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THE GEN-SYSTEM FOR THE EISCAT
INCOHERENT SCATTER RADARS

by

Tauno Tuwrunen
Eiscat Scientific Association
5-981 01 Kiruna 1, Sweden

ABSTRACT

A new set of real time algorithms for the EISCAT radars
has been developed, together with an experimental philosophy
which fully utilizes the new methods. The design goal has
heen to develop a method which allows effective use of the
EISCAT hardware system, gives an easy way to design general
purpose algorithms and makes the best use of the information
obtainable from the target with standard incoherent scatter
modulations. In some cases the spatial response of the new
experiments is also better than in the earlier ones. This new
system of designing incoherent scatter experiments using the
EISCAT radars is called here the GEN-SYSTEM. It contains the
real time algorithms, guidelines to use them effectively and
also a program library containing ready experiments called
BEN-FROGRAMS. The real time algorithms and the experimental
philosophy are described in this report and two examples of
the GEN-FROGRAMS are given.



L. INTRODUCTION

EISCAT { Ewropean Incoherent SCATter) Scientific
Afssociation is equipped with a tristatic UHF-radar
installation located in northern Scandinavia, with a
transmitter and receiver station at Tromso (Norway) and
awxiliary receiving stations at Kiruna (Sweden) and Sodankyla
(Finland),together with & monostatic VHF-radar system in
Tromso. At the time of writing this ( May. 19835) the UHF
system is fully working and the VHF system is under the
ingtallation. EISCAT is financed by CNRS (France), 5A
(Finland), MFG (West Germany), NAVF (Norway), NFR {(Sweden)
arnd SERC (The United Kingdom). A short description of the
EISCAT system is given by Baron (1984).

Since 1981, when the first EISCAT measurements were made,
the system has been used extensively for auroral zone
ionospheric research and it has been developed in many
respects. In November 1984 the UHF radar was working in modes
which, in all essential features, fulfil the original design
goals. This means that a&ll the 8 parallel receiving channels
can be used and one is able to use the full modulation
flexibility of the radar transmitter. One can have in a
single transmission pattern long pulses, pulse codes and
different power profiles in the general case. With some
restrictions one is also able to use both phase coded and non
caded modulations in the same pattern.

During 1984-198% the EISCAT VHF-radar installation was
proceeding steadily and the operation is expected to
beging in 1986 . The receiving system of this radar is
essentially ready and because the softaware needed for VHF
gxperiments is in many respects the same or similar to that
of fully working UHF-rader, one can in principle use the
VHF —radar to its full capacity soon after the testing period
is completed.

Whern EISCAT operations started in 1981, a few measuring
schemes were developed and have since then been used
extensively both in the EISCAT common programme experiments
and in the special programme esperiments of the associates.
Some developments were done later which allow more extensive
use of the radar, but, in general, the basic philosophy has
remained the same. Urnbhappalrly this philosophy does not
necessarily make the most effective use of the system
capabilities. That this happened is relatively natural. The
maethods first used at EISCAT were based on earlier experience
from other radars not having all the modul ation,
multichanmel receiving, and processing capabilities of
EISCAT. For example the EISCAT real time correlator is a
uriique device not similar existing at other radars.



The original experiment design philosophy, which was
rather heavily dictated by the available correlator programs,
was by no means the most effective one. The subroutines were
written in the way that the use of the control registers was
not optimized and the result memory was not used effectively.
fAs a consequence  experiments designed using a few available
correlator programs are not flexible enough to take full
advantage of the EISCAT hardware system. The experiments are
not optimized and expensive investments remain unused.

The situwation became much easier when the CORLAN language
for the correlator programming became available (Torustad,
1982). This very powerful way of programming the correlator
was, however, left almost unused.

This report describes a totally new experimental
philosophy. which is called GEN-S8YSTEM. In its development no
consideration is given to keeping the algorithms "compatible"
with the earlier ones. Instead, the only design criterium was
to develop a system which allows the most effective use of
the radar’s inherent capabilities.

The GEN-S5YSTEM contains two parts:

1) A set of correlator routines which permit
almost any practical esperiment using the
classical modulations to be processed even
in cases when all the 8 receiver channels are
in use.

2Y A program library which contains a few tested
experiments covering the most common experimental
needs. This library not only uses the general
purpose  versions of GEN-SYSTEM correlator programs
but in some cases also special code oriented programs
which are not developed in "user oriented" way.

To use the general purpose set of GEN-SYSTEM correlator
routines the user must write the main correlator program.
However, no microprocessor level programming is needed. The
uwser need only to define the algorithms at the subroutine
call level using CORLAN. For the users not willing to enter
this level, the GEMN-FROGRAMS library offers an easy way to
have ready experimental algorithms developed for different
PUrpOSES.

A complete understanding of this report requires knowledge
about the EISCAT svstem and the general diffuse target radar
philosophy. The EISCAT Experiment Freparation Manual
describes the software svstem needed in the experiment design
{Johansson et al, 1984). The CORLAN manual (Torustad, 1982)
contains the syntaxr needed for the correlator programming.
The hardware system in general is described in the extensive
series of the EISCAT Technical MNotes. Most of the reterences
in this report belong to that series.
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e MULTICHAMNEL MULTIMODULATION EXPERIMENTS AS A REAL TIME
FROCESSING FROBLEM

An experiment in which one can measure from the lower
border of the E-layer to the upper parts of the F-layer
reguires Z-5 different modulations in order to be effective.
Especially the high resclution parts of the modulation
pattern must be repeated several times on several channels to
get reasonable statistical accuracy. These kind of
experiments usually demand the use of all the available 8
receiving charmels. A typical transmission pattern consists
of 1-4 long pulses, 2-4 pulse codes and 1-3 powerprofiles.

