ts
of t he  c o u n t e r  f l i p - f l o p.  During the next
positive going edge of the signa l from the higher
speed stage , the synchronizing flip-flop is
cleared through the AND gate  which  is enabled
by the high Q output of the deletion flip-flop .
On the next negative going edge of the higher
speed stage , the counter flip— flop is inhibited
from toggling as the deletion flip-flop, with
its J input low , switches back to the zero
stage . This completes the count deletion of
one cycle of the higher speed stage .

The input to the first four stages of the
synchronous preset counter  is the 51 .2 MHz
oscillator and the four preset inputs . The
ou tpu t  is a 3.2 MHz s i gna l  to the 12 lower
speed stages .
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The Twelve Lower Speed Stages of the Synchronous
Preset Counter

The remaining 12 stages of the synchronous
preset counter are constructed from three syn-
chronous four bit counters . This , shown in
F i g .  C—6 , consists  of three type 54163 MSI
circuits.

These three circuits form a 12 stage
synchronous binary up counter with 12 individual
stage outputs , an all one overflow carry output ,
12 p a r a l l e l  d a t a  i npu t s , 3 .2  MHz c lock input , and
count/preset mode contro l inputs .

Dt~ta Transfer Logic for the Synchronous PresetCounte r

The logic required for data transfer from
the interna l file to the synchronous preset counter
are determined by severa l  f a c t o r s . The f i r s t
consideration is that positive true binary is
the most convenient form for the computer soft-
ware to generate the interval numbers. The se-
cond consideratthn is that the first four stages
are up counters and their parallel data inputs to
the  dele te  logic are in e f f e c t  sub t r ac t ed  f rom
their count value . The fina l consideration is
that the last 12 counters are up counters and
their paralle l data inputs directly preset their
next  count  v a l u e . Also , the en t i r e  16 b i t  coun t
overflow condition is all ones , whic h is equiva-
lent to minus one in negative two ’s complement
notation , and is about to overflow to zero when
the data transfer of the next interval word is
to occu r.

— 1 11—
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To arrive at the proper transfer logic , first
consider the  case of a 16 bi t  up counter  w i t h  the
ove r f low  c o n d i t i o n  of a l l  ones . Data are d i r e c t l y
transferred to the f ir s t  four  stages as w i t h  the
last 12 stages. It is necessary to load the neg-
ative two ’s complement of the interval value de-
sired into the counter on the clock interval pre-
seting the counter overflow to all zeros. This
could be acco mplished (Fig . C— 7) by t r a n s f e r r i n g
the one ’s complement , or bit by bit inversion of
the next positive interval word through one inpu t
side of• a 16—bit paralle l adder and raising the
carry input of the adder to convert the output from
t he  nega t ive one ’s complement of the in t e r v a l  to
the  n e g a t i v e  two ’s complement .

However , the first four stages always over-
flow to all zeros creating an interval length of
at least 16 counts of the 51.2 MHz oscillator .
Therefore  16 counts  must be subtracted from the
rema ining 12 bi t  posit ions of the positive interva l
word , or added to the negative interval word be-
fore it is transferred to the last 12 stages of
the up counter. Since the deletion method employed
in the first four high speed stages amounts to
di rec t  s u b t r a c t i o n, the four least significant
bits of the interval word need not be complemented .
The resultant transfer logic consists of a 12-bit
parallel adder and 12 inverters as shown in Fig. C-8
with the high speed delete counter and low speed

• preset counter.

The 12 inverters complement the 12 most signi-
ficant bits of the interval word while the adder
with the raised carry inpu t adds 16 counts to the
complement interval number . The 12 inverters re-
quire two type 5404 integrated circuit packages ,
(six inverters per package), while the adder re-
quires three type 5483 four bit parallel adder
integrated circuit packages. These five integrated
circuits form part of the 16 bit snychronous
preset counte r  block show n on the measurement u n i t
block diagram. The synchronous preset counter
block contains 16 integrated circuits.

The one possible limitation of this synchro-
nous preset counte r  des ign is that the mini.mum
interval word value must be greater than 16 oscil-
lator counts or 0.3125 microseconds. Since the