Some  parameters are needed to control the necessary real
time computations. These control parameters are loaded into
the microprocessor registers in the correlator. The minimum
amount of input information needed to define the computation
ig given below for different standard modulations:

1) long pul se
~the number of lags
-the number of gates
—a parameter defining the resolution

2)  power profile
~the number of gates

) pulse code
-the number of lags
-the number of samples
=lag increment in the sample space

The third parameter in the long pulse control is a new
parameter used in the GEN-SYSTEM. It is needed to make the
computation of the long pulse data more general thanm in the
older methods. This is later explained in more detail in this
report.

Control parameters for the pulse codes are those needed in
the modulation free UNIFROG algorithm (Ho et al. 1983,
Tururen, 1983 .

If either the long pulse part or the pulse code part
contains two modul ations demanding different sets of control
parameters, then altogether 10 registers must be wused to
contirol the computation. In addition, one needs also at least
the following other control parameters:

1) ~constant {usually 1)

2 —aclchress counter

2y o-one or more temporary storages
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The total number of registers available in the EISCAT
correlators to control the input data and computations is
i6. For a waveform consisting of a combination of one long
pulse, three power profiles and two different pulse codes all
the 16 registers are needed. Thus, to use this modulation
combination, the following can be immediately concluded:

1) =it is not possible to give independent
buffer memory start addresses for all the
eight channels. The address counting has
to be arranged with a single address
counting register.

2y =it is not possible to design & general purpose

algorithm which demands the whole code
structuwre as an input parameter set (positions

cof the pulses in the code, or the system of the
code) and can still control multimodulation
computations. This does not rule out the
possibility that for certain very special cases
that kind of programs can be written. Some
versions of GEM-FROGRAMS library programs, in
fact, are written using specially developed
code dependent algorithms to produce a simple
output data structure.

In the earlier methods the start addresses have been given
for each charmnmel. This is not necessary. No generality is
lost if bufffer memory filling always starts from the address
0000, the number of sampled data points at every channel is
erxactly correct, and there are no gaps between the different
data blocks in the buffer memory. In this way only one
address counter is needed and it is programmed to point to
the first data point belonging to & new data block, when the
subroutine retuwns, and it points to 0000 in the first
subroutine call.

The pulse code definition, as done in the most older
programs, is not necessary. In the method, which defines the
pulse code already in the real time computations. one has to
give N-1 registers to define a code (numbers 3,1,5,2 for
example define one S-pulse code uniquely) and one register
for the rmnumber of samples. This uses the avallable register
gtack too rapidly. The UNIFROG approsch is & general way to
compute the pulsecodes and no other way to do the computation
in a general pwpose program using 8 channels is known to the
author. The UNIFROG approsch can define a general pulse code
computation problem with the same number of registers as
necded for I-pulse code in the older system (providing that
the code definition is done in the most compact way using the
"code system" as & starting point).



The general 8 channel problem has also another side, the
output part. At present EISCAT has only 2k result memory
available in the correlators. This provides an average of
only 25&6 data points per channel, a very small amount except
in some very simple power profile applications. It is thus
clear that one must have:

1Y —a way to compress the data as much as possible, and

2) —a possibility to add the results together from
channels having identical modulations, sampling and
computation.

Data compression is possible in connection with power
profiles and pulse codes. In many cases the spatial
resolution of the power profile pulse is much worse than the
range separation of the samples. In this situation it is
reasonable to add a few neighboring primary gates together
without degrading the spatial resolution. Sometimes it is
also reasonable to add the neighboring gates together in the
pulse coded channels. This can be done in the UNIFROG
approach within certain limitations. The method is often
applicable to Barker coded multipulses when the high spatial
resolution is a direct consequence of the short baud lenght
needed to get lag increment short enough but the spatial
resolution demand is not &s high. This possibility makes also
oversampling of the pulse codes possible and thus the
integration time can be decreased somewhat. Gate addition can
be used to compress the data also in cases when the
calibrations (background power or noise injection power
estimate) are done by using powerprofile computation.

The addition of neighboring gates together is called
"gating” in this report and it is an inherent feature of the
GEN-BYSTEM programs. The saving in result memory space is
often gquite considerable.

The addition of identical channels together is almost a
necessity if one wants, for example, to have 4 pulse coded
channels, 2 long pulses, and several powerprofiles in the
same pattern. In the GEN-SYSTEM this is done by programming
the start addresses of the result vectors to define whether
the identical data vectors are to be summed at the correlator
level or kept separate.

By using both the gating and the channel addition in
effective way, the need for a 4k correlator result memory is
limited to a rather special applications like certain pulse
to pulse correlation experiments and high resolution general
purpose experiments using long codes in the low altitude part
in the EISCAT UHF system. On the other hand it will be needed
in the EISCAT VHF system, in particular for two beam
edperiments.