-1)3-



- -
=-

- - - -~~~~~~~~~~
-
~~~~~~~~~ ~~

— —--- - • - -
~~~~

- — - — ---

I 1
THE JOHNS HOPKINS UNIVERSITY

APPLIED PHYSICS LABORATOR Y
SILVER SPRING MARYLAND

I
I
I

C’,
0

L
+i T’~ H ~~

~ ;~~~

-

~~~~
- iu

_ _  
H 

I
‘\ H”I- I-

x
a

— o

-114-

- • -



- - --- - • • — : - - - ---- ~~~~~ - - : : • : — • -----

THE JOHNS HOPKINS UNIVERSITY

~D PHYSICS LABORATORY

U,

w
I—

Ui
w

v,I, >

I- CV N ~

N

N

w s \ f t i  I H
T~~~

I— I I~

~~ UJ
O I

0

LL.

—11 5— 



I ,
THE JOHNS HOPKINS UNIVERSITY

APPLIED PHYSICS LABORATORY
SILVER SPRING MA R Y L A N D  I

m i n i m u m  sample in t e r v a l  is 2 .5 microseconds ,
interval word values less than this minimum
will not be required .

SELECTION OF LOGIC CIRCUITS j
In the  se lec t ion  of logic c i r c u i t s  for  the

prototype design of the DMU , cost , es t ab lished
reliab ility, and ava ilability were considered .
S t a n d a r d  power series 54 b ipolar  t r a n s i s t o r -
transistor logic was selected . The cont inued
use of integrated circuit functions available in
14 pin and 16 pin dual inline packages was also
dec ided. These packages are readily assembled
on standard m a t r i x  l ayou t  boards .  In porti ons of
the DM15 where higher speed is required than stan-
dard series 54 logic affords , Schottky clamped
series 54 logic , wh ich is voltage and signal
compa t ible w it h  s t a n d a rd 54 logic , can be used .

In an operat iona l design where lower power is
desired than standard series 54 logic requires
for ease of high density thermal design , low power
series 54L logic and low power Schottky clamped
series 54L logic may be substituted for the stan-
dard power series 54 logic. A micropower measure-
ment un it utilizing complementary metal oxide
semiconductor , CMOS , circuits may be designed
which could be battery powered. If an extremely
h igh dens it y ,  low cost , high product ion design is
requ ired , the DMU can be packaged with a few large
scale integrated circuits (LSI) most likely using
P channel metal oxide semiconductors (PMOS)
techniques .

Manufactur ers ’ integrated circuit catalogs
and app licat ion manuals can be used to obta in
d e t a i l e d  i n f o r m a t ion on the  i n d i v i d u a l  series 5 1
logic e l e m e n t s  used in the  des ign of DMU .

OSC I LLATOR

Table C—3 gives a manufacturer ’s specification
ol an oscillator suitable for the prototype Super
R e c e i v e r / N a v i g a to r . Severa l  other choices of
m a n ul ac t u re r s  are av . ’ilable . The oscillator
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Table C-3

Oscillator Specifications

Parameters Specification

Type VHF High Stability Frequency Source
Manufacturer Greenray Industries , Inc .

Model No . YH-522—45

Frequency Range 20.1 MHz to 120 MHz (specify exact
frequency desired)

Stability at Fixed
Amb ient ±5 x 10-8 per week

±1 x lo~~ per 70 milliseconds±1 x io ’
~ per second

±1 x 1€r8 per 24 hours

Stability Over Temperature
Range ±5 x 1O~~

Temperature Range 0°C to 50°C

Output 0.22 V RMS minimum (1 milliwatt)
into 50 ohms

Output Waveform Sine , harmonics , and subharmonics
down -20 dB minimum

Spurious Non—Harmonical
Rela ted  Noise Down -60 uB minimum

Inpu t  +28 V DC ±2% r e g u l a t i o n  fo r
oscillator and oven. RF input
filters on DC leads .

Size 2—1/8” x 2—1/8 ‘ x 4-1/4” high

Connector 05M style

Note Meets mil itary specifications

Price $489.00 1-3 units
$199.00 100 units

— 11 7—
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specified is of the proportional oven—temperature - .
con t ro l l ed  c r y st a l  type . Osc i l l a to r s  of t h i s  type
have a frequency adjustment located atop the unit
to set the  o sc i l l ato r  exac t ly  on f r equency  and
compensate for long term aging . Thirty days of
c r y s t a l  a g i n g  is recommended before  f i n a l f r e q u e nc y
adjustments are made.

I

I I

I
1

I .
I
I
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Appendix D

SOFTWARE NOMEN CLATURE AND DEFINITIONS

The use of ex t ens ive  n o m e n c l a tu r e  was r e q u i r e d
in the p repa ra t ion  of the Super Receiver/Navigator
flow charts and subroutines . Fig . D—l is a key to
the abbreviations and layout used in the flow
c h a r t s , Fi g .  D-2 shows the ea r th  o r thogona l  co-
o r d i n a t e s , and Fig . D— 3 is a d i a g r a m  of the p l a n a r
coordinate system . Table D-l includes nomenclature
for parameters used in the Search , Settle , Track ,
SID, Newtrack , and Nav iga te  s u b r o u t i n e s . Para-
meter dimensions , scale attr ibutes , def in it ions ,
values , and the subroutines in which each appears
are also listed .
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Table D-l

Subroutine Nomenclature

NAME USED IN DIMENSIONS AN D D E E I N I T I ~~~11 , USI, All, ‘.‘AL ’JE

ROUTINE SCALE ATTRIB UTE OF r, t I .IETF ~ 1

A TRACK Radians/Second SecorI,i orde r  11 ~~~~~ ~‘ n_ st  l a o  ‘ all-
F l o a tin g  Point stant  t w , ’  ¶ i ” e - ~ ho lil~’ I- r u ’  ‘ N - : —

tor  t 1 r~es ‘ lIe I I’

q u e n c y .  I’ U i UL’ Is . “‘ ‘t N G

AA TR A C K  D i me ns i on l e s5  Low p a ’.u:: f 1 l r i ’  I’ Il O c-: r i : ‘ III ’
Floating Point e x~~r’ ,” ’= -i “j iut ’ - ” ‘ 1 ’  V D i t  I ’O L. .,’

I’: A-I , ~~ V . 1  a’ I s

AAA 510 Me ters I I : . l r’io~~ I r  A , u. ’ - 18 of’ r a ! ’ .
Floating P1- i  It  The ,‘ i I WV is “IT ~‘

AAS SETTLE Dimensionless T .-’rm r ’ i r . . I , t ’ ,’ I ‘.‘~~~ . , ‘ LI!’ Ii
F ixed Point A : .

ALPHA TRACK Radians : - - - a a l , r ’ I~~r ‘1 1’. I ’ ’ I l i~~~ l ’, . !  II i I , IV

F l o a t  in g  P o i n t  f , o . : T :’ . -~~~ i~ ‘11111 i’A~ -

A L P H A C  SID Meters !‘ a ra re t  Il l’ ( J r  Ie ’.’ ei’ Ill ha 1 ,
F’1 , ! T : ~ P o I n t  I I I’!’ . - - I’ ~,-I . ~. S

A LPI!AN NAVIGATE M e t e r s  F l ! ’ - I’G l - ’ e r  ( i : ’ eI’ o 1’- lt e r  ~ :: -
F1~ .a t  log Point p a’ ”  l1~ a! I .  , l,I V I I  uc Is

II .I n I- a t . ’ 1 .

AM SETTLE DIIIC ’ u a I o n less ‘:“nr t - :I r -.- I -1 I’!. I v~~~I,TI ’ 0 ’ .
II x ” .I - )int.

AN NA’ ,’ I J A r F .  M V I I : : - -:  I: ’ I ”I” ’ l.ir A , o ’~ ’ ll~ 
I~,.’ G

II I t  ‘ l Ilt F! , ’ s u e  Is  - - ‘11 ,l .‘

AS SETTLE .1 ‘t e a ; l o r I l e s s  ‘ , r t ~ ’~ - V r u . ~~nl o r  . U V C ’ -

T I l l  ‘ ‘~~~~~~L ‘ I’ V ’ 5 “ ‘I
SI ~‘~~i 1 . l f l l iIOi

S F . - NII.I  A T E  M et e r s  A .  I~~~— ’ r l . k— l l  I II. I 10  ,‘- -
‘ I . I ’ I : g  F ‘ m t  V , l i , V  Is V ” I ,. ’ t’

AFI. - M I N  % A V 1 ; A T E  ~~
• 1 er  F l : . l n u ~ V I . .” u l  I . , , ’ II, A 1

- Il ing I’ - I nt r , l l a u v I ’ r  a , ’ , T ! o ’ S I ’ II I s

ST I R t v , ! A ’ F F  ~I’’ I’ l ’Y S e ’ ,,, . I A l  - ‘ — ‘ r o - Y 1 1  ‘ a. . t o
1 1 . 1 1  R I’~~lnt 1 , - V . a . ’ 13  V - ‘ ‘ - 0 1 1 , ’ I -

B T I A ’ K  ~~~~. C - ~~~ ’ , Y ’ ’ ~~ ! r I o T ’  ‘ ‘  ‘ - ‘ - : I I ’ I C’ ’ I

Al I’ ‘ I n ’  I’ ’ i ’ , ’ ; ‘ I ’ .1 : 1 1  r I  I ll

l u l l ’ !’ , 1 1 1 — Y
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I
Table D-l (continued)

S’ibroutine Nomenclature

1
NAME USED IN  DIMENSIONS AND DEFINITION , USE, AND VALUE

ROUTINE SCALE ATTRIBUTE OF P A R A M E T E R

EBB SID Meters Parameter B , page 18 of Ref . 5.
Floating Point The value is computed.

BETA TRACK Radians Second a:’der filter equation scale
Flo at log  Point f a c t o r .  The v a l ue  is B t i m e s  TA’J.

BETAC SID Otm en slonl er s ?‘.a:’arleter ( - m e ek  l e t t e r  b e t a ) ,  page
Floa tIng Prrint 18 of  I.e V .  0 .  The value is corn—

p - u n  e d ,

BETAN NAVIGATE L !me:rsmonle ss Parameter (iree,c letter beta) , page
Float Ing Point 18 of’ PcI’. The v,olue lii corn —

I l l! e,i,

EL DID Mt- V r a s e c o n d s  A:u a r r a y  of a l l  b l I u l V i l l Ie  l Y ’ i lR ’ ITS
N A V I ’ J A T E  F l o a t i n g  Point from t r a n s mI t t e r  to  t r’a:urr!T t l’ r in
N E W T H A C X  a c h a I n ,  The v aL u e s  ‘ore g r o u n d

‘ lrn:- uI ed,

EM DETTLE Dimensionless ‘ l , I ’ n u,: ’ l r v  stored value of’ p.ar-lmt’ t Cr
Fixed Point 131 ’ .

EN NAVIGATE Meters Parameter B , page 18 ç f ’  P e f .  5.
Floating Point The value Is computed .

ES SETTLE Dimenston less C ‘ out” :’ of’ number 01’ succe ssful
Fixed Point am p litude con s l - -teloy te sts f’r ‘Q’

1 grIa I n o m r - - o ~ ’’.t -

C T R A C K  C o u n t s  The  .Iur’ltler - ‘ V  5 1., !  141-I c o l o ~’k T u l n I l s
S E A R C H  F i x e d  P o i n t  I n - - IT I ! - , ’ s ta rt  u ! II, ” I - : a l  JI l l t
SETTLE t h e  I Ir e  t h e  I . - : ‘  a: llg:I:ll Is re—
14EWTRACK - ‘I’ l v I r d ,  The V I  I ’ ue  IT ;

CCC D I D  M e t e r s  . I!:,e ‘‘ “ T o , I I ’!’ 18 ‘f 1 ,I~ ! ,  5.
Floatin g Point Oh’’ V - I  ru e  I - :11-uI Ii .

CD 510 MI ~roveCo fld z Ar u a r r 1’,  of  - .1 1 : u g  a d s  ,‘~~ I ’ - : ’  - - , c ! u
I J A V ! J A T FI F l - r : i t i n g  Paint I ‘ l I u : O ’ r ! t ’- I’I’ , Fhi’ V a I G I ’ ’ II’ I’

NEI~TRAC I(

CLA T N E W T R A C K  [ I m . ” l r ~~on i ev s  I Ill ’ of the , I t !  t u  II’ - V r Iun’ - e : u -
I ng IL !0 ’ ’r ’  1~1 ”  I !’ ’ In I I-I  5 - ’’ I I’ ’ , I VI ca— —

I I - ‘ r .  - hI’ 5:11 UC 10 ‘- M I  u , I  I’

CLAT 11111 II! mel - - 1-011 053 1’ 1 a’ ,a f  ¶ 11,’ 1 u T  I T  a l’  - !  -en—
I ng Po lru ’ 1 :‘ - 1 .1 ~ 

a iii t I’ In -~ I,!! ‘ I ‘ - ~‘ -u ‘ :I~ t aI l S

, ! l  I ILIh, “ I. ’’ 5 :1 1 1” ! - - r : : , 1 , - l .

t

T

-124-



THE jOHNS HOPKINS UNIVERSITY

APPLIED PHYSICS LABORATORY
SII.WSR PSIMS MARYLAND

Table D—l (Continued)

Subroutine Nomenclature

NAME USED IN D I M E N S I O N S  AND D E F I N I T I O N , USE , A N D  V A L U E
R OUTINE SCALE ATTRIBUTE hI” P A R A M E T E R

CLATO NAVIGATE Dimensionless Cosine of the latItude of the ,en-
Floating Point troid of t h e  triad used for’ naviga-

tIon. The v a l u e  is computed.

CLON N E W T R A C K  D i m e n s i o n l e s s  C o sIn e  o f  t h e  1- : f t t ud e  01’ t i e  cen—
F l o a t i n g  Po in t  t rold  of  t h e  trIad O I l e d  f r  navi-

g a t i o n .  II; : value is comp utl -d .

CLON SID D im e n s i o n l e s s  C o sin e  of t h e  l o r r i ’! I -ade o f  • c - ‘ e n —
F l o a t i n g  P o i n t  t n - - I - I  o f ’  a l  I t~ - u r : -, ’- rI  I t  I :,,‘ 0 ’ 1

of’ a c h a i n,  The “a la”  l u r  ‘ T iled ,

CLONO NAVIGATE Dimensionless CosIne of’ t h e  1 -r~~I lair of  l L , ’ -:c:, —
Fl oating Point t r ’o l i  of the 1:1 1 used F - r

tion . Iho’ value Is a’ rIps ’ 1,1 ,

CN NAVIGATE Meters Parameter C , 0:1,” 18 o P 110 f’ 5.
Floating Point The value is computed.

CPSIA NAVIGATE Dimensionless Cosine o I l  he u l c l m u t h  i f  T I,,’ r e —
Floatln

~ 
Point ceiver wi l u  respect t o  I I’ IT, I0 ’T i ‘ t el ’

“A” l o c a t i o n .  ‘l’he value is -Ol l I lu led ,

CPS IB NAVIGATE Dimensionless CosIne 01’ the aclrru t h of’ ‘he re—
F l o a t i n g  Point CE’! ver with :‘I ’::i ea t ! u -  ‘ r:I::rml T I s r

“B” l-a-::ulI--: , 1 -,e value ‘, u : ~~ ’u - m p : L ’ i ,

CPSIR NAVIGATE Dimensionless CosIne ol’ tI, a. ’ I i n - u t h  a
Floating Point ceiver w I t i ,  r o u t ’ s -  n” I I ’  r ” - :  e

-n :! ‘ t o : ’  ‘h ”  I a  c a t  I a  ru TI;”
value Ii; c 0 T ’ 4 - U I  o,I ,

CTC NAVIGATE Dimenm,ioniess Cosine of’ t r u e  c u r - I c .  The v a l u e
Floating Point is s’-aru:’uI ad ,

CTE NAVIGATE Meters (‘ l ’OIIS t I ’ l ’ k ” I ’ T ’  o r, The v u l u e  Is
Float Ing Po iTIt c- mt at.’

CTER NAVIGATE Meters/Second :‘ r’ c -n ,s — t t ’ , t : k— e r ’ r - r ’  r a t e .  F l u e  v a l u e
F l o a t i ng ,  Point is cov,t-ute,i,

D S E A R C H  L - i m e n s l - - n le s s  C i r c u l a r ’  t I t l e  illiuluc r ip t , TIe’