The incoherent scatter real time algorithm must be fast
enough. In practical cases the multiplication rate is from
about 3.5 to about 4.5 MHz in GEN-SYS5TEM programs depending
on the modulation structuwre. The slowest algorithms are the
UNIFROG and FOWERFROFILE, where the mean multiplication rate
is only 2.5 MHz. Usually, however, the pulse code part of the
computation does not demand a very high number of
multiplications. It is the long pulse part which typically
dictates the computing time. This algorithm is fast. With
commonly occurring control parameters the multiplication rate
of the LONGFULSE routine is 4.2-4.7 MHz.The power profile
part usually takes only a few percent of the total computing
time. The remote station algorithms are very fast in the
GEN-SYSTEM programs.

With careful design of the experiments all these factors
can be taken into account and it turns out that very
practical multimodulation multichannel programs can be
written without serious limitations due to the hardware
syatem.
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E. THE UNIFROG MATRIX

Most of the algorithms and measuwrement schemes in this
report are described in terms of the UNIFROG matrix. This
method was selected because the UNIFROG matrix provides full
desription of the information which can be obtained from a
target illuminated by & radar pulse. The UNIFROG matrix is
described in detail elsewhere (Turunen, 1983 , Turunen and
Silen, 1984) and is briefly reviewed here.

The UNIFROG matrix is & very simple form of matrixz. It
is schematically shown in Fig.Z.1. Its elements are of
the form

=
Edri,m) = Z{n) ¥Z {n+mkl1) Lwhere 3a1)

Zin) is an element of the input data
vector and the supsscript ¥  denotes
complex conjugate. LI is in this report
called lag increment in sample space and
must be a positive integer, and m is a
positive integer.

The UMIFROG matrix is formed from the expectation values
of Ed{r,m) and the expectation values are obtained by taking
time averages of the products making up the elements. As seen
from equation (3.1) only elements in the upper right triangle
are computed. If the input data vector is formed by sampling
a radar signal and if the autocorrelation function of the
transmitted modulation does not vanish at a delay

d = mil.I¥xt , where Ha )
t is the sampling interval

then E{n,m) is directly proportional to the target
avtocarrelation function value at the delay d.

For any given m the function Ein,m) forms a single
diagonal of the matrix. Every element in this diagonal
corresponds to certain range along the radar beam and moving
downwards along the diagomal corresponds to moving to farther
ranges. BEvery element has identical spatial rescolution which
ig only & function of tramnsmitted waveform used in the
target illumination and the parameter LI. The spatial
separation of the elements on the other bhand is & function of
the sampling interval only and every element has different
range. The diagonals are often called "lagprofiles" in this
report. A special case is the main diagonal of the matrisx,
the powerprofile. ‘



Fig.

3.1

The UNIFROG matrix. The only nonzero elements of
this complex valued matrix are in the main
diagonal or in some diagonals in the upper
triangle. The nonzero elements are expectation
values of the delayed complex conjugate products

of the form XM ¥X{n+m¥LI), n = 1,...,nmax ,
m=0,..., mmax. In the erxample LI=2, nmax=25 and
mmax = Z. Nornzero elements and the.active

diagonals are shown enhanced.In the correlator
the first point is the upper left corner after
which comes the rest of the main diagonal, then
the next active diagonal etc. The last point is
the lower right corner point of the last
diagonal. 4



The formulation given in (3.1) fits well to the standard
well known modulations used in incoherent scatter and is
especially practical when the auvtocorrelation function of the
transmitted waveform contains peaks at regular intervals
because then, with suitable selection of LI, the computation
can be limited only to those diagonals which contain
information. All standard pulsecodes are such modulations.
However, in the most general case the parameter LI can be a
suitable integer function of m. This kind of situation is not
handled in detail in this report although it occurs in some
powarful D-laver oariented incoherent scatter radar
applications and numarous amounts of pulse coded waveforms
can be developed on this principle using phase coded element
pulses.

The UNMIFROG matrix is computed by the subroutine UNIFROG
in the GEN-SYSTEM and can be used as source data in the
incoherent scatter analysis. However, in some cases one needs
to compute more compressed forms of data. Algorithms for
compression can be developed by establishing rules how to sum
together elements of the diagonals. It is often convenient to
describe the compression algorithms schematically by
polygons drawn on the UNIFROG matrix where all the elements
on the same diagonal within the polygon are summed together.
This method is used in this report. More details on the
UMIFROG matrix and its properties are found in the
references.



4. THE CORRELLATOR FROGRAMS USED IN THE GEN-SYSTEM

Multimodulation multichannel experiments are severely
constrained by the earlier correlator programs. Thus the
GEM-SYSTEM correlator programs have been written in different
way and they have the following properties:

1) ~the programming language is CORLAM
2y o=an individual main program must be written
for every new edperiment

) —a set of computational algorithms are available
as library programs. These programs are ready
combinations of suitable subroutines and they are
called "master programs" in this report.