Fl s e l  P o in t  va lue  n o ; ,’’:: I’ l’~~ lll 0 1 0  t o  ‘ I g l u ty .

DI) SEA HCH D i  a- I - r ,  I e : - a - - n,. 1 va J ,un ’ ~1 I’ I) ‘I ’ t 1 r n ” - !’ pu I
Fix  n - i  Po lot d,’’ 10’ 1 1 , - : u ,  The VII I IC 10101” ’’ ’ 1 ’:’ IS

V l ’ T ’ l t o  ~ I ‘1:1

DDA l I D  he!  ‘ ‘ p .  “-u ’ - ,” ’ I, or - . 1;’ . - , ’  k l e t ’  er  m a  I A),
“ 1 :- I  t i ll-I P o I n t  

~- ,n’’’ I” ,, I ‘
~~ ‘. , ‘ - Oh’’ vs a’ ’ Is
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I
Table D-l (Continued)

I
Subroutine Nomenclature

I
NAME USED IN D IMESSI ONS AND IJE F INI T I :13 1 USE. AND VALUE

RCIITINE S C A L E  A T T H I B U T E  OF i ’ A I l A M E T E F

DDAN NAVIGATE Meters Parameter (Greek letter mu. sub A ) ,
float Ing Point page 13 of  R e f .  5. The value Is

computed,

0DB SID Meters Parame ter )-Jr ’aek letter mu sub B),
I ” l : - :u t i n g ,  P o t r : I  page  19 of 1-o f , 5. The value is

c’:-mputed.

DOBE N AVIGAT E M e t e r s  f a r ’ :u m e t e r  ( 1:’ s’ek  e t l er  ma  o u t  B),
Floating Point P 1 1 1 - n  18 of’ I s ! ’ ,  0- The V l l ’ sO Is

c o m p u t e d ,

DOD SID Meters !rnal— ’:ter I’, r are 18 of’ He !’, 5.
Floating Point The u’ , I u e  ~ pa led .

DON NAVI GATE Meters Tr’-ir o mtt te r— t - —r’ ,’a,-Iv er flvI :ur:ce
“ b ating Point -I! t I d e : . .  vs ml :uts ’-i  f r ,  lv I I ’v e

DEL SID Meters Squared Parameter (Greek letter felts ),
F l o a t i n g,  P o i n t  p a g e  18 of R e f .  ‘a The  v a l u e  I s

co ns u l  ed,

DELE NAVIGATE Meters Ea st  I r ,~ 115! i : ;ce  it  ! ‘V e n e r : a e  t e l  w e e n
Floating I’~ I r u t  r i- l I ’  I v e r  Cur:  I n e x t  S - ;lSt !: !  , Va l ue

I n  sa r i - o u t e d .

DE LN N A V I G A T E  Me te r s  Squared  ‘ ar ’ u m ” I e r ’  )‘iz’eek Id ler -I’-l ta) ,
P l o t t l r u g  P o in t  P:,, ’. , u 1 of ‘of. 5. The  v a l u e  i s  

a t e - i

DEL NN N A V I G A T E  Meters N o r t h !  o’ 1101 - o u c e  d I ! ’ !’~’ r e - I c e  be—
— FloatIng Point t w , ~’ : r u  r ’ e - : e l v e r  a n d  n e x t w:l~ ’ p - I n t

‘Ihe vs 100 15 0 1-C - :; I e l  -

DELR N A V I G A T E  M e t e r s  I : a r , r e  1! f’ferer;ae I : - l e r ’  l : : u e I - ’ ” w’ c r1
F l o a t i n g  P o i n t  know : ;  a: -1 C -rO ut  c-i  receiver p :0 1 —

I I r ~~ . The value In 20 ,000.

DELTA SEARCH Volta Tolo:- :, ru, ’e a n d  I r ,  ,‘ t r’Ir- l I l a - i , ’  c i ’r u s l  5—
Floating Point t e o ’ v !n -  : 1 1 5 , 1 1 - ct’ v a l u ”  is 0.1.

DELTAN SEARCH Coun ts I r  c r - , ’ r ’ m r ; t  i~ I I I ’  h Ull!! en  - - F  5 1 , ?  NIl : ’
Ploatlng, Poiru t c’ I’ p ’ u l : s - r - , I I .  he \ ‘ ‘ o l ’ u ”  I~’

- ‘ - - IT - :1’ P - I
DELT A S SETTLE Volts ‘i’o l , - t - , ’ : , -e t-nn t w t ” r c  1 w  

fll’.atlng 1-L int T0~r v :’I:~~’ in , 0 . 1 .

I
J F
I
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Table D-l (Continued)

Subroutine Nomenclature

NAME USE D IN DIMENSIONS AND DEPINITI°!I, ‘1SF, AND VALI’E
ROUTINE SCALE ATTRIBUTE OF I AR A I-I l-:TEII

DELTAT TRACE Volta Tolerance used I:u reJecttng TRACE
NEWTRACK Floating Point input data , TUe value is c ’r r r p - a t e d .

DELX NAVIGATE Meters The eastt::g, dIfference between two
FloatIn g Point ad ,’:ucer:l w ay po lrats. The value I c

C o ’l’O a t  sd

DELX S I D  Peter’s Ta’le r :ur,ce L- s’tween kruo - w’ ru m d  a , , rn —
F l o : u t t n g  P o i n t  r a t e  1 r ’e - a e lv e r ’  I oa ’utions. T 1- ,i-

v a l u e  I : ’ ~~~, O O 0 .

DELY NA V IGATE M e t e r s  I’1-ue rT~~r - t h I r h ’  dll ’ferer-uce between
Floating Point two Ii~ ,,‘er:t W S V T I a  lots. Th~ v a l u e

Is c - r ,r’ulI- I.

DLTATO SEARCH Volts h ! o I n , u r q  ‘tal’a e o r ’ f F 1 0 1 1 .  ‘rh~ v~~1ae
NEWTRACK Fisa tin G Point ~s one.

DLTMIN TRACK Volts Mirulm u rn value of’ toleranne cu r-el in
- ‘ l i s t i n g  P o i n t  r’- ,I e : t l r u g  l ’ P A C X  i : u sr  - i a t : t . T1;e

v : , i - ;,- Is  ~~,, ~~

SN IIA’.’ I - C A ’TE I-Iet”z’ , “lr ’arus’ler’ I - , ‘a, ’e 19 of 1 - I f .  5.
I - l a s t I n g  Point The v a l u e  t s  a - no -at  —i,

DT NAt-b ATE Seconds Delay t i m e . Th e  v a l u e  i r ’, r ,~~r :’ .
“ ‘ 1 , - i t  I r u g  P a I n t

D TH MT t i A’,’ I ]A ’r E  DI  r r , ’r a- I ‘ n les s  P et e r m l  ‘101 of l ’I ’ 1~~l 0!  a - 1 1  1 - : 1  l ; n
‘1- au! l o g  f a i n t  of ’  r ’r e , : l s l  r u .  1 l , e  ‘.‘ : i 1 - s ~ C u i r r p u t e - i .

EEE I’ll) F~’’ ,’ T’ r l ’a lu - ir ’e d  Pa r ’ , r r u e t e r  H , ~
- c, ’ ~8 of ’  R e f .  5.

! “ i a a t  i ng  f - - I r u t  f l u e  v a l  :1” is - - - i v r - a I  - - - 1 ,

El 1 PAC K V o l t  Ar ,  array ,u ” v .1111 1 ,” ’!’ t h e  s m o o t h e d
SEARCH El :,t ir ur Point values --I ’ the ‘I’ - a - am p - r i o r u t  of  the
Nr,V’ I C A T E  1 , ‘ :, r oe : - - I c , The v u i l u ’ .’ I i  c - ’v p U ! e d ,
N F W T P A  K

EIG 11110K Volts ‘l’l,e e x r e ’ t , ’ ,i V a l u e  - I ’ ’ t.<’ El s r - e l
F l o a t i n g  P o l n t  f r ’  g a I n  c ’ o ’ n t n , ’ I .  T h e  v. i ~~u;e Is

FtP TRACK Vo l’, (ri ’ T - r ’ ” - i ’ , a t  .1 V J 1 o’ of I he ‘1’  -:
I-’ Ia  , I ng Po l  n I I :’ ’  - I o ” ’ 1 - u,- I t  , S amp I C . Oh s’

V . 1 1 - , ’’ I x  s’ ‘11 0 1 , 1 ,

FE U I V I  A T E  M e t , ’ r ’ :  ‘‘- i - u I ‘ o f  I 1 1 1 0 , ’ ’ 1’ !’ U , i g’’ 19 u I - P T ’ ,
I - I - -  a l~ ‘1 I 1:11 ‘1! - -  a - i l u ’  I a  ‘ - i ; !  el.
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Table D-l (Continued)

I I
Subroutine Nomenclature

NAME USED IN DIMENSIONS AND DEFINITIdN , USE , AND VALUE
ROUTINE dCALE ATTRIBUTE OF PARAMETER

EP NAVIGATE Meters An array of easting planar coordinates
Floating Point for each transmItter. The values

are computed.

EP TRACK Dimensionless The expected number of U-ar-ira pulses
SEAR CH Floating I’oint accepted. The value Is s, rn 1 ute .i
NEWT RA CK and rInres from zero to e i g h t ,

EQ TR A CX V o l t s  An a r r a y of v a l u e r  of t h e  .:‘voo thed
SEARCH Floating Point values of’ t h e  ‘Q’ a:-ri t- an s-rut of 1 1 - i C
N E WT RA CK d at a  s a r r r p i e .  ( 1 - v  v a l u e  I;

EQP TRACK Vo1t~ ‘The pr ed l-: t el value of’ t I, - ‘ ., ‘ com—
Floating Point p-~ 1,-rut of t I e -i ,ta sample, ‘(Ice

v alse is a ‘v p ut C l .

ERR NAVIGATE Dimensionless Ea atirg ~~, t s  rat Io tu ~-r :1-:igit Ion
Floating Point ve la - ‘ I t : ’ , The value is a - rvpu ted .

ES TRA C K Dimensioi-iiess Sta t lOr , sub scr Ip t (ldent ~ f’ier).
SEARCH Fixed P’air,t The value of ES ranges fr as’ zero
SETTLE I s  t in , ,

NAVIGATE
lIE WI’ 11- A C K

ETA SID Dimen~,lan Ien s I’ , r’:i r’u eter (-Ires’k 1 .-Il er el i ) , l ag e
Fin -stin g Iolnt h al’ 1-cf . 5, ‘(I.e value Is - ‘ - - ‘ v p it e c i .

ETAN NAVIGATE Dimensionless Parameter (Greek letter eta), r:sg~’
F l o a t I ng  Point 18 of’ R e f .  5. The value IS a’-m r uted ,

EX REWTRAC K Meters An array c- I’ easting p l an ar e, --- r dln -
Floating Point ates (01’ each t n’:,~ c :- r r I ! I  e r .  The

values are c - m r - - i t s - I .

Fl SEARCH DImensionless “ lag . FisO one tine .u r c l y to :1”
Fixed Point I- - - : u l c i - :  ‘-, ; o ’. h , ’ rw l n s ’  ‘,‘ ,, iu , - ’ I :  I.

P2 SEARCH DIme nsI onless F l a g  , P ’ ,’~~O w h e n  ~~~~ nlg na l o’~~ ’v-
i i  xed l’ojrut poru ’’nt ‘,‘ml’ aer-. ar,’ larger i r . ,u r vt-  1 1 —

t ado 11 - . - ,.’ ‘a; ’ ~i cIn:a I a. - mp’-:r,’ n I
v a l ue s ;  - t  ‘‘rwtse v a l u ’ ’  I . : o : ’ . ’ .

P3 SEARCH l : I r r s ’ r ; u , t r , r u l es : ;  “ 1 i,’ F -~~I I -  r evs ’ r:  1 - i t - ’ :  ‘‘‘i D I I ,
i - I  x v i  P oI r . t  a : u I l f - - ~’ - - I - i  l 1 - ,-~ - I c  I 11 - I  -
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Table D—l (Continued)

Subroutine Nomenclature

NAME USED IN DIMENSIONS AND DE F IN I ’T b OS , USF~ A U D  VALUE
ROUTINE SCALE ATTRIBUTE CF PAHAMEI’EP

pff NAVIGATE Dimensionless Flag. F~i—0 one tIme t o  check sign
Fixed Point  of ’ squa re  root for each triad ; other-

wise value Is one.

F5 N A V I G A T E  D i m e n s i o n l e s s  F l ag .  F5~ O when l2 l’PMI’ Is worse than
FI xed P o i r u t  good l i m i t .

F6 N A V I G A T E  D i m e n s i o n l e s s  F l a g .  F6= O n -ne  t i n u e  aI’ t , ’ r ’  each
Fi xed Po in t  w a yp o l r , t c h a n g e ;  - , t h e r ’w l n e  v a l u e  is

ore.

F’FF SID Meters Squared Parameter F , page 18 of Ref. 5.
Floating Point The value is computed.

POD NAVIGATE Dimensionless Frequency offset corn- e s - tIn -n, First
Floating Point value set to or e , then value Is

compu t ed.

FN NAVIGATE Meters Squar’ed Parameter F, page 18 of’ Ref. 5.
Floating Point The value Is c- mputed .

O TRACK Decibels An :uT-n’a ’ ,’ - 5  v - u l u e s  der:,:I ing the gain
SEARCH Fixed Point s t  ,g requIred ( - r  r i O  transm Itter ,
SETTLE The values arc -a - n o u t e d  ar -i l l s  t - e ~
IlI’,WTI1-A CK twser , 1 - lAX ar u -1 IPIN,

G A I N  SE A R C i 1  Decibel Value -- S 1111 1 r ‘ h i  - t i ’ : ,  c a n - n I t  I
Fist-I Point Tor’ ’au, i T s -  0,11 ’s - .  ‘ u ’ s r  - t -  IOU .

GAMMA 1110 Meters far.arnel c i ’  (h - - o k  tp ’t ten’ 1’,~ ”TT ’ .Oi ) ,
Floa ting Point t u : , c ~,’ I” f — c ’ ’ ’ , ‘ - ‘The “5 Ia ’ ’ Is

GAMMAN NAV I IJ A ’T E l’Iet era Puir’ -,me t “r’ ( in’ -” 1, 1 , ‘ t  r eu ,‘a sr ’u I I ,
P 1 - s t I n g  P o i n t  n ’ -,a” - ‘ - lU,’ V I , ” I : .

C u ” r .’ I e

G, uL IM NAVIGATE DImensIon less 1- ’ - c l ru ”as  l l ” , I I  on ge m e t r I c  I l l - .! I - a r c

“1- -- i t lng PoInt -,I’ p- re c I n- ’~: (i . e  v a i u i -  I s  0 . 1 .

GOG SID Meters Squared Parameter 1 , r a g s -  I F  -~ f’ I s - ’. 5,
i t  log Point C l u e  s--il ue Is C -  rrru’ ute d,

‘IMAX SEARCH I” - It” ‘T l,o m aix l-r-’usu value of - l AI N ,  f l u ’ -
EEWTRACK -‘I s - - I - aInt ‘,‘- , l u,- Is 100,

dM IN 1 1 1 1 - C R  l:e ‘Ils ’ I C lu ,’ -nI ac! ‘nun’, V a , ”, a i r- ol ’ 1111 . The
I Po! r u t v,,Is,’ I a  0 .

111 11151 1- IC E ‘i’: ’ 1 ‘a ’q’~iare- 1 I in’ : ‘ - ‘r 1 , u in’ 1~ ~f’ f~ 5
I”!- ’ it o.’ Yc’lnt ‘( l c t -  v i i  us ’ i~~c , ‘ - in :  i ‘ - i  -
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Table D-l (Continued) I
Subroutine Nomenclature

NAME USED IN DIMENSIONS AND DEF INITION , USF. AND VALUE
ROUTINE SCALE ATTRIBUTE OF PARAMETER

GRI TRACK Seconds Length of group repetition interval.
SEARCH Floating Point Value depends on Loran chain used.
SID Values range from 0.0393 second to
NAVIGATE 0.1000 second .
NEW TRA C K

Hi SEARCH Dimensionless Temporary storage for parameter P.
NEWTRACK F ixe d Poi nt

Hi SID Microseconds Temporary storage for parameter T.
Floating Point

112 SEARCH Counts Temporary storage for parameter C .
NEWTRACK Fixed Point

H? SID Volts/Sec Temporary storage for parameter QR
Floating Point

113 SEARCH Decibel Temporary storage for parameter 0.
NEW’TRACK Fixed P o i n t  a

HIs SEARCH Dimensionless Temporary storage for parameter TR.
NEWT R A CX F ixe d Po in t

115 SEARCH V O l t s  Temporary storage for parameter El.
NE WTRAC X F l o a t i n g  Point

116 SEARCH Volts Temporary storage for parameter EQ.
N E WT R AC K F l o a t i n g  Poin t

H7 SEARCH Volts Temporary storage for parameter EP.
NEW’FRACK Floating Point

118 SEARCH Volts/Sec Temporary storage for parameter tR .
N E I 4 T R A C K  Floating Point

H9 SEARCH Volts/Sec Temporary storage for parameter QR.
NEWTRACK Floating Point

Hl0 SEARCH Volts Temporary storage for parameter
NEI4TRACI( Floating Point DELTAT.

Hli SEARCH Microseconds Temporary storege for parameter T.
NEWTRACK Floating Point

HE NA ’/IIATE Radians HeadIng error. The value is computed.
Float ing Point

HHH DID Meters Squared Parameter H , - i ge 18 of ‘cf. 5.
‘I-u ,t I n g  Point The value Is ~ - ‘ rnp ute- l .

I
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Table D-l (Continued)

Subroutine Nomenclature

NAME USED IN DIMENSIONS AND DEFINITION , rj~~p~ AND V A L U E
ROUTINE SCALE ATTRIBUTE OF PARAMETER

HN NAVIGATE Meters Squared Parameter 11, page 18 of Ref. 5.
Floating Point The value is computed.

I SEARCH Volts A circular array of I I I signal corn—
SETTLE Floating Point oonernt data nan ’rolen, Value is from

zero to five ,

ILLIM SETTLE Volts AGC lower limit voltage . Value is
Floating Point 2.0.

10 SETTLE Volts Va l ue of (‘irat SETTLE data sample
Floating Point for ‘1’ signal cc -mtuur e ru t , Value

ranges from zero t o  fIve ,

Ii SETTLE Volts Value of second U’EC’TLE data, nannle
Floating Point for ‘I’ ~I~ rua 1 cu - Inn s -s - u - r ut, Value

raruges fu-a rn zero to l’I ye.

12 SETTLE Volts Value of third SETTLE data samole
Floating Point for ‘I’ sI gn - uI component . Value

ranges fr--ri zero to II ye.

13 SETTLE Volts Value of’ fourth ICih’I”i’l,E data sample
Floating Point f’or ‘ I ’  signal cI ;nnoru ,’nt. Va l ue

ranges from zero ts- five.

ID SID Dimensionless An array lient lt’ -ilr,g each trans—
NAVIGATE Fixed Point nu tting stati on. Va lues u’s is-’ from
NEWTHACK z e r o  to nine.

II SEARCH Volts The ‘I’ n - l u ’  - i i  co r n r :-orue r ul Input to
Floating ?oint SEARCh . Va lue Is from zero t o  five.

113 SETTLE Volts Squared Summed s lcua r e-l 13 v — I n  ii’s-s Sn’ - ‘u S
Floating Point pulse grc’ur , ‘I’hc’ v- n I us- l~’ - ’ ’u’,~- ac t u’i ,

IMAX TRACK Volts Maximum value used I r u A-GC n o t  ge
Floating point wl r u:Ic w , ‘flue value I c  2.81’”- ,

I M IN TRACK V o l t s  F i r c i m u m  vs I ’ae u: ce- i  In 4CC v I t  age
SEA R C H F l o a t i n g  P o i n t  w i n d o w .  ‘I ’ lu ~ value In 2.5.
! IA’ ,’ I c I A T E
NEIn’TRA C K

IR Tl1 -u \TK Volts/Second The rate of’ , r lc - i r u ,’,’ I’ r u , ’  1’ ru g—
SEARCH Floating P r I n t  n a l  ‘Or i r ’ o n C r~ t . :~~s- value is c - - u-u —
NEWTRACK p - ut i i ,
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Table D-l (Continued)

Subroutine Nomenclature

NAME USED IN DIMENSIONS AND DEFINITION , USE,AND VAL UE
ROUTINE SCALE ATTRIBUTE OF PARAMETER

IT TRA CK Volts The value of the data sample for
FloatIng Point the ‘I’ component of t h e  Loran sig-

nal. The value is between zero and
five.

ITE TRACK Volts The error between predicte d and in—
Floating P r I n t  s t u u r u t a r , e - -,aa ; v a l u e s  of the ‘1’ sI g-

nal component , ‘The value is
computed ~

IUL I M SETTLE Vo l t s  4C C upper l l n r u l t  v o l t a g e . The v a l u e
Floating Point Is 14 ,9.

J SID Dimensionless An Index denot lru g re ference trans—
NEWTRACK Fixed Point mltter . The values ran ge from 0

to 6, Zero denotes ‘raster,

JO TRACK Dimensionless An index denoting role of’ each trans—
SEARCH Fixed Point mi ster and CR1 . ‘(he value is 0, 8,
SETTLE 16 , or 24i . l nruacuter , 8Ysecondary ,
NEW’I’RACK both for CR 1—A; 1 —master , Ill—sec-

ondary, both for CR1—B.

31 SID Dimensionless An index denoting first secondary
Fixed Point transmitter,

32 510 Dimensionless An index denoting the second sea-
Fixed Point ondary transmitter,

34 NAVIGATE Dimensionless An luaJ ,’x den ting the first second—
Fixed Point ary t r ,ru a-,u’ul tt so r’ ,

JR NAVIGATE Dimensionless An indes d i ’ r a - a t l r u g  the second see—
Fixed Point o r u d i a r o  tran smitter,

33 NEWTRACK Dimensionless Temporary stored value of’ parameter V.
F I n - i t  I n C  P o i n t  J.

JJO SEARCH DIn ,u ,.’:u uolo n i e ss T e r n p o n ’ u n ’ v  at -rod va lue of’ parameter
Fixed I’ l t d  ,n

JR N A V I GATE P I n s - r u n -  I- us - les s Ann iua-l , ux ds - r a~ -t I r ig t h e  r e f e r - e r u - ’e
N E W T R A C K  F I x - - I P I n t  I ‘art : r y l t t e r ,

K T R A C K  Dl r r r e ruu u  I a l e s s  ‘The v ,  I t  ag’ r i t  I s  ,‘ -~ r r e sp o n d ir n g  to
P ’ I - a : i t i r , g f~ m t  t I c s -  g a in  a r i a , ’ ,’ , ‘I’he v a l u e  I s

e ’’ , h , ’r ’  O , P 9 13 ‘n 1 .1, ’?.

—132-



THE JOHNS HOPK INS UNIVE RSITY

APPLIED PHYSICS LABORATORY
SILVIR S.R,NG UUYLAND

Table D-l (Continued)

Subroutine Nomenc lature

NAME USED IN DIMENSICN S ASD D E F I N I T I O L , ‘IlIIE, A N D  V A L U E
ROUTINE SCALE ATTRIbUTE OF FAHAI -I ETEN

1(3 TRACK Counts/Volt Constant scale factor used in
SEAR CH F l o a tin g  P o i n t  e x tr - a r - - - I i t  l u g  C’x rin -t zer’ - cr caa sln g
SI P  of StaI r -i c a - a l e .  ‘The -‘aloe Is
N A ’ ~’I 1 A ’ T E  5l,2*~, ‘ C , l - ’ I ‘~~

l l A ’,’ -OITE I In’- u .S Ia rulesaa ‘ a,u ’ u ”et c’a’ ,,aas -d I u’ -2 au~~” r  -ot - u ’ I a - r a ,
l- 1’au’ a u t l n i ’ I l Id, ‘fa ce  ,‘ i l a e  i s  c

LA ‘In -A~ K l n e r u s i o r a 1 ’ e n a  The a,’n-a’ i g,-— :,.-.- l ’ a - — I-; ~Ises-F l o a t  ing  1 a i r u t  a c c e r - t e . i  lc,a p s s n  I’ ’. ~t s-r  ~ - u l  n i .  a
The value 1n Il.C0j .

LEI ,n - E l l : C H  U l m e r u s l o t a l e s s  T e np or a r v  a t  - - a - ,g’- c - S  a l a n ” ’ en  LI: -
P Ix el PoInt

LI SEARCH La I t ’ ac -aus l t , i e a , a n  l I e  100 - a l  - u’  .aec ,r d S I - - a c  - 

FIxe d Point Sn - eat e r, l ’5y , t r u u u u ’,  value le r e roi s on
length of CR1 a n d  ril n Iri -,cn Is zero.

LI I  S E A R C H  ti l r i e n u a a I c - a u l e s s  O l e  I ,‘ ru -a t’ t l a ~ S i r-al p u l s e  in
Fixed I -a-I nS a pu l a r e h-’’ - -uu c , I’i,e v’ii r ~’~ Is c :ra n -a j t ei,

L I I S  SE A R C H  I,a l m e r u n i o n l e s ’s ‘fear , ’ -  r - c r ’ v  a - ta-u’s - -i v a l u e  - - I ’  a u r - u r ’ a e t e r
l ”ls ~’-I PoInt LI , ’ .

L I M A X  SEARCH Plr i e a a a i s - r u l e s c  l’Ius- t-,- slnn a ,m n umber of 100 ml - - r - - u —
1 1  5’? I P o l n u t  s e c o s-d  In t e r v a l s  ‘ ,‘, a CIII. ‘fl ue

ma x l r - a u rru v a l u e  i s  l O J O .

LIS SETTLE Plric’ r,sln -ti ess Pru ne :i ita , selector I n d ex .  lOs - val u e
FIxed ‘ n - I r a n  t ’ , t u 1 .es f r u - n  zero ‘-u t l a l r ’t v— ta,’ ,

LISA SETTLE I n - I t s  A n n - a r r a y  n - I ’ u a c n a a h a t ent ‘I’ signal
1”Loating i : ’ I r u t  a u - - p u n  ne-at dat a , samples. The value

is a --n a a t  s - i ,

LISB SETTLE V o lts Aru c a-n’ s’,- of’ , ‘ ru n - 1st er-i t ‘ 1’’ ccl ioua I
FIoat~ ng Point c--and’ ’:”’ a i u t , : - ,. a , u n r l e a a . V I a ”  n - i l  e

is a t u I n t  , ‘ ‘-  a -

U TRACK l llrn n - n - r ua u ion les s - - at - - : c r ,  • c t ,  T I, ’- vat ue r’ uu :g ” s
SEARCH Ftx e-l Point ‘n’ an - ne  S - ten In ‘I l l - K , -ira ” - I I
SETTLE I r a  , ‘- I - A l d l I I , ‘a s- t o  I s - r u  I r a  l i - Il ’ l , P ,

LL SEARCH l u I r ’ r ,,’nu . a  I ‘n u l e s s  I, -- ’ it a ’ - a r u t  er • I ” , ,  t e a  n’ , I ” ’u’ ’- ’ , :
SETTLE FIxed PoInt ‘ a’ a: n I t  t a ’  l a P  Ill .
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Table D-l ( C o n t i nu e d )

Subrou t ine  Nomenc latu re

N A M E  USED IN f l E E t S:  t I l l  A l l :  D E F E ’ T ~~~-E , 1’ IV, AlI _ - v A l V E
“~~‘1T II1E S T A L E  A T T R I B U T E  IF  Pt- , I I A I - l i IT E F

LL 1 SID P I n e r a s I ’ - u u l e a , s L o c a l  ! n - l , ’ x  - l o n o t l r a g  t I m — S  sec- an-i —
FIxed P - I n - a t a ry  t u ’ - i n a a n l t t e r .

UL2 SIP I l  rr e u n - s I a - r u  i s - a n - a ’ L o c u i l I n - l a - n t e a a n - t  ‘ ta r  s e c o n d  s e a - a - t a d —
Pt xe.1 F - , Ita ’ ai ry ‘ a a ’ a ’ a c a r d ’ a ’, ” r ,

1,11 SEARCH D i n e r , s l - ’ a a l - a u s L o u - a l  c-a - - ,ra t e r ,
Fine 1 0 l a a t

L M 1  SF4110 11 U I  r’a’ru,s ’. ar t s - r u a ’ L a - c a l  ca- - u -  t ea ’ ’
F t  seal  I - I t - S

LN T 111-IK ‘- Ine’ asl - n - u I , ’ss L o c a l  a -a- e a t e n ’ , ‘The v a l u e  r a ng e a -
S F , A R C I I  Fixe I PoInt “ t’ t i , u~’r - to e Ight .

N,S” 501105

LP TRACK D l r n e n a i -  tale as L c a a ai l c s- a n - ass -u ’ , Tin e v a l u e  r an g e s
Pt  sea l  P- I r a ’. from pea ” - t o  seven.

N T R A s - K  -lI o n- eats  t I - c r I e r ’  - S  t h e  51.12 - I I r- c l o c k  n- I c e s
lI F t ” . ~t l Fl, xe- i  P a - I  ac ’, ‘u I ’  oa ’, nou n- ’ S o  t h e  a- -, a - - an ’  ‘a” t’ , C -
I I E W ’ l ’ I V A C K  w h l  a - I , - “ ‘ a ”  h - u ’  - 1’ - ‘ a ’  ‘s “ran

the I- ca ’’- O I ’ S l a O laa - n- ,i l -P a l - I
t I t ’ a ~’ t la- - 1. - s - art s l u ” , i l l s r ” ’ - ’ e I - ,- ’a d ,
‘ ,‘ a ,O V O l a” I a  - a c ’ s- I ,

NM :5111- I l l  D I m c ’ u a s l o n l e s s  I l - a- I or  n -I ’  “ I c r - - n - I  
~

- l a ’ s - ,  ~~~~~~~~~~~~
F i x e d  P o I n t  a’ I t o - - a l  :‘ ,“ “ a  , a o a -  - ‘, - I

N R 1 , 1 - W I  1111:15 T a l a r n e n s  l u a r u l e s s  L cal - - aur a ’ ~‘i’ -I , ’r , ‘ 1 ‘,,‘ r u u t ’ r l s - r  of’
F l x ’ - - I  P - - I t a t  t r ’  ,nc : —’ l ‘ ‘ l ’ - r- a c t s _ I -

NRR I I A ’ .’ I I A T E  l : I ’ w - a a s l o c a l e s s  II - ; ‘ t l l ’ p ’  t ’ i t , ’  ‘ a ‘ a l a  t o  p n ’ a r - a u . ’ a ’ i ra
F i - - u ’ l r , c h - a i n t  v ” l - r x i ’ -,’ , ‘l Iu-a ’ v a i l - ,, ’ i s  c a - - v t a c t , ’ l ,

N P  N A I l A l l - I  h - ’ ‘ - s - au Ar  u i l ’ l ’ ’. u ’ I 1 t t I , I r a i ’ l c u a u a a  ‘~~~‘‘ :  n ’ d l , u —
N E W ’ l ’ t ’A a ’K n - I n - a i l I n g  P o I n t  ,-u t es 1’- -:’ ea .’l u t r a u , a o l t t ’ n ’ , ‘T h,’ c’ a i ’ ,i e a -

it’ , C - alp - u t ’ ’ a -

N X  1l I lWl I ° ’A CK l ) l n n e n t n l , - r a le s s  L a , oa l  I a , “ ‘ ‘ l a ’ ’ I i r a  ‘l’l a ,’c c h a t a t u s
11 x i  E n - I r a ’ ‘2 ,1 le,

P T’t a i ’ ’~ D l r a a o a , s l  ra less Ara I a  d , ’ x  ‘ - a , - I i r a ’ a’ - : ~~” I “~i t h
I n - E 1 1 1 1 ’ I I  E l  X~ ’ i  E n - I r a ’ ru I  r yr i n c  1n u f - lic e ‘a a I a , ’ Is 1. ‘t ,
5 10 1 - or  ,I a . , - 

~~“a , ‘~~~~~ , u . dil’ V .
Ill ; : t A l E B ‘ ta -. t’ I ’ - — a l l h a - a n -  - - ‘ ‘ r , “ 1 Y 0 r -’ , —

- ‘ I ‘ K i a - I  it’’,’ , 1 5 Ia  I n - - I — I I ,
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Subroutine Nomenclature

N A M E ’,ISF ,D I N  D MENII 1 -Ill’ ANl ~- I a -E l - I l l  .11 1.’ , lla E, 1110 ‘‘ALOE
1 1 1 2 1 1 1 0 5  I I CA I. 1I AT ’l’IlIB’I’ TE P t - I’l l I V -

PH TRA CK D’,r,ena~~wu 1e”an - , tn ’ r ’ i ’,’ - b  val u es : ‘ t h i t s -  cc - d c ,  ,a, a , ’ l
S E A R C H  P I x e l I - n - I t t ’. S n- : t e a  I s - Sh e  I n -  il a. I ,”. u ,  2- ,-
I.E . ,  ., n’, va . ’u eac  ‘a s - u t .  a - -

Pt T’-’ , , ’l-l ‘j a n - i t s  I’ l a , ’ a r ’ , -  aI d - - a ‘.‘ci , o’ ‘ ‘ I s -  ‘ I ’  1,’—
F la  i t t n g  ‘ .Pa t t l  nu’ a l e ’ a’’ - ’a - a , ’. o I’ S I . ’ -  1 a I ~~, ., a ,a ’aa

SQ 0 0 1, 2 K  ‘ ‘ -n - I t s  Th” a a” n - I - c t - i  ‘,‘ a ,  .“ .I ’ t ’ ’~ ‘ ,,‘ Ic—
t n - l , a l t  I t 5’ I’ aa i rn- t na i l -c - r n n  era ’ ~~ ‘ a ,, I t ., a n-n-

12 ’ ,-’ a - a uto s- I s  ,‘ a ’ a  - .‘ - a -

PV I0l’ I-h .t’PE l ’ i e t c r ’ a / E l c r o —  F I l e  ‘ ‘ 1 ’ .’ r - ’ t~ t ’ t -  i , ’ a I  I an - v ’~ l o c I 1 1, h a m
I I E W ’ I V - A - K r a e - n - c - ri d ‘ I V ’ -  ‘a s - h a , ‘I l e  a - a l a is n - - a-a ‘ “ a .

I” l a - , t  I n c a ’  t o  tnt

S- a’ , ’a I i ” l t  ‘,‘ n - . t a c  A a l t ’ s - s l i m  an -’ t ’ - ., ’c “ ‘i, a n - I a ’ ’ n - l  ‘ “ a—
SE T T L E  l ’ l a c u t l i c a ’ P a a l n t  ‘a- ,’ :as - a at .c ,a ti a- - ,n; - I. e au, l I V e  v a . . , c  Is

f ’r-n -’u pe a ’s  to f’I’,’e,

55101, 5 V o l t s  ‘‘ a l a’,’ - I ’ ° ’ , a ’ ’ , E I ”,’I . I I . l a t a  a ’ us - a u
it I r a , ’ I s - I r a ’ .  I ’ m  ‘ 1 ’  : 1 g t a n - i l  c a ’n , - t a - — r a t  , ‘a