4) —the stafting point of the algorithms is the
UMIFROG matrix

) —the master programs have been designed to cover
the most commorn modulation patterns

The GEN-SYSTEM correlator programs inteded for general
purpose applications contain the following algorithms:

1) FOWERFROFILE
2)  UNIFPROG

3 SPECIALUNI (modified UNIFPROG)
4)  LONGFULSE
3y REMOTE

&) ITMFULSE
7y GEM-DUMF
8)  DUMMY

Only the first six are called in the main programs written
by the user. The subroutine GEN-DUMF is used only to transfer
the data to the CAMAC system and the subroutine DUMMY is a
do-nothing statement used to shorten the programs. The
subroutine REMOTE is not & single subroutine but a
combination of three subroutines which do the timing check,
remote station signal ACF computation and boxcar weighted ACF
computation of the background and noise injection data . It
can be called in many different modes. One can directly enter
to the last of these subroutines, subroutine IMFULBE. This is
wsed in the receiver system calibration programs belonging to
the GEN-FROGRAMS library.

More advanced routines have been written in the individual
code oriented way for the special correlator programs used in
some experiments in the GEN-FROGRAMS library. These routines
are not handled in this report.



The computational algorithms were selected so that the
information is used as effectively as possible. The UNIFROG
and FOWERFROFILE routines permit addition of receiving
channels having identical modulations and the addition of
neighboring gates. The largest difference with the earlier
programs occuwrs in the single pulse autocorrelation function
(ACF) routine. In the GEN-SYSTEM the single pulse ACF
estimate is computed such that the absolute volume boundaries
are the same at every lag and the spatial resolution is a
programmable parameter.

The GEM-SYSTEM master programs are combinations of
subroutines to which the user writes the main program. The
main program is often only a list of subroutine calls, but it
can be a more complicated program , too. Depending on the
master program the number of different subroutine calls
allowed is 2 to &. The formats of the calls are described in
the comment part of the master programs. The main program can
contain one level subroutines (subroutines containing
subroutine call lists) but it cannot contain loopcounter
based looping.

It is possible to make the program basing on the comments
given in the master programs, but if the subroutine call list
is not enough to solve the problem, the user is advised to
study the CORLAM Manual, the related report GEN-SYSTEM
Correlator Frograms (Twunen, 1983) and corresponding
soglutions in the BGEN-FROGRAMS library for further details.
The correlator master programs in the GEN-SYSTEM are the
following ( as in May, 19835):

GEN-&-LIEF2: CLAN
GEN-B-L2UIF2: CLAN
GEN-C-L 1UZFZ: CLAN
GEN-D~-1 1U2F2: CLLAN
GEN-E-L1U1FZ: CLAN
GEN-F-L1UIFPZ: CLLAN
GEN-G-L1IULIS1FZ2: CLAN
GEM~-H-UZF2Z2: CLAN
GEM-REMOTE: CLAN

(L. = LONGFULSE ROUTINE)
(U = UNIFROG)

(F = POWERFROFILE)

(8 = GFRECIAL UNIFROG)

The last part of the code name reveals the subroutine
structure of the program. Thus, for example, LZ2ULIF2 means
that the program contains two independent long pulse routines
(L2), one UNIFROG routine (U1) and two power profile routines
(F2). Remote station oriented master program GEN-REMOTE is
designed for beamwidth limited applications and can handle
two different long pulse modulations. It contains also
suitable routines for the system checking applications.
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The subroutine calls are not very complicated. The example
given below could be a subroutine call in master programs
GEN-E, GEN-E, GEM-F and GEN-G.

NEXT

RELOAD LCR1

RELOADVALUE=RSAFR (AFBINCR)

FSAFM (RESTARTADD) =RESAFM (RESENTRY 4)
Call UNIFROG

The first lirne defines a new program step in CORLAN. The
next two lines load the loop counter 1 register LCR1 to a
value given in the AFE register named AFRBINCR (=AFB
increment=1). This defines the gating parameter and if loaded
to a value 1 it causes that two neighboring gates are added
together in the correlator. The fowth line defines that the
AFM register named RESTARTADD is loaded to value given in a
register named RESENTRY4. This defines the first result
memory address going to be used by the subroutine which is
called in the last line. The rest of the computation control
for the UNIFROG routine is read from the AFR registers loaded.
by the user. The routine used in this example reads three
parameters: the number of the samples to be handled, the
maximum lag and the lag increment before it starts processing
the data.

The AFBR and &FM stack registers have "symbolic" names iIn
the CORLAN language. These names are given in the INDEX
statements which relate the names to the addresses of the
control registers. So in the example the RBAFM(RESTARTADD) is
the AFM stack register , which contains always the RESult
memory START ADDress of the called subroutine. The
corresponding GEN-E INDEX statement is

INDEX RESTARTADD=2Z2 ,

which means that the register RBAFM(Z) is used as a register
RESAFM(RESTARTADD) . The user has to know the INDEX table of
the master program in order to correctly load the registers
in the ELAN file. This table is always given in the beginning
of the master program. The INDEX statements do not separate
AFE and AFM registers. The INDEX featuwre and the general
syntax of CORLAN result in programs that are nearly
"symbolic”. They are easy to read and easy to write once the
principles of the CORLAN language are known. The subroutine
design demands knowledge about the structure of the
correlator and the properties of its microprosessors. Such
knowledge of the correlator hardware is not necessary for
wrriting the main programs.

In different master programs the subroutines and their
calles differ to a certain extent.