--a l a n zn-n-’ - ‘a - ‘1 vu ’ ,

01 ft l’I ’l’Tl,I’l ‘- ‘a n - I t s  V ’i l aa ,i .- t ’ ‘‘e ‘ a,  d a ’ ln - ’T”.’LE i _ _ s n - a  , , r n  l~-Pl, o :i t t n n - a’ - ‘ r . t  I’ a ‘ -,, ‘ a I ~~ ’ i l ‘ “ a , ’ - ’ ’ ,
I t ’ ”. ,a , ’ t ’ ~ I - I l n - a e .

1,2 l l ln -’I’Tl.I’I ‘,‘an - uiS~ a ‘j u i ce ‘a ,a u la .d a ’l- I ’, l’l,l-I - I ’ i t a  c i a ’ a a l , -
1~’loc i t  t a u g U- ’ I rut 1’ a’ ‘ - . - a ‘ ‘ a ,  a t  c- “-a ‘ . -‘ n - t ,  T l . e  V i l i e

0 1  IIE ’l’TI, E ‘-.‘ - l t n  ‘,‘ a a , ’, ’  - t I - a n - I , ‘ I-U’ ’llI .I  ~ l . ,  ‘a , r r u  I c
h i -  ,‘ lr .g En - S t a t  - ‘ n’  ‘ ,, ‘ aa t ‘a I c - t i - n - u ’ ’ ’ , In - n- ’ n - ’ , I  as -

SEARCH ~~ it s  V l a ~~’ ‘ , , - si n - .  1 - “an - a- at I ‘ a d ,  t ‘ 0
l ” l O c i ’ I n , , ’ I I a u ’  I t O - i ’  ‘ . 1 , ’ ’ n - n - u .  , I n - I a ’ ’’ a , ’:’ ~ 0

., ,,~~ .‘ i’I’T l’l.E I’c - I t ~ , ‘ 0in - i t~
a : l  n - ’ ” ’- a a d , l a ’ a - I  n- I n-’ I’ ‘‘ -a- ’ ’,’ ‘

11 - it I’ - ‘ a Ir a’ n - l a,’ ’ -- . 1 1 ’ ’  v i I .‘ ‘ Ira un- - ‘ - - - ‘ ,-

V ia V i a l ’ S V-al’ s ”’- ’- . ’,I flu ’’ a- ’ ” a ’ cl.~~- ,, ’’’ - ’ a ’ ’ ‘ n-
lIES I ‘ ‘I i 1 1  a t  I t , ’ ‘ -I n  ,. ‘1 , ‘ ‘‘ m l  , ‘I i . ’ -  n- — u .‘-  Is - ‘‘ - , ‘ ,- I -

II F. WV 1140 5,
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a Subroutine Nomenclature

NAM E USED I N  I - I l - I N N S  I ‘N I ’  4111) l a p I n - I l l .  T V , O l E , 41 10 V A L U E
B I ’ .I T T N E  S-~~A E  ATTI 1 I I ’’TE OF 1A 1 ’AEE ’ l ’ IVh

‘fl-l ACK ‘/n - Itt - Tue vai n - i” of the :i iSa uu a m ” ap l - ’  I’ - .:’
SI a n - i t  inc F Ir,t ‘I . e 1, -c a n -  ‘a’, n-a n-’ ’ .1 n - al ’ S l u r  Loran s i p t —

n a u l ,  TIae n -a l o e Ian - t ’ - ’a i,’e, ’ra  ur e a ’ s and

QTF. V - u t - l I E  ‘,‘n - I t a -  ha ’ c a - I ’  m In-- a, n - n - - i l  ‘ ‘ ‘ - I  - i r a - I I’ ,—
F l - ’ , ’ I r i s- F - I a , ’ .  a t -en - I  I a , ’ un - c’ ’.’ a , l ’ a u - a - t ’ t l u , ’

n i .  c ‘‘ - a a : ’ - a ’. , ‘ I n - u’ v n - u l ’ a ”  ‘ n - n - c u t e - I ,

‘alA 311 I ’I , ’ t ” r ’ s  ‘n - - a i r ’ s - - I  )‘ ‘ - t ’ - . l h ’ n - t ’ - - ‘ ‘~ ‘, , -,- , ‘ t ’ - I o t a
F l . n - i ’a l u , ’  E a l a  ‘ ( i a ’S . 5 , ‘ l I c e  v u , I a e  I s

111111 t IA’ ~~~.)$TE >i~”. , ’t” - ‘ l , a ’ , ’a i ’ a ’ a l r . , t e  - - a . - .” r a n - I n - r u  li t’ i r a - S - n - -
F I n - n - i ’ I a , , ’ 1 ‘ .1 ‘ 1 , . .  I’l .u ’ v i l n - a ’  l a i n- , ’ ‘ ‘ u - n - .

1111 I l l I a  E n - ’ s- u - - a  :~~ c u a ” d Cr- a a ’ I l t , u t ~ ’ ’ - a a - : ” a ’ - I - - ’ , a n - i - ’ 0 ”
‘‘ 1 a l I t , , ’ I I a. t n - f , c - ’ , ‘I ’l , ” ’ ,’ i _ , - - I s  - a - a - a ’

BbS N A \ ’ l ’ ) A T E  r u I , t e r a  ‘ a I I ’  - - e c,n-,, -,’ ” a ’ a I a P n-n -” a-- ’ ‘c ’

t” I ’ ’ ’-. n l r n - c’ l - t n t  I , ’ - ‘l’ I , ,a v ,, I c n -  I a ;

101 11 I I A , ’ I O A T E  “I” ’ “:‘ A r c  u - - a  n - I ’  ‘.‘ a ) O r - ’ a ;  Its ’ I ’ ,’ ’ a , ”
a ‘ I a ’,I ‘‘‘ u . ’’ - ’’ ‘‘ ‘“ C a n - l a  t ’ ’ i r ,  ‘‘. ‘ ‘ ‘ ‘‘ ‘ -  ‘ 0 ‘as-

‘IL— t I c ’ ’ ‘-a f v i  ,,a,’an -

I C -  “-a c t ’ -  a -  “ - a- I - , I a c , ’ - ‘tx
a s-” a - - n a ’  .‘ ‘- ) -

S ‘I l l s  I l u - a n s I -  n t - u n - n -  A n -  u r n -  n - I’ un- 1, , n ’ .’ na . - - ,‘ ‘ v u , I I V ’ a ’ t ’ i ’ I
l~ I 1 , , i  E n - I ’ :’. t n ’ a i a , ’ ” ’t t  w a I t ’ — I - a

. 1 ’ r - . - I  I - u n .  ‘IL’’ v_ i I ‘as- I a a’’ ’’:l at - -

lO PE, 1111- l O I r u , ’ r u x t c f l l ’ n -au ru S i r  a ’’’’ ‘ ‘ - a ’ ( a w l  l ls -’ ’’’~ 
‘a ’ - ’ ’ ’ - a ’ ’ . ’ - i

S’ioat I m c ,’ I - ‘ I r - t  a i ’ ’ , a - ‘ - ‘ ‘ - 5, Tla ‘ v a , , ,  I s
it ‘ua ~u a u

l ’ Ia - l - I l , I l  N A U I I A ’ l ’ l - l  I ) In ’u ’ ’ ’ a a , I - ‘n - l e a - un- F’i t w a - u ’  ‘ ‘‘a ’ .‘ a ’ c , l I  1 .’’’’’, I - a ’
F ’ 1 , ~- u t  I ’ .,’ ~- - -ln t I u ’’’ I - -  - ‘ ‘ I , a I ’ , I V ,  ‘ 1 - ‘  v i l  a ’ - I t ;

t l l . A ’ T  I I E ’ uJ’ l ’ I IA CK I l a ’ a - ’ a a - ,a l o , a , u - s s  f I t . , ’  ,., “ I I , , ’  l i _ I ’  , a I ’ ’  I ‘ I , ’ -  ‘ ‘‘ a n - I ’ - I I
n- - I m u t  1 u ’ I i a l  i a ’ ’  I I’ a m  a n - i  v l , ’ , t l  a ,

‘IV ,’’ n - c l ‘. . a , :’ • an - -
. oa’ran- - a ‘ a ’ -  a -

1 1.41 ’ I’ l l )  1 1  ‘ ‘‘ u a . lou; 1 — —  xs ‘ In’ ,,’ ,.‘ I ’ ‘ a s- , I ‘ l t , I ’ ’  ‘ ‘ i s  ‘ - . ‘ r -  I-i
F .  a ’ I t a g  l u  ‘ . t  ‘ -, 1 1 I r ’  a . a’ ‘ ‘ ‘ I - .,’ ’  - ‘ I u , a  a l l

Cl i l a . ,  V I a - i ‘a” l~ a, I .

I-I’s ” i - n - I  -r u ’u”S a - ‘ t t, e lw’ ’ a , ’- - ‘ l u - a  a , r I . ’ t ,  I
E l  , ‘ I’ - . ‘ ci ’ ’ ‘ ‘ ‘ a - ’ tn- I i- I ‘ i i ”  t v - w I

lO an-’ ‘n - i I ,- I a - “-a at ’ ‘ ‘ I -
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Subroutine Nomenc lature

NA M E USED IN DIMENSIONS AND DEFINIT~~-II , ‘ISE,AND VAL UE
R O U T I N E  SCALE ATTIITBUTE OP PA FAMETEII

SLON NEWTRACK Dimension less Sine 01’ the t - a r a r l t a i , r of  the -c r ,’ar’ - - l I
Floa t i n g  In - tnt of’ the S r I - i d - n- -n - e l  Sta r  u , a i v i : u , ’ I m u ,

TEe value Is a.- -; te~~,

SOON SID DIrtn er, aa l o n 1~~ss V I r u s -  oh ’ the I’ - r n - a ’ I ’ n - J ’.u oh ’ l I e ”-’.’ ‘12
Pl - .,,1t irI s- Pun -tnt of all - a’ ia. “a ’ ‘ a t  I ta t ’ - ‘ i l l  :,~~~a; n - -h ’ a~

n - hn - i lru . l ’ I,s- V ;I a a e Is an - n - ’u’, - ,t’.’I ,

SLUN G N A V I G A T E  f l m n m e n s t n - a a l e s c  S l a t e oS I a. ,’ 12 run - I t .u.l” - f I .•‘ c “n-trolai
I n - 1 o - u t ’.ng  F - n - S m u t  of the S r ’ 1 ~~d a ,e .l I’ a’ r a i n - t n - u t  In - ru ,

The ‘,‘ - .i l ’n- ra- I,a n - - , r u a a - n- t ’ u I ,

SM SEARCH Dimensionless bIas--h er of  -ut ,it t o n s  I r u  ‘11, 11 ‘Fl ,
NENTRACK I-’Ixeal P a - 1tn -t vai l aa,’ r aw , s - - a n - n -  I ’ a’ . , a ’a per’ ,.: ‘ - ‘ “‘ a,
1215

SF314 NAV IGA PE Di nn a en a u i , rc i u .’ss Sin e ‘n - I ’ 1 1 , 0 - i -p l’u a , a t t, uI ’ t l,u’ t’-’ - ’”tv ’r
Floa tIng l’n - i n t  w I t  Ii m s - cr - n - n -’, t n- t a’ ,r , n - a ’ a I ‘a tea’ ‘1’

t a’cation, Oh s  v a i l  a s - is c np a lte n - .

SPEIB I I A V I I A T E  U l r n e r c a u l - ’ r c l e x s  It t - c  a S  ‘ a l , , , ’ i a - l a a a : a I b  ‘:1’ the s--u - I’;-’r
F In - ci t Ing Point wI t , n’s - a - c-c - I t ‘a I a’n - u a . a ; r ’ al t ’.et’ -

I ,  ‘ 5  I - a  . , II,,’ ’.’ u l c , ’’ I -_c - n- - “ a  t I

S E S I R  N A V I G A T E  L n - i r n e r a a a i , u r u l e s s  I l l  r , ” - 1 ’ ’. l ay aan- ’,n - a a,, Il, a-I ’ l l. a ’ , I
FI - ,a i ’ I ’ ~~ ‘- - I r u t WI’ I- a’ ’, .n - l - , - n - S  ‘ t a r’ ,’ I’ s-wa ’’

‘ ‘n’ ‘ - a ’ , l’ l.n -’ ’ a - , I~~,’ i~~~ ’ ” a a t , a i ,

SQ SID Es-I ‘-a’ a S q u ired Ira n - l I - n - au i t t - a ” - . o h ’ - u I ‘ n - a ’ ’  I s-a’
i”l a - .u ’ I n ’ug, i - O r - S  i , - ’ ’ae l ’ s la ’’ ‘ a a  sub “1) , - n - i , ’- ’ l~ In- I

5,  ‘ ‘ Ia , ’  ‘,‘ I n - a - ’ I s  c -  a,u n , ‘ ‘ ‘

Ii ’Q ’i N A V I - A’l ’ E ‘-Is-I ‘‘s- I’ E a l a ’’- - i  n - l b  - , - 1 , - u - ’ ’  a l ’ ur n - ’’’ ‘ ‘n’ l a , ’ , _a,u
I” I n - S I l u ’ 1 , I rut I ‘‘ I  I n - a - S I - t i  Su n - I  “ I i c - ’  — ‘I oi l’

‘ ‘ - I ,  , , I , , ’ ’/at , a ’ -  - a; - - “lu au - - -

STC I lA’ ,’ I a t A ’ l ’ E 1 : 1  “ 1 , - a ,  a u l a u a  l ” t u x  Si u a - ’  n ’ ’ n ’ a u ’ n -  - ‘ a t - a n - ,  ‘l IV e  v i i  u s -  I a ,
S I  a ”t ’ I r a a ’ I - h u n - ’ - -

‘ ‘‘MITF, TRA - K ‘i l I a c  ‘I l ”  ‘S tI,’ I I - , ‘- n - r n - . I ’ m  tn - n - , ’
I u ,g I ‘ S m u t  aa I :  ‘‘ , . , ‘I I n - u ’ ‘,‘ , a t , ’  iac u ’ - ’ c a u a l ’ ’ -

c ’’’”ll ,’TI’l TE’A ’K ‘/01’ - 01, “ c a I r n  I t  1”  . 1 )  , ‘ r ’ m ’ - s - i  I -
I l - - ’ .’ I ri s- I lot o l -  “ , I l - - n - w I n - us- Ia , “ - an-; -a ’ ‘‘I,

1111 NEWTHA CK lI” u ’ r a , .h onlean ~ I. - ‘ii h a .  I - s  u a “ a  tn - u ‘ In - - I  ‘11 It’ it ..

1 W  l I ’ ’ II  511) h I s - i  -ru ie aa s . I l ’ ’ ’ ’ u ” ’ , a , ’ ’ ’ a’ I I I I a ‘ 1 , 1 I — 1 — -
x ”  I IV I a , ’ - ‘ ‘ - a - ta ’ “ a i- -
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Subroutine Nomenclature

NAME USED IN DIMENSI)N S AND LF .F N I T I  n - h a’ , USE,  AII V A L U E
R O’JT Iha ’E  SCALE ATTRIBUTE OF FA I I A I ’ I l - l T Elm

SX NEWTIIACK Dtmen slonless Liu -a a l index used I r a  TRACK Staitus
Fixed P o i n t  Table,

T T R A C K  MI cm - can - n -’ ‘a n-jan - Ira ur n ’ ~ 1
’ -I ’ v i  I-n - s -au i n - - c - S  irag tIlt’s -— n-

SEARCH F l n - -’u t l r c s -  PoInt air’ s -I ‘,‘ u I  ‘ S  L o t - n - i s -  a n - I s - t a I f r - - i  h u e
SI lt  Y I  ‘ u s-S - S a t  I c - n - i l  n - a ’ l ,  ‘lOa n- ’ values
t l - ’i ’/ I IIA T E c i r c a  - . t ’i ; -u t ed .
NE WTR AC K

TAU TRACK Seconds V’In” Li’tween pulses. ‘flaa’ v i l c i s- I s
F l o a t I ng  P a - t n t  n - n - - n - u - a ’, n - ate I,

TD SID EI-.’ao~:a,’ a - n~l c Am u ,,rr i~’ of t I n - c  jlSfer,’a ce aa . ‘f lue
NAVIGATE Pi n-an t Ins- PoInt ‘.‘n - u l ue s are c n - ’ a u r - ’ a t e .i ,

TDA N A ’,’ 1 1 2 A T E  M I  ‘ r o a n - a s - c - r u n - I a Ohs -  ‘ A ’  t Use a l l  Sb ’ , ar ” ru  n- l’ s- -i waxy—
1 0 1 - u n - i t  i r n - g  P a I n t  p o l a n - t  w ’, t l u  mr - ’ c ; ’ e .n - t to the n’i’ f ’ ’ m ’ s - r u . n - e

t r a n s m i t t e r,  ‘ I’li e v _ c l a w -n- are n- ” ‘u t e d ,

TDB N A V I G A T E  M i c r a - s e c o n d s  The ‘ B ’  t l n s c 2’  I’Sn-’rence f ur  an- wai~ ’-
1”I a - - i t I a , ; ’  P o I n t  a--  - I n t  w l  t h m e s p o  ‘‘a  - - S

I t’ at csu r ’i tt em , ‘11cc vai l a.i”ac , r ” ’ ’ a ’ a” c a ’ en -i ,

011W NA ’/I u’,A T E  l ’lIc r u n - - e n - - a n - i s  A ‘n’ - - a r c  I v - - r ’ u r - a u t u ’ ,i u n ’ n ’ , , ’ - S ‘ 1 ’ -
“ I - n - S I r s -  F .  I u n - t  2 i I ’ Su’ r” c ’aa ca ’ a - an -  I’ - a’ n- ’ n - , ’ t a  wa-i ’,’r’ - n - l f l t  u , t l l ,

5 - - the m a n - I  t m ’  r m ’ , n a - a ” r l t

TH E T A A  I1A ’u’ I , A ’ T i ’ , Meters Raa n - a” “r a- m”-.’s - I ’,’,ar I ‘ I - ‘. . “ - a , ,l —
I ” l n - ’ l t t t a p t  E n - a i m u t  n - i r a  t a w t a a a r u c l t t  n - a ’ , I’ t a , ’  V ’ i l ’ a-n - I s  a m —;’ .a t c . i .

THETAB N A ’ ,’ l I A T E  M e t e r s  1 , I r a i ” ’  I t ’ ” - n’s- a n - I  ‘p s-a’ I - c e - a - -  m a - I  n - s - - n -
Fl - ’n-’lth rua t P - I n t  n- i a ’ ’ ,’ t s -  a l a .  ‘n - I ’  t , a a ’ , ‘ l O u , ’,’ 1 - ~ - ’ l s - ’ - , ”,r- . u t s - -j ,

TH E T A R  511) l-’,ca t era R a m a , ’e ” m ’ -n r ’ n - u n - e l ’,’ ”m ’ ’ . - a- ” b ” ” - , u - ’ e
N A Y  I lA T E  P 1 - i n - i t  l u g  P o i n t  ‘. a ’ n - , t c n - a ’ -, l ‘a ‘ a n --a ’ , I Ia’ v . i l a u n -’ Is Ian- ru n- 1 ’

T I  SEARCH V o l ’ s  A r c  , n I l ’,’ I’ v I t a l s - s u n -  - I ’ -1 , 1 s- u- ’ -’ I
F l -  i t i n g  P o I n t  l a I n - s - a c  I ‘ I ’  l u I , ’’ , , i  - - n-a ‘ ‘ ‘ u ,  t ,  l I l a , ’

n-’ , 1 u l , ’ a, - u a’,’ - ‘ lit at _ I -

T I N  N A V I G A T E  M I c m , n - a a s ’,’ - r o i aa  A m - , . u m ’ u ’ i ’,’ - S  v , I - a , ’ a ’ I ‘ a - - l u . ,’ t I m , ’ —  - I ’ —
N F W T I I A C K  F l o i t  in g  P . 1  n t  i r s - I ’,- .,  1 S I - ‘ Ir a’, I “a ‘ 1 I u- -u - a I las-

st ’, ’’t  u I  - i 1 ’ n-’ - I an-’’’ ’ - ‘I’ ,’ n-~’ ’,’’ a l a ’ ’
C-  tt’t ’I ’. -c - I ,

TQ l l E p i t a ’ i I  Va . I t s  Arm ‘ I n ’ r ’ i ’n- I v u - l t a a ’u’ a in - f  - 1 , - I  - ‘1 ,1
F l — - n t  I v I’ lot ; u a l  - - - I _ c ’ an - I~’,,i I ‘ ‘ ‘ ‘ ‘ a  I -
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Subroutine Nomenclature

NAME USED IN DIMENSIONS AND DEFINITION , USE, AND V A LUE
ROUTINE SCALE ATTRIBUTE OF PARAMETER

TN SEARCH Dimensionless An array denoting the TRACK status
SETTLE FIxed Point 01’ each transmitter, C~~SEAF uVII , l~SID SETTLE , 2= ’l ’ IaAO K on un ld ent tt ’Is -d
N A ’.’ l ’ I A T E  station , 3~~T i l A C Y , 1 4 = T R A C K  spool ’er.
NEW’ i’I l ACK

U SEA R CH Volts Phase decoded i t t , ,  c i c u n - u m -n- I a t n - a m ’ , ‘ I ’
Floating Point value ranges from 0 t ’.- a n - ,

V SEARCH Volts Ph a s e  decoded d_ ct a accum uiatu ,~r, ‘Q ’
Floating Point value ra i ru g ea n  fa ’ a. aua 0 to 140.

VMIN SEARCH Volts Data ‘n- ian ; le p u l s e  d e t e c t  Son I h r e sh —
Floa ting Point o l d ,  Tlue value is 0.1.

W SEARCH V o l t s  L - I  ff,a mil a n - n --’ t e t w e s - m ,  n - m a c m c I  tat _ c
Floating Point san-smile i r a a l  store d n - a t t n - i  s _ c u - a n - I c,

WP NAVIGATE Dimensionless An index denoting the waypoint
F i x ed  Po in t  nn - , ,’r r ia - er ,

X SEARCH Vo It ,a - I r u t s - m ’ ; - -. a I n - i t e d  l a n - i t l a l  value -f E~ In
SETTLE Floating Point S E A l -  ‘ I I , le rnr’ ,arar y v a l ue  n - f  ‘I ’  n- I n - I n - n

I mu S- l”, ’I’V’LE , ‘l I c e  ‘n- n-i l a nn - a — a re an --  m a l - a l t e  d

X h I D  Meters An array of n- I n - i r a _ c r  c’ , n- m ’ u l t r u a i ’ s-a n- fur
F l -u , ’. t r , g  Po i n t  c- i n - h  t r a n s m i t  t e a ’ , T lu ”  n- i l - _ c ’s are

- a nm a,a ‘ a t  I.’ 1

XEOC IIAV IGATE Me l era -  A t  i a - r n - ’,’ of 1’I — un- i r ’ect I a a ,  a
NF,W T R A C K  i” l au a t i n ~ Point t I , ’n-’ - r ua , I , ‘ a a : : a ” I I a - , , a t s - s  I ’ m’ eau u ’!i
1.1111 I m ’ . i m a a n ’ a i t t e m ’ , ‘ I t s -  v a l  a, ’ , . n ’, , r r - - a s - a a i

cm ’ia m m r u ’ c S , ’~~,

XI 511’ Meters Squared i n - t a ’  a t’a - ’ ’ e a’ ( t a ’ e e k  U S  t e n ’  x l ) ,  I at’s-
Floating Point itt n - - f  t , ’  I’ , 5. ‘ I ’l e n - ’ - , l ue I-s  a - n - t e a l ,

X III NAVIGATE Meters Squared I’ ,ir n - i n , ’ t -’u ’ a’ ’irt’ek I t -l et’ x l i ,
FloatIng Poitat ill in -f n-s-I’, ‘ . ,  lI ’ l n - u ’  v i m - _ c ,- Is c’ u’ ,a a ’ s-al ,

XR 11111 Meters I coo” I l m u - i t , ’  n - - S  r n - ’  I n-cr ‘‘‘ u - I’ I - - m u ,
IIA ’,’I G A T E  l ” l u n - a t l i ng i’ - ’ I n u t  ‘SI , - ’ n - i an-’ Ian- Cua m’ t ; t~ ’ l .
N EWT H AC K

1110- S1D Me ’ s - a ’ s  F C o o n - I ’  .i ’ ‘-  - n - f n’ ,’’ ,‘i ven ’ I - ’  - l t ’ , - ’ u a ,
Floating Point IOu,-’ v i u e  1: gi’ - - n - r un - I  c . a t a a ; . a . t s -  I ,

XRR NAVIGATE Men “u-s/Se ‘- a - - I - - 1 , - r n - I , ’” l - 1 I . ” a - ,’ , -~‘ 1 -a -’ n - I n  I I , ” A
lion - il hr ,‘ I - I , n - I lb m’ ’’ ‘ ‘ ma. I’ lu ” v.il’a,’ I n n -  C - - n ’ r ç - a t ’ ’ a I .

XW b In -S/ c 2)2’!’ “, ‘ ‘e r s  5’ , n - n r r  i a  ‘ CO ’’t’ I I ’ a 1 , - a - - f ‘ I
‘-‘I— , n -i ’. I i ;‘ Pun- I ‘ . ‘ n-n- ; n- I ‘ - ‘ ‘ t ’’ a’ - I ‘i ,  a: - m’ s- ‘- ‘ru; - ‘ ‘‘
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Table D-l (Cont inued)

Subroutine Nomenclature

NAME USED IN DIMENSIONS AND DEI’01101T10N , ‘, IIIE , A N D  ‘ : IL’IE
ROUTINE SCA L E A T T R I B UTE OP I’AIt A”I P ’I ’E H —

a XXO NAVIGATE Meters The X coordi’n--;te -,f the a ’s - m t r ,l d of
Floating P n - a i n a t  the triad usc-I Sn-a r’ ta n - l v ig’iS I n - - a n - , “ n-c

value Is c . a ’u a - - a t e d ,

XXO 311) “le t  ‘n- a’s The X l I on - - n- - ’, b .,- ra n - - - t ’ ,m l u ’ , i ’ ’ I ’ t a u s-
- 

- “ I n -  i t  i t a g  P o I n t  c e t u t r o l  .1 of a l t  tIc s - t n - a u ,. - s - I l l  -
a n - t n - i ’ a I ,- t ’ u- 0 ” n- i - ‘ n - U n - i n -  n - - t n - ,’ Is
c-at-up n-at a - I ,

Y SEARCH Volts l an - t i ’ s - u - -  - h a , ’ n - - I  I n i t I a l  v a u l , ” ’ ’n - . I
SETTLE Floating Point I I E A H ” l ’ . ,  S u n - a m ’ -  r ’ , t ’ - ,’ ’ ,”i l a a ,-’ ‘ b ’ ’ ~~ ’ l it n - i

I r a  I I :  ‘ I’I,E, 2’la~ a. il aa ex  , ‘‘n- ‘ “ an - a l e

Y SID t ,h ,at e r n-  F u n -  a u - r u ’: n-S t I  l u - a r  co,-rd b a , ’ - .‘ -

Flo at  log P o i n t  c- i n - h  — n”a r-n-n- r ’ c I ’  - “r. ‘ I I , ” n-- c ’a-’a ,t ’ i ’
C u S n - U t ’ ’  I ,

YEOC NAVIGATE bbs -ter n - i’, a a ’ i r ’ a ’ u ‘ of F— II s - t a - n - S  ‘ au ,’
NEWT RA CX Floating P o i n t  I la ’s -  ‘ 1  n - n - a ’  e l l a ,  i s - un -  f aa’ ,’ n-u ‘I n- S m ’  ia,s—
Si l u  run - i l  Sea’ . TIe v I a,’ ’. a re ,‘r ’ ‘ 1  C -  ‘n—

p n - a l~ ’ I ,

YR 312 Meters ‘a’ c o o t - t I m _ I s - 01 ’ a’s - s- I n - ’ ,.’a’ 1 - - I l  I n - - m u ,
NA’1’IGATE Floating Point II. ,’ n-’a ,l aie I-n -  “ a ‘ ‘ “I.

YR O 1111 Ms -I era I a n - o O a ’ I I a , . a t , ’ an- S ‘n- - n - - I s  “ s - I  i t  I n - a c .
F l o a t  i n - u g  P o l n a t  U l n - e  x’ _ cI~~e I s  s- u - a’ - a - ‘ - “a u - u ’ , ’ : ,

YRR IIA ’,01-IA’SE I-I’.’’ ‘n-— m n - a / i ’,’’ ’ ‘u,l ‘1 ’ - u ’ a ’ ’,’- i 1 51 ,, ’ a ’’’ ’ ’’ I n - a ’  l a  . 1,,- 1
P b  - - ,‘ I n - a s -  i’ a -! u- n- ’a l b  a’’’ n- ‘. 1 a , ,  I n - , , -  n -’ - , , a ,’- ‘ a l - n - - a - ca ’

Y W II I IVI I IATI ’ I  In- n -’ 1 s-I’: I, aa  i r a’ n - c o ’ Y - ‘ - r ’ I l m a  it,’S I r’ ,‘ - ‘ l a
F’, ,t laa g i ’ n-’ I tn- t w a , ; -  Ia n - n , 1 1 , - i I u ,’u a n-it’ s- - “a n - a l a - I ,

YY ’I I I I ’,’: h A l E  “ba ’ s - t n -  Tb ,-’ Y c , - x ’ aI I a n - t , ’  I ’ t I n - u ’  a , ‘ - . ‘ u - I d  S
I a n - c P - n -  I t - I  tIa c I r’b ~ I u _ c a’’’ .I “ . - m ’  r a n - l u ’ ’  I - a n - ,  ‘21,, .’

Y Y n - l  S IP  1, 1,-I ‘‘na ‘l It ’ ’ I a t u u u n’ I I  i l  ,‘ - - I ’ ’ le’ . n - - r  I a’ I d  I ’
‘“ I - i ’ b a g  P 0 1 - a l  I I  I ’ n - I ’ ’ ’’’ i a a ’ a ” r I I  ‘ h r u , ’ ’ i ’, I ‘ - - I ’ - i

‘ l a t I n .  lI ’lap n - I _ a ’ ’  h a u  aai n -’ m nmp u ’ ’ 1 ,

‘I n - A R C H  1 1 m i e n . ’ I - a , I  s-san F t  a - n - a ’ ‘ ‘‘ i i - ,’.’ u I ’ a I t t - n - - ’ ’ - ‘ ‘ I i ’ - I
- lx, - ’ : ‘ I:, ’ la: , ’ n-’ . , I  at’ s a,’ ’ , ’ - ” . r

,IIF”l ’’ N A V I - I A T F I  -n-’ ’ s-u’ A~ i n ’ r I ’,’ n - m I’ Il— I I ’ - - - I -  , ,  - ‘ ,m’ ’ ‘ -

I1 ’-l ’ l ’l’’ - A ’ V I F ’ I ’ i ’ I n n - , ’ Pc_ h a u l ,  ‘ 1 , ’;’ . a i ’ n - ’n - o um ’ Ia , ,’ ’’ I’ - ‘ ‘ u I .  ‘ t a t  —

12 1 51 ‘ a l  I I s-a’ , ‘I I , ’’ ‘a , . - , ‘ , r - ’’ ,’ n - ’ a ’ - I
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Table D-l (Concluded)

Subroutine Nomenclature

NAME USED IN DIMENSIONS AND DEFINITION , USE, AND VALUE
R OUTINE SCALE ATTRIBUTE OF PARAMETER

ZETAC SID Meters Parameter (Greek letter zeta), page
Floating Point 18 of Ref. 5. The value Is computed.

ZETAN NAVIGATE Meters Parameter (Greek letter zeta), page
Floating Point 18 of Ref. 5. The value Is computed.

ZZO NAVIGATE Meters The Z coordinate of the centro ld
Floating Point of the triad used for nav ig at iomu .

The val ues are commmp ’ated .

ZZO SID Meters The Z coordinate of the centroid
Floating Point of a l l  the transmittin g stations of

a chain. The value is computed.
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Appendix E

SUBROUTINE SEARCH

INTRODUCT ION

The Search subroutine described in this
appendix was imp lemented in PL/I digital computer
language and successfully tested . See Appendix D
for npmenclature .

PURPOSE

The purpose of Search is to detect Loran
pulse groups in the data measured by the D ig i t a l
Measurement Unit (DM11) and to locate the groups ,
in time , in the Group Repetition Interval (GRI).

IMPLEMENTATION

In order to complete this task , there are
five subtasks which must be performed . When any
one of the subtasks cannot be completed , or when
all five are completed , program contro l is re-
turned immediately to the Control program. The
five subtasks are :

1. Detection 01’ a pulse .

2. Detection of a pulse group (at least
six pulses of the eight available must
have been detected).

3. Detection and identification of the
Loran pulse group phase code . ‘I

4. Detection of the absence of cross rate
interference (two pulse groups in time
proximity but moving with respect to
each other).

5. Filing of data pertinent to the new
pulse group detections .
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When these subtasks  are suc cessfully com-

pleted , the Search subrout ine assigns a table of
values for that detected pulse group in prepara-
tion for the execution of s u b r o u t i n e  Se t t l e ,
Track , e t c .

The i n p u t  d a t a  to Search consis ts  of two
d a t a  po in t s  from the DMU every 100 microseconds.
The d a t a  po in t s  consist  of one I and one Q value
of the Loran signal components and are i d e n t i f i ed  a

as I (a mpli tude) data and Q (phase )  d a t a  in
Search .

Each p a i r  ol i n p u t  va lue s  (one I and one
Q v a l u e )  is sub jec ted  to th e  f i r s t  s u b t a s k , the
pulse detect ion test . If the data fail the test ,
a zero is stored in the I circular array and  a
zero is stored in the  Q c i r c u l a r  a r r a y .  Cont ro l
of’ the  program is passed i m m e d i a t e ly  to the
Cont ro l  program.  I i  the  d a t a  pass t h e  tes t , t he
va lue s  of I and Q are  s tored in the circular
a r r a y s .

When a pulse  has been detected , s u b t a s k  2
commences and the  c i r c u l a r  a r r a y s  are scanned  in
order to find at least six of the eight possible’
pulses in a pulse group . Ii six pulses 01 the
group are not  de t ec t ed , program cont ro l is re-
turned immediatel y to the Control program.

When six or more pulses in a pulse group
h a v e  been dete c ted , subtask 3 tests each de-
t e c t ed  pulse to a s c e r t a i n  w h e t h e r  the  group con-
sists of a master pulse group (GRI-A or GRI-B
phase code i n t e r v a l)  , a s econda ry  pu lse  group
( G R I — A  or G R I — B  phase  code i n t e rv a l )  , or none
0 ’ these . I I  the  pulse  group does not l a ll
w i t h i n  one ol these  lu u r  categories , progl’am
contro l is returned immediat cl\ t o  the Contro l
program .

W h e n  the pulse group passes the phase code
t e s t  , subtask ‘I performs a ~‘ross i’a t ~, ‘ test to a
make  c e r t a i n  that two consecut  ~ V t ’  ~U 5(’ g roup
de tee  t ions arc  not two d il  ieren t t r a n s m i t  ters
with d i l l  e r u i i t  GRIs . Onl y it the two detect ions
occur  a t  the same time into t h e  GRI a n d  are  ol
01)[)OSite phase  (‘ode , (‘an thi s test Is’ passed.
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As with the previous tests , when the cross rate
test fails , control returns to the Control program
immediately .

When the cross rate test is passed , subtask
5 tests the pulse group detection time of the GRI .
If the time of occurrence of the two detections
is within ±200 microseconds , the second pulse
group is ignored and contro l of the program re-
turns to the Control program. If this test is
not passed , all pertinent data ~re stored in the
track table in chronological order in the local
CR1 and control returns to the Control program.

The Search subroutine listing and logical
flow chart are shown in Figs . E—l and E—2 ,
respectively .
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Fig. E 1 SEARCH SUBROUTINE LISTING
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Fig , E l  SEARCH SUBROUTINE LISTING (continued)
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Fig, E- 1 SEARCH SUBROUTINE LISTING, (concluded)
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Appendix F

SUBROUTINIE SETTLE

INTRODUCTION

The S e t t l e  s u b r o u t i n e  descr ibed in t h i s
appendix was implemented in PL/h

I digital computer
language and successfully tested . See Appendix D
for  n o m e n c l at u r e .

PURPOSE