The subroutine call sequence in the GEN-BYSTEM correlator
programs is in the same order as the data vectors in the
buffer memory. If the buffer memory contains data from
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channels 1-4 in that order, and the first channel is a long
pulse channel, the next two are pulsecodes and the last one
ig a power profile, then the subroutine call list of the main
program has the following simplified form:

NEXT

CALL LONGFULSE

NEXT

CaALL UNIFROG

MEXT

CALL UNIFROG

NEXT

CALL FOWERFROFILE

The lines not specified in the example contain the gating
and channel addition control for the UNIFROG and FOWERFROFILE
and the number of gates and channel addition control for the
LONGFULSE. The rest of the information needed in the
computation is read by the routines from the relevant AFE and
AFM registers loaded in the ELAN program.

A little more advanced way to handle the subroutine calls
is to make subroutines which contain only subroutine calls.
One level of subroutines is allowed in the user written part
of the GEN-SYSTEM correlator programs. Many of the
GEN-FROGRAMS are written this way and the examples given in
the appendixes show the needed structure in detail. This
method makes possible to control computation of more than 20
datablocks with very limited number of correlator main
program steps. Thus, for example, one can always program in a
way that no "garbage" gates appear in the long pulse data and
that calibrations in pulse code channels are done in an
effective and memory saving way.

The decicion to have the main program be a part of the
experiment design was needed to give the necessary
flexibility to the system. The number and order of the
subroutine calls is the same as the number and order of the
data blocks in the buffer memory (note alsoc the looping
possibility). One data block is often, but not necessarily,
all data of one channel. 1f free positions for the subroutine
calls exist in the correlator, then it is always practical to
handle the data and calibrations of a single channel as
separate data blocks.
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The above description gives the basic ideas of the
GEN-SYSTEM correlator programs. The CORLAN 1anguage manual
describes the syntax in detail. The examples in this
report give further information about the use of the
programs. After knowing the details (there are not too many
of them) the correlator part of the experiment design is in
fact an easy part of the programming. It is a description of
the buffer memory layout in the form of subroutine calls.
Finally the program is compiled by the CORLAN compiler, which
orly asks for the input and owtput files.

The total number of the subroutine calls depends on the
amount of free positions in the correlator program memory and
this depends on the subroutine structwe. In the present
versions of the programs, the nunber of free program steps is
between 12 and 29. The program GEN-C is the most "crowded"
one. Sometimes the number of available subroutine calls is a
amall limitation but amn 8 channel multimodulation experiment
seems to be always possible to control, at least by looping
the subroutine calls. Fuwrther developments of the algorithms
may give more space for the subroutine callsi; but even in the
present forms they are practical.

Correlator programs which have not been designed to have
general purpose featwes and no importance is given to the
easny wse of the program can be commanded to do more
computations than the standard general purpose GEN-S5YSTEM
correlator programs. In & few cases this kind of special
programs have so much benefits that they are worth writing.
One application is in experiments having 300 meters
resolution. If one wants to have reasonable range coverage
arich high number of lags the UNIFROG matrix format enters to
difficulties because too lange number of matrix elements
outside the decodable altitude range has to be computed.
Similar difficulty arises if the pulse-to-pulse correlation
experiment uses Barker coded pulses in complicated
combination codes. SBometimes the modulation structure is such
that & possibility exists for real time decoding of all the
computed UNIFROG matrixes and it is tempting to make use of
it. For those cases special programs have been developed in
the way that they can be used exactly with the given
measwring algorithm for optimized output data structuwre. They
are not intended for other applications and are not handled
im this report to any details. Some edperiments in the
GEN-FROGRAMS library make use of such special correlator
QO SN .



9. THE GEN-SYSTEM FOWERFROFILE

The power profile routine FOWERFROFILE is essentially the
same as in all EISCAT correlator programs but it is more
general in the sense that in the subroutine call one can load
the loop counter register 1 to a value which defines how many
neighboring gates are to be added together. This is called
"gating" in this report and it is defined in a similar way
also in the UNIFROG routine. The value specified for the
gating is the number of gates to be added together minus one.
Thus a value of 0 as the gating parameter produces a
"mormal" powerprofile.

Note that in some master programs there are no AFE stack
registers reserved for the gating control. Thus in the gating
commard sequence:

NEXT

RELOAD LCRI1 “Zgating
RELOADVALUE=. . . .. “command
CALL FOWERFROFILE

the RELOADVALUE must be formed by arithmetical operations
from the available register values in the AFR stack. The
values 0,1 and 2 are simple and always available because
they can be formed in the following way:

RELOADVALUE=D
RELOADVALUE=RSAFE (AFBINCR)
RELOADVALUE=RSAFE (AFRINCR) +REAFE (AFRINCR)

where the content of RSAFB(AFBINCR) =1 {(AFE increment) .

Other values have to be formed either as a sum or
difference of two (and only two) available AFE register
values or set to the available register values themselves.
This sounds like & big limitation but since in general the
AFPB stack registers contain more than 10 small numbers , in
practice, a large number of values can be generated.
Sometimes it is necessary to select some other parameters in
the program in such a way that a suitable gating control
value is also obtainable. There was no other way to arrange
the gating control because free AFE stack registers were not
always available.