The purpose o f Sett le is to pos it ion the two
Track data sample points at 30 and 32.5 micro-
seconds into the Loran pulse .

IMPLEMENTATION

To accompl i sh  this task , S e t t l e  moves a group
of’ e ight data sa mple po ints , which are initiall y
p o s i t i o n e d  by Search , f o r w a r d  or b a c k w a r d  on t he
pulse as requ ired unt il the sample po ints are
located on the first four cycles of the pulse.
The pos it ion , in t ime , of t h e  th ird c y c l e  is t hen
t r a n s m i t t e d  to Track which then continues to posi-
tion its pair of sample points so that one pre-
c isely trac ks the zero crossing at the end o f the
third cycle of’ the pulse . The o t h e r  da t a  po int
samples  the  ampl i t ude  of t he pos i t ive ha l f  cy c l e
of the fourth cycle.

Sett le has the following six subtasks to
perform before its main function is completed:

‘1 . Removal of the Loran pulse group phase
code .

2 . Compar i son  of the  I d a t a  f o r  c o n s i s t e n cy
within a tolerance .

3. Comparison of the Q da t a  f o r  consistency
w ithin the same tolerance .

1 , S u m m a t  io n of both paired ~(~ts 01 l o u t ’
sampled voltages ovet ’  all accepted pu l~~ ’~~.
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5. Comparison of summed , squared data to
detect the pulse envelope leading edge .

6. Comparison of ratios of summed , squared
data to detect pulse shape at the loca-
tion of the sample points.

When these tasks have been executed , Settle
returns control to the control program immedi-
ately after setting two parameters in the Track
status table.

The input data to Settle consists of four
pairs of amplitude and phase data from each Loran
pulse . The four pairs of voltages are from four
consecutive cycles of a Loran pulse . Each pair
of voltage sample points is separated in t ime by
10 microseconds . Since there are eight pulses
per pulse group in Loran-C , Settle operates on
two sets of 32 data points per pulse group .

The transmitted pulse group phase code is
removed , as the first subtask , for all 32 pairs
of input data points .

When all of the data have been decoded , the
I (amplitude ) data are compared among the pulses -

‘for a pulse—to—pulse consistency test on the
amplitudes . If any data are inconsistent with
resect to the rest of the data , all of the data
from the pulse associated with the inconsistent point
are deleted f rom further consideration . Data from
at least four pulses (I values) must be consistent ,
within the tolerance with respect to each other ,
or th is second subtask is deemed to have failed .
Control then returns immediately to the Control
program .

When subtask 2 is successfully completed ,
s u b t a s k  3 beg ins . Th is task performs the same
t ype  o compar isons , and pulse rejections 3 except
now the Q (phase) data are tested for only those
pulses that passed the I test, The same crit eria
apply for success an d fa i lure as before .
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Subtask 4 co nsists of summing the square of
the data from each of the four ampl itude samples
from all of the pulses that were not rejected due
to incons istenc ies . 10 is the sum of the first
squared voltage samples on four or more pulses ;
Il is the sum of the second squared voltage Sam-
ples on those pulses (10 mi croseconds later in
t ime); 12 is the sum of the third squared volt-
age samples on those pulses (10 microseconds
later in t ime than Ii); and 13 is the sum of the
fourth , and last , squared voltage samples on
those pulses (10 mic roseconds later in t ime tha n
12). —

Whe n all of the ampl i tude data have been
squared and summ ed , subtask 5 begins . Th is task
cons ists of detection of the slope of the enve-
lope of t he  pu l se . If  t h e  enve lope  s lope is
negat ive , act ion is t aken  to move t he group of
S e t t l e  sample  po in t s  towa rd t he  lea di ng edge of
the pulse on the next  da ta  tak ing cycle of t he —

Digital Measurement Unit. If the group of sample
po ints is detected as hav ing progressec forward
of the  lead ing edge of t he  pulse . act ion is t a k e n
to position the group wholl y on the leading edge fol-
low ing the next Settle data taking cycle , Completion
of this task and progression to task 6 occu rs only
when the whole group of sample points i~ located
on the leading edge of the pulse. Otherwise , the
t ime pos it ion of t he  sa mple po in t  is ad j u s t e d  so
that on the next data taking cycle , either that
goal is achieved or another ad justment is made .
Unt il the  goal is ach ieved , Settl e returns con-
trol to the Control program after each adjustment.

Lastly, sub task  6 adjusts the position of the
group of sample points on the pulse so that they
occur properly located on the first four cycles of
the pulse . Th is is accomplished as before , w i t h
ratios of’ the values of the  sum med , squar ed data
samples determining the final exact poSitio ti .

The Set t le  subrout ine list ing an d logical
flow chart are shown in Figs . F— I and F-2
respect ive 1 y.
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Appendix G

SUBROUTINE TRACK

INTRODUCTION

The Track subrout ine descr ibed in t hi s
append ix was implemented in PL/I digital computer
language and successfully tested . See Appendix 0
for nomenclatu re.

PURPOSE

The purpose of Track is to produce the best
possible estimate of the time of a ,ero crossing
a t  t he  end of t he  t h i r d  c y c l e  of’ t h e  Loran-C
100 kHz carriet’ frequency.

IMPLEMENTATION

To accompl ish this task , Track moves a set
of two data sample points , which is initially
positioned by Settle , forward or backward on the
pulse as required until the quadrature data sample
point is as close to the zero crossing as possible.
The other data sample point samples the amp li tude
of t he  p o s i t i v e  ha], f of t he  f o u r t h  c y c l e .

Track m u s t  p e r f o r m  the  f o l l o w i n g  s ub t a s ks  to
accomplish its function :

1. Remova l  0! the Loran pulse group phase
code .

2. Computation of predicted values of’ i n -
phase  and  q u a d r a t u r e  d a t a  sa m p le  vol  tages .

3. C o m p u t a t io n  of the errors between a’tu al
an d predicted values .

4 .  CompariSon of the computed eru ’nr~ to a
toleran ce and I ’ C J C ( ’ t ing 01’ accept ing t h e
p u l s e s  (( ‘I d j t i r lg ),  

a

5 - Stimm a t ion of t h e  compu t ed  ci’ roi ’~ a n d  t ho
~‘o t i t i t  l u g  01  t h e  numb er  I ) !  au ’( ’e p t c ( l  p u l~~e~
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6. Computat ion of the smoothed v a l u e s  of in-
phase and quadrature voltages and voltage
rates according to the second order
filter equations .

7. Ad,justing, if necessary, the t ime posi-
t ion of the next set of data samp le
points for the next voltage measurement .

8. Setting, if n e c e s s a ry ,  t he  AGC leve l  of
t h e  R . F . u n i t :  and a d j u s t i n g , i f  necessa ry
t h e  expec ted  v a l u e s  of t h e  da ta  sample
points for the next measurement cycle.

9.  A d j u s t i n g ,  if n e c e s s a ry ,  t h e  t o l e r a n c e
be tween  p r e d i c t e d  and m e a s u r e d v o l t a ge
s a m p l e s .

When these  t a s k s  have been omp l ete d , Track
r e t u r n s  con t r o l  to the  C o n t r o l  p rog ram .

Subtask  1 c o n s i s t s  of m u l t i p l y i n g  t h e  in-
phase and quadratui’e data sample po ints by t h e
appropriate Loran pulse group phase code so that
t h e  e f f e c t s  of the phase code are removed,

Sub ta sk  2 t akes  i n t o  a c c o u n t  t h e  t ime s tep
between  t h i s  p u l s e  and  t he  r e f e r e n c e  p u l s e  in  t h e
p r e v i o u s  GRI and  computes  the predicted values
t o t ’  b o t h  i n — p h a s e  and  q u a d r a t u r e  v o l t a g e s .

In  s u b t a s k  3 , t h e  erroi’s f o r  each c o m p o n e n t
a r e  computed using t h e  new da t a  j u s t  read i n ,

In s u b t a s k  4 , t h e  I and Q c o m p o n e n t  errot’s
are each compared  to  a vol t age  t o l e r a nc e .  I I
e i t h e r  co m p o n e n t  v o l t a g e  f a l l s  outside thi s
tolerance , the p u l se is r ej e c t e d ; i . e . ,  suhtask 5
is skipped lot ’ I h i s pulse and data I rom the next
pulse are prot (tss (td starting w i t h  stibt ask I

When the I and Q c ompo n ent  e i ’i ’ o i’s  t a l l  w i t h —
in  t h e  t o l e t ’ a n e e  - t h e  co mp o nen t  el’ I’ol’s are sT I t f l m e ( l

i n  subtask 5.
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After al,l pulses in a pulse group have been
processed , the smoothed values of in-phase and
quadrature voltages and voltage rates are compu ted
in subtask 6.

Subtask 7 adjusts , if necessary, the  t ime
position of the next set of data sample points
for the next volta ge measurement .

The low pass filtered value of the in—phase
voltage is tested aga inst the AGC “window ” , and
the RF gain is adjusted , if necessary, so t h a t
the in—phase data will be within the AGC voltage
window . In this step (subtask 8). the RF gain
is ad ,justed in 1 dB steps and the window width is
1.1 dB. The expected values of the data sample
points are adjusted accordingly, in synchronism
w i th  the  RF ga in adjust me n t .

Fin a l l y subtask 9 consists of adjusting , if
necessary, the tolerance between computed and
measure d data sample voltages , according to the
average number of pulses accepte d.

The Track subroutine program listing and
lo gical  f l o w  cha r t are  shown in  F igs G — l  and  G-2
respect ively.

— I 7:1 —

_ _ _--A - - - - --A--A ‘ -~~~~‘-- .-‘ a_--



---a ‘- -“ -- - —  --- - -—-—— - I

t 
‘

I

UP I  ‘ ‘ N  I I C I ’ ’ ’l  1 ,11I’ , I,, lC I , 1

I ‘I ’ I ’  C

- ‘ - t ~ P l I P O  T I * A P Y I 1 T I ,

r ’  V l ’ , I T  01,11,5*.

Fl l~~ , ° I T A I I I I I 0 I  - 0 I 2 ~~I ,

/0  I 0 ’ l .

G 1 TRACK SUBROUTINE LISTING

— 1 7 1—

_ _ _ _ _ _ _-- - A - -



——— ~~~ _,_0’~n_ a_ 
—--A

‘
---A

‘I I’ ’’ VII I , S l A P ?  W I l T  t I I I  i R T , ’0I ’S?I~ ’A0SI

I ’  I ’ l ’ I ’ b l ’ F O ’ I  I’ I I l T , ! ’ I I , I r I  -

• ‘ C ‘‘ ‘ ‘T I ’ ”  ‘I l l ’ , ’, PUL l? ’ ICUU I~~OT TP ~ ’~ sr A , r a , ,  F I T  I I I  CIC C IV I l  ‘‘ ‘ 1711 ‘ W I

I ‘‘ a ’p , r , -, I t  CII I I I I ’  / 701 C A l l ’ , ?  T A  ‘1 *01? POl l? 4 /
“a ’ iP SI ’ ‘ 1 1 , 1 1 1 ,  I I T I F S I / I * t p i . P Q I , s i  I

C ‘‘l’a I1 I A I F I A , l 01*017 07 C U  I ’ !S  I I  C V F T V D  P7 * 1*007 ‘0
- I A I ’ ? P  I ? S I ’ L A ~~t I ’ ,

I C  I~~~~~l I ’ S  7 1 1 1 7 1  0* f l / I - tI I’ C I I I ,  07 I C0 W P 0 l ? , C r  I l O L T S i
I I .  I ’ ’ I ” I I ’ A I I ’f l ’ , I  I I I  ‘11~~ 1 1 ’

I I I  1 ‘ ‘ I  I a ” I ’ l , I I I C ~~~~. 
CI’ V I O l  VIII Il lS I’’ TI/I

Fig, 0’l TRACK SUBROUTINE LISTING (concluded)

—1 75-

-A



-, ,- - aa ---A,-—~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -—’ —” ’ -~~~~~~~~~~ ’

Fly G 2 T R A C K  SU B R O U T I N E F L O W C H A R T

— l 7 (—

‘ - -A  -—- ~~ ‘- ‘ -  a -- - - A  -



‘C -“

I I  . 01

/ ‘ II’ I l t I

/ ‘)I l I l a  I

I U ’ C* -1 /1 1 1 1 1

I V T i ? S I  I ’  — T I  I
I l !’l . - -- I I

I l’ ,l 1~~’ I C • OW I

V I I  / l?V I

a’, CO Il - ‘ ‘ 0 1  ‘-

A 

I ‘ ‘ - ~~ I~~~~~l l ~~ I I - ,
‘

,~~~ I

- - . I ‘ ‘ ‘lIO O l , ’I i

FIg G 2 TRACK SUBROUT INE FLOW CHART (continued)

— 177—

-A ’ --A -- ’-- ’ - - - A -  - ‘ -- --~~~~~~~~~~~~~~~~- -A~~~~~~~~~~



- - — —-———— - —— — - —
~ 

-
~~

—
~
-—

~~
-—

~ 
- 

~~ ~
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ‘ —a—’- -’ - .’

~’ —‘—~~~~~
- . — .--A-”a—-—’

~r.’
.._.. ___ __, _,,,,._ar ’

~~~ 
U’- ,.. 

~~~~~~~~~~

Fig G 2 T R I 1IL ]”, SU B R O U ’T )N[ F I )(~‘ I HI \ RT  I’IIII IIIIII ’IlI

-1 78—



‘ “C Ia a,,Ns C1U”PC-NS 1, 1. . F P ’,
0, / C ’ , ED ~~~s5~~ S U -- I

I,,, A

Append ix H

SUBROUTINE STATION IDENTIFICATION (SID)

INTRODUCTION

The Stat ion I d en t i f i c a t i o n  ( S I D )  s u b r o u t in e
described in this appendix was implemented in PL/I
d igital computer language and successfully tested .
See appendix D for nomenclature .

PURPOSE

The purpose of subroutine SIL) is tu ci’ ’ , t t ~ a
table of values , designated ID , that l d l ” u t  i f  ii’s

t he  t r a n s m i t t i n g  s t a t i o n s  being t r , i l  k~ - i by t h -

Track subrout ine .

IMPLEMENT A TION

In order  to  a c c o m p l i s h  SID , f li l  f I ) I 1 l ~~~~~i f l~~~

t h r e e  a ib t a s k s  m u s t  be c o m p le t e d  s ( ’ s,~~~~~ l y :

1. Get-A e r a t i o n  of a t a b l e  ol ti’ansrni t t e r~
organized ~hronologica liv in  t h e  o r d e r  til t i~~ ’

t r a n s m i t t i n g  station ’s reception alt (’l ’ t h e  i ” —
c e p t i o n  of t h e  r e f e r e n c e  t r a n s m i t t e r .

2 .  C o m p u t a t i o n  of t he  t i m e  d i i  fe] ’ences  Io i ’
these  t r a n s m i t t e r s.

3. I d e n t i fy i n g  t h e  t r a n s m i t t e r s  b~’ l’ornJ )aring
t he  c o m p u t e d  p o s i t io n  of t h e  Super Receiver
N a y  i ga toi ’  f o r  e a c h  c o m b i n a t io n  of I i ’ansrn i t ters in
t r a c k  t a k e n  three a t  a t ime , with in a t I ) l e r a f l c e ,
t i  t h e  known l o c a t io n  ol t h e  r e c ’ & ’ i v & ’ r

The i d e n t i t ie s  (If t h e  t r a n s m i t te r s  w h i c h  sati s f y
t h  is t es t  a re  s to red  in  t h e  t a b l e  I - a  l i e d  II) ,

S u b t a s k  1 b e g i n s  b~’ seai ’ch ing t he phase i ’ I ) d ( ’ s
of  t h e  t r a n s m i t t i l i . s in  t~~~ck f o r  t h e  L o r a n  m a s te r

r a i i s m i t t e t ’ . I f  t h e  m a s t e r  is p i ’( ’ s t ’n t  a c h r o n i ) —
I I ) g i ( ’ a l l v  0 i .d ( I r (1 (t  t r a n s m i t t  ci’ t~ib1t’ is cr e a t e d

w i t  h t h e  m 1i st c  as t h e  I I r st  c u t  t ’v . 11 a m a s t  i ’r
_ l 7 ~ --

,~I

‘ -A - ‘ ----A -



— - . - -a’- — ‘--- -A -A -A-  ‘-

f l
TIlt J O MNI HOPKIN S ~IOIaC I N S Y ~

APP LIED PHUS ICS LA BOPA P
S , , , t l W  S . . ,SQ M . A , , * A C

is not  p r e s en t , a l l  t he  secondary ’ s ph ase codes
are searched for a change in phase  code be tween
t r a n s m i t t e r s , I t  a phase  code c h a n g e  is f o u n d ,
a c h r on o l og ic ’a l l ’~ ordered  t r a n s m i t t e r  t a b l e  is
c r e a t e d  w i t h  t h e  f i r s t  s e c o n d a ry  t h a t  e x h i b i t s
the  p h a s e  code c h a n g e  as t h e  I i r s t  cu t  r y .  I I
bo t h  a phase  code c h a n g e  ar~ t h e  m a s t e r  a re  not
d e t e c t e d , t h e  I i ,r st  t r a n s m i s s i o n  r e c e i v e d  in  the
loca l  GRI is t h e  f ir s t  e n t ry  in  t he  c h r o n o l o g ic a l l y
ordered  t r a n s m i  t t e r  t a b l e  -

S u b t ask  2 c o nsi s t s  of  t he  c o m p u t a t i o n  ol two
t i m e  d i f f e r e n c e s  u s i n g  t h e  I ir s t  en t ry  i n  t h e  - 

-

c h r o n o l o g i c a l ly  o r d e r e d  t r a n s m i t t e r  t a b l e  as t h e
r e f e r e n ct a  t r a n s m i t  tei ’ a n d  two o t h e r  t r an s m i  t ter s
as t h e  s e c o n d a r i e s. These t i m e  d i f  i er e n c & ’ s  ar e
used  in  s ub t a s k  3 in  t he  c o mp u t a t i o n  of’ t h e
pos i t  ion  01 the receiver .

Su bt ask f 5(1 icc t s comb i n a t  ions of t h r e e
t r a n s m i t ter s  a t  a t i m e , and  using the t i m e  d i f —
f e r e n c es  c o m p u t e d  in sub task  2 , computes  the
p r e s e nt  b e a t  ion  of t h e  r e c e i v e r . The c o m p u t e d  - -
l o c a t i o n  is c o m p a r e d  to t h e  known  lo c a t i o n  pi’e—
v i o u s l v  e n t e r e d  or u p d a t e d  into the computel’ . I I
t h e  computed p o s i t i o n  01 the receiver does n o t

v~ ith the known location 01 ‘1, :te r e c e i v er  lot ’
a giv i-n combination of t h r e e  t r a n s m i t t e rs  another
c o m b i n a  t, ion is se l ,ected and  t he  r e ce i v e r  loca t ion
iS r~~ ’( ’ on l ) ’I u t  ~‘d 

I’or another comparison . W h e n  t h e
two loca tions agree within a tolerance , t h e
transmit I i i ’ s  h a v e  been i d e nt i l  ied a n d  ar e  e n ter e d  

C

i n t o  t h e  ID t a b  i t ’ created for this purpose . T h i s
process  ( ‘o n t  in u e s  u n t i l  a l l  t r a n s m i  t t e r s  i n  t r a c k
have been ideti t i t  it ’iJ , C o n t r o l is t h e n  r e t u r ne d
to t h e  ( ‘ I l O t  I ’ l l  I program .

l b  SID s u b r o u t  I tie l i s t  ing  an d  l o g i c it  1 1 low
c h a r t  a t e  sh o wn  in  F’ igs , H — i  a n d  (1—2 , i’ - sp t ’ t~’t iv (’lv

I
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Appendix I

SUBROUTINE NEW TRACK

INTRODUCTION

The Newtrack subrout ine descr ibed in th is
append ix was implemented in PL/I digital computer
language and successfully tested, See Appendix D
for nonienclautre .

PURPOSE

The purpose of the  Newt rack  s u br o u t i n e  is to
pos it ion the Sett le data samp le points , at an ap-
propriate time position into the local GRI , of a
Loran transmitter in the same chain which is not
pre sen t ly be ing  t r a c k e d .

IMPLEMENTATION

To accomplish t h i s  f u n c t i o n , Newtrack com-
putes the number of c lock counts into the local
GRI for each transmitter not alrea dy in track ,
re—orders the Track status table , and sets the
appropr iate para meters so that the Sett le dat a
sample points are properly positioned .

Newtrack has the follow ing four sub tasks t o
perform to accom plish its funct ion:

1 , Determination of whether a transmitt er
is sche duled to be transm itt ing .

2. Computation 01 time of air ival ol a
s i g n a l  a t  the  r e c e i v e r  a n d  n u m be r  o l  clock  c o u n t s
i n t o  t h e  local  G R I .

:i. Determination 01 count and phase code
ro l l ove r  w i t h  respect to Loran  r e f e r e n c e  t r a n s -
m i t  tci ’ ,

‘I .  R e o r g a n i z a t i o n  of t he T r a c k  s t a t u s  t a b l e

— 1 9 1 —
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When these t a s ks  have  been comple ted ,
Newtrack returns con trol to the Contro l program .

In subtask 1 , the coding delay array is
checked f or pos iti ve v a l ues to de te rm ine w h et h er
a t r a n s m i t t er  is t r a n s m i t t i n g .

I f  t he  coding delay is positive , subtask  2
computes the planar coordinates of the t r a n s m i t t e r ,
the time of arrival of the Loran signal from Lhat
t r ansm it t e r  to the  receiver , and the  number of
clock counts into the local GRI for that transmitter .

Sub t a sk  3 t hen tests  the  clock count  numb er
f or rol lover , modulo the count per (,sRI , If roll-
over has occurre d , the  count for  t h a t  t r a n s mit t er
is decreased by the count per GRI , and the phase
code is increased by 16 . The phase code is then
tested for rollover and decreased by 32 if rollover
has occurred.

Subtask 4 then reorganizes the Track status
t ab l e  when the  compu te d count  f or th is t r a n s m i t t e r
differs by more than  10240 counts  ~2OO —~-.) f rom
all others in the table . In other words , ii this
occurs bef ore any o ther  in the  ta b le , the values
for each entry in the table are remembered in time
and moved upward until the proper slot is created
f or the  new t r a n smi t t e r . If the new tra nsmitter
occurs after the last table entry , th e new v a l ues
are  s tored d i r e c t l y  i n t o  the  Track s t a t u s  t a b l e .

When all transmitters have been processed ,
c o n t r o l r e t u r n s  to t b ’  Contro l program .

The N twtra ck subroutine listing and logical
f low c h a r t  a re  shown in F i g s .  1-1 and 1-2 ,
respectivel y .
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Appendix J

COMPUTER SUBROUTINE NAVIGATE

INTRODUCTION 
U
; 

-

The Navigate subroutine described in this
appendix was imp lemented in PL/I digital computer
language and successfully tested . See Appendix D
for nomenc lature .

PURPOSE

The purpose of Navigate , as embodied thus
far in the Phase 1 design , is to compute fixed
course navigational information such as heading
error , cross-track error and error rate , along-
track distance to go , and along—track distance
rate .

IMPLEMENTATION

To accomplish this function , there are 13
subtasks which Navigate executes :

1. Conversion from earth orthogona l coordin-
ates to planar coordinates for each Loran transmitter .

2. Computation of the effective propagation
velocity for the Loran signal .

3. Computation of geometry-dependent co-
ordinate conversion parameters .

4. Listing of rate parameters for all
transmitters in track .

5. Reorganization of time-oi—arrival list so
as to be relative to reference .

6. Computation of time and distance differences
for all transmitters in track .

7. Conversion from hyperbolic coordinates to
Loran Rectangular Coordinates for the present
receiver position.
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I
8. Computation of and testing of geometric

dilution of precision (GDOP) limit to actuate
baseline extension proximity warning .

9. Determination of easting and northing
rates and frequency offset correction .

10. Computation of time differences of
waypoints . -

11. Computation of Loran Rectangular Co-
ordinates of waypoints .

12. Computation of fixed course guidance
navigationa l information. -

13. Test for time to switch to next waypoint . -

Subtask 1 sets up the triad coordinate system
by finding the centroid of the location of all
the transmitting stations of the chain and then
converting to planar coordinates centered at the
centroid .

In subtask 2, the coordinates computed in
subtask 1 and the appropriate baseline lengths
between transmitters (in microseconds) are used
to compute the effective propagation velocity of
the Loran signal .

Subtask 3 uses the procedure described in
Ref. 5 to compute the geometry dependent coordin-
ate conversion parameters .

Subtask 4 computes the rate parameters for
every transmitter being tracked . I

I

Subtask 5 reorganizes the time of arrival of
signa l list , modulo one GRI time , so as to be
relative to the reference transmitter (which need
not be the master transmitter)

Subtask 6 computes the time and distance I
differences for all transmitters in track .

I
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Subtask 7 uses the proc~dure described inRef . 5 to convert present receiver position to
Loran Rectangular Coordinates . Selection of the
proper sign of the square root of SQN to be used
is based upon comparison of the three computed
receiver—to—transmitter ranges , with three pre- U

established receiver-to-transmitter ranges . An-
other set of ranges is then computed for use
when the Control program calls for Navigate in
a new triad .

In subtask 8, ranges, distances , and Loran
Rectangular Coordinates are used to compute the
GDOP determinant . The determinant is then tested
against a limit to effect a baseline extension
proximity warning .

Using previously calculated rate and geomet-
rical parameters , the easting and northing rates
and frequency offset computations are performed
in subtask 9.

Subtask 10 computes the time differences of
the waypoints as a prelude to subtask 11 which is
the computation of the Loran Rectangular Coordin-
ates of the waypoints. The number of waypoints
which can be used in the Super Receiver/Navigator
is limited only by the amount of memory storage
available .

Subtask 12 computes the direction of the
fixed course and the fixed course guidance navi-
gational information.

Subtask 13 tests the along—track—distance
against a limit in order to begin computations on
the next fixed course leg .

The Navigate subroutine listing and logical
flow chart are shown in Figs . J-l and J-2 ,
respectively.
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Fig. J-2 NAVIGATE SUBROUTINE FLOW CHART (con tinued )
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