The power profile routine computes the main diagonal of
the UNIFROG matrix and adds, under the control of the gating
parameter, a few neighboring points togather. This is shown
sechematically in the Fig. 5.1, The power profile routine
counts the number of samples. Thus the mumber of gates s 10
the output data vector:

NOGATES=NOSA/ (GATING+1) y whie e (5. 1)

NOSA= the number of samples in the input data
NOGATES=the number of gates going to be computerd
BOTING= Lhe gating parameter as defined above

Only the parameter NOSAMPLES is given in an AFE register
and in the GEN-SYSTEM index tables the name PPNOSAOMPLES is
assigned Lo the reglster wsed for this purpose.

The power profile routines in the GEN-S8YOTEM programs aro
not essentially different from the earlier progeams. Some
points are, howsver, worth mentioning. Because the gat i mng
parametar is given in the subroutine call and dogs not
wsually appear in the correlator AFE registecr stack loaded La
fhe ELAN file the information aboul the gating has bto be pub
onto the tape in anobber way. One  way 14 ho descoribe it in
the description file of the experiment. Another way is Lo
write a symbolic file of the main correlator program to the
data tape. There are also other reasons for doing that and
Lhas this mebbhod s recommended,

The gating may diffar in the signal part and calibrabion
parts of the powsr profiles. In that case bthe mean values of
the background noise and noise iajection have to be soaled
hafore applying tham in the subteraction of thae backgroue
noiees  and determination ofF the calibrated signal steanght.
¥ the signal part is compubed with gating factor GATINGL and
the background nols with the gating factor BATINGE, then
before subbracting the nolsse mean value, 1L oust be
mudtiplied Dy

Ma: (AT INGL+1) /7 (EATINGEES 1) (8.8

The powsrprofile routine is very often used bto coopute Lhe
backgrownd noise and nojse injdection parts of the puls et
chanmels in BGEN-FROGRAME . AL o Lrvardakly b ; £ gye
the calibration is differant feom the gating for b 5
codaed data (compubted by bhe UNIFROGY . 0F the FPOWE WO LLGE
gating factor is GATINGF and the UNMIFROSG gabting fachor
HETINGL thaen bthe backgeouwnsd aolse and nolse rofaotion
metimates nust be multipliad by

Pz CEMT TN LY/ CEAT DINGE 1 LD



w1 Gated powerprofile computation. Only the main
diagonal of the UNIFROG matrix is computed and
the (GATING+1) neighboring elements added
together in the way shown. In the example the
gating parameter is 4 and S result memory points
are computed.



Ay dndividual sample in the main diagonal of fths UNIFROG
matrix containg signal power coming from a volume having
lenght D along the beamd

Do (THSTER) #0272, (W INE

whare T is the leaght of the transmithed pulse and STEF is
the receiver system step response time to the final level
(in practice almost the samse value as Lhe filler group
dalay).

The parameter D, when e@xpressed in this way, gives wilh
good accuracy the separation of the wppeaer and 1ower
houndaries of the volume., The spatial weighting factor within
Lhe volume is obbtainsd by convolviong bhe transmitbed pol s
with the receiver inpulse response function and sguacing the
result. In many practical cases, when T is considerably
Longer than STEF, the spatial waighting is nearly boxoar
gshaped, When applyving gating, several volumes of this shape
are summed together with the centers of the volumes separate
by an amount

et /2, (&a )
where b ois bthe sampling interval.,

I T = Lo (BATING+1) , the resulbing volume has alnost a
triangular spatial welighting funchtion. In all the other coeses
the spatial weighting function is similar Lo "triangle
without the top". The lenght of the volume in the case of
gating i

DB CrrGTEF-HEOT INGE®L ) %o /2 (le &)

The resulbing volume cenbter poinbs have & separalion
which in this report is called gate separation

G CEMT ING L) st /00 (5.7}
The middle point of the {firet gate is abt a range RONGEL

FOAMGE L= DEL Sk /2 CTRETEP - GATING* L %e /4, (85 &

where DEL s the delay between the fbeansmission of
the leading edge of the illumination and start sampling
tronnmeand .



In many cases it is convenient to use gating because it
compresses the data and produces gates whose separation is
not too small compared with the gate resolution. When
triangular spatial weighting is programmed, the volume size
at the 79% contribution level is DABRS/Z ;3 in two neighboring
gates 297 of the contribution arises from the common part of
the volumes. The gate separation is the same as the gate
resolution at about the 754 level. This parameter selection
(GATING+1=T/t) is often & quite reasonable compromise.

The pulse lenght, receiver step response function,
sampling frequency and the gating together dictate the
spatial filtering properties of the powerprofile algorithm.

The power profile routine is fast enough in GEN-SYSTEM
programs. The multiplication rate is 2.5 MHz undepending on
the gating parameter.

The computation time COMP is obtained from the formula
COMP= {2XNOSAMFLES+7) %0, 2 us (3. 9)

The speed of the power profile routine is not critical.
The total number of UNIFROG matrix elements computed by the
power profile routine is usually very small compared with the
number of elements computed by the other subroutines. In
practical experiments only a few percent of the total
computing time is used by the power profile routine.



6. THE GEN-8YSTEM UNIFROG AND FULSE CODED MODULATIONS

The UNIFROG routine is a development of the original
"Universal Frogram” (Ho et al, 1983). This algorithm is used
in the GEN-SYSTEM mainly to compute lag products for the
pulse coded parts of the modulation pattern. One has to
remember, however, that the UNIFROG routine is a general
algorithm which works with any modulation although with some
it is not practical because of high amount of the result
memory space needed. In the case of standard pulse codes,
however, it produces an output vector which is the most
compact one possible that contains all the available
information. The UNIFROG routine computes the main diagonal
af the UMIFROG matrix and every LIth diagonal in the upper
triangle up to & limit. The limit specified by the total
number of diagonals is UNILAGMAX+1, where the parameter
UNILAGMAX is given in the AFE stack. LI is called the lag
increment and the name UNMILAGINCR is assigned to the
corrsponding AFR register in the GEN-SYSTEM index table.

The gating parameter for the UNIFROG routine is defined in
the same way as for the power profiles. The gating parameter
cannot, however, be set to any arbitrary value but it must be
such that the resulting UNIFROG matrix can be decoded.

Before handling the gating one has to know how the pul se
code is decoded from the output vector. Fig. 4.1 shows
schematically the computations done by the UNIFROG routine.
The gating is done so that the first point at every diagonal
is also a first point of a new gate. Thus the algorithm
reguires that the number of points in every diagonal is the
gating parameter+l multiplied by an integer. The main
diagonal in the UNIFROG matrix before gating has the same
number of points as exist in the input data vector. Thus the
rnumber of points in the input data vector must necessarily be
arn integer times the gating parameter +1. Hecause the number
of points in the other diagonals is the number of points in
the main diagornal minus 1%.I, where i=1,...,UNILAGMAY the
necessary conditions for gating are:

1) the number of points in the input data vector must
be an integer times the gating parameter+1l, and

2) the LI divided by the gating parameter+1l must be an
integer.



Fig. &.1.
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Gated UNIFROG computation. The parameters in the
example are nmax=20,LI=2,mmax=3%, and GATING = 1.
The figure shows how the gating scales the
original UNIFROG matrix to a smaller matrix, which
still has the properties of the UNIFRDOG matrix.
The enhanced points are the elements related to
the decoding of a Z-pulse code transmitted in
system 1:2 and sampled for LI=2. In the smaller
UNIFROG matrix , which appears in the correlator,
LI = 1 because of gating. Two neighboring gates
are thus added together in the example.



After gating the resulting compressed UNIFROG matrix has

1) a main diagonal containing the original number of
points divided by the gating parameter+l, and

M the same number of computed diagonals as before, and

) a lagincrement equal to the original lagincrement
divided by the gating parameter+l1

Figure &.1b shows schematically how the gating scales the
original UNIPROG matrix to a smaller UNIFPROG matrix having
different parameters.

The next aspect to consider is the pulse code. Before
discussing the actual decoding, we must have a system for
describing the pulse code modulation pattern. We choose a
system in which the pulse code is described by a set of
numbers specifying the relative delay between neighboring
pulses in the code in the order in which they appear. The
urit delay used is the shortest delay between any two pulses
(DELMIN) in the code divided by the product of sampling
interval (t) times lagincrement LI. Examples given below
illustrate this system of describing the code:

e B B Z-pulse code, system 1:2
. O D A4-pulse code, system 1:l:ld
e T LT 4-pulse code, system Zrl:l
™ ™ ™ ™ S-pulse code, system 3:1:5:2
&) DELMIN/(txl_I)=1 , ~  is a simple pulse.

BE_H I~-pulse code, system 1:2

LJBE B R 4-pulse code, system 1:3:2
WBLOBB . BB S-pulse code, system J:1:5:2

b)Y  DELMIM/(txLLI)=1, B_ is a phase coded pulse with M bit
code. Codes are transmitted so that in the lag 1 group
no gap exists between the pulses. The transmission gaps

between the other pulses are integer times MYt

_B.B.,  .H. Fepulse code, system 1:3
_WB.B. . WB._WH. 4-pulse code, system 1:

¢) DELMIMOLXLID)>=1, _.B. . is a phase coded pulse with M bits

followed by a gap of one bit lenght. All the other gaps
are integer times M+1 bits

-~

Fig. 2. Examples of the formation of the code
description system. The pulse patterns show the
amplitude modulation needed to form pul se
codes. The leftmost pulse is assumed to be
transmitted first. For details see the text.



The delays obtainable from the code are all the individual
elements of the system and all the possible sums of two or
more neighboring elements of the system {(called the system
sum and denoted by 55U . Thus the 4-pulse code having the
system 2:3:1 has the following lags: 2, 3, 1, 2+3, 3+1, 2+3+1
i.e. all the lags from 1 to 6. When these values are
multiplied by the unit delay of the lag 1 pair, then one
obtains the actual time delays of the ACF estimate.

If the smallest element in the system of the code is 1 as in
all the simple examples given in Fig. 6.2., then the lag 1
delay is t¥LI. It is, however, not necessary that the
smallest element is 1. Fulse codes can be built, using

phase coded pulses, also so that the smallest element of

the system is an integer obtained by dividing the number of
hits of the elementary pulse phase code by an integer. In
order to obtain a suitable element pulse one often has to add
one or more "rero bits" into the elementary pulse (13 cannot
be divided by any number but 13+1 is already dividable by 2
and 7). These kind of pulse codes could be called
NMcompressed"” pulse codes. They are about as free from the
spatial ambiguities as the "normal"” pulse codes using phase
coded pul ses.,

EXAMFLE: A Z-pulse code has a 13 bit Rarker coded pulse
plus a gap of one baud lenght as an elementary pulse. A code
having system Z2:% is formed by a seguence:pulse+pulse+ 7 bit
gap +pulse. This code has lagincrement 7 and in UMIFPROG
computation the lag 1 is a 7 bit delay (note that lag 1 is a

"missing lag™)

In general case the first obtainable delay from the pulse
code iz LALIXSMIN, where SMIN is the smallest number in the
system of the code.

A1l "standard" pulse codes ,with or without phase coding,
have 1 as a smallest element. "Compressed" pulse codes,
however, have sometimes very useful properties.

Before analysis one has to decode the UNIFROG matrix, i.e.
to define the correlator addresses of the matrix elements
which form an avtocorrelation function estimate for a given
altitude.

The decoding of the UNIFROG matrix is done using the
svetem described above. The system sums, 55U , give the
obtainable lags. But the different lags which correspond to
the ACF from a fixed altitude are not ordered in a
straightforward way in the UNMIPROG matrix. This is
illustrated in Figuwe &.3. for the 4-pulse code transmitted
in the system Z:3:1 and sampled for lagincrement 2. Fig. 6.7%5.
is a range-time diagram showing the timing of 4 transmitted
pulses (assumed as delta functions) and the data samples Z1.



Fig.

P 3

IARA RS RE

-
d
w

B

- A

RANGE GATES

S

| \\

™ 21 i 215 TInE
! SAMPLES
P . | lA
RANSMITF o PULSES T asa 61
LAGTD
LAGY
LG T
3 LAG 6
21 25 2lo 5 2120
. - !
2t . 11_5r n L3 S ——
-
2% -
210 -
2/5+
220p
&.7. The range—time diagram (upper part) for a 4-pulse code

showing the formation of the ACF of the first gate.
The cluttering altitudes have been marked with open
circles. The lower part shows the elements of the
UNIFROG matrix containing contribution from the

first gate. The elements needed in the ACF have been
marked with open circles. Note the similarities in the
upper and lower parts of the figure after rotation of
45 degrees. For details see the text.



The reference range is chosen to be the range corresponding
to the first pulse at the time of the first sample Z1i. The
1:1,5:5,11:11 and 13:13 elements of the main diagonal contain
contributions from this range. The same reference range
contributes to the lag 1 diagonal at position 11:13 i.e. the
eleventh element in the diagonal. Correspondingly for lag 5
the reference range contributes at position 1:11, the first
element in the diagonal. In general for each lag the
lag-product associated with the reference range is located a
number of elements, herein called the decoding sum (DSW),
down the diagonal of that lag. This is illustrated in Fig.
6.3b. The correct decoding sum DSU for each lag is
lagincrement (LI) times the sum of the system elements
prededing the elements used in the computation of the system
sum 58U giving the lag. If gating is used, then one has to
divide this number further by GATING+1.

The third system sum is needed in the balancing of the
pulse codes and power profiles. This is called balancing sum
and it is formed by adding 0,1,2 etc. first elements of the
system of the code in inverted order. This is denoted by X&SU
later. In case of the code 3:1:3:2 the X8U obtains values
O 2. 758411,

EXAMFLE: A four pulse code with system 1:2:2 is transmitted
and the lag 1 delay is 40 us. The sample spacing is 10 us and
25 kHz linear phase filters are used ( having a group delay
of 21 us). The individual pulses have 20 us duration. The
gating factor is 1 2 neighboring points added together).
The sampling starts 620 us after the transmission of the
leading edge of the first pulse and 100 samples are taken.
Altogether 8 lags (O,1,....7) are to be computed. Zero lag is
the main diagonal of the UNIFROG matrix (called often X-lag
in this report). The RESTARTADD giving the first used
correlator address is loaded to a number 200 in the
subroutine call .

~What are the addresses of the elements of the
avtocorrelation function for the first range gate?

-What is the nominal altitude of the first gate 7
~How many gates can be decoded?
~How many result memory points are needed for the data®?

~How long time is needed for the computatiom in the
EISCAT correlators?



SOLUTION: The lag 1 delay is 40 us and the sampling freguency
is 10 us. Thus the UNILAGIMCR in the GEN-SYSTEM UNIFROG
ig 40/10=4, The number of samples is 100 and thus the
parameter UNINOSAMFLES is 100. The gating factor is 1
and thus in the subroutine call a sequence RELOAD LCRI1
RELOADVALUE=RSAFR(AFRINCR) must be given. Gating factor
+1 = 2. Thus the final lag increment is 4/2=2 and the
number of points in the main diagonal is 100/2=50. The
number of the points in the other diagonals is S0-iXLI,
where LI is the final lag increment. Thus the number of
the points in all the diagonals and the addresses of the
first points of the diagonals and the first gate at each
lag are the following:

LA FPOINTS S84 DEUXLT FIRST FOINT FIRST GATE
X o) not defined SO0 not defined
1 48 1 0 PEO SEQ+O=F0
e 4.4 @2 (1+3) %2 998 FPE+8=1004
5 4.4 3 1%2 1044 1044+2=1044
ke 42 1+73 0 1088 1088+0=1088
o 40 Jk2 12 11ED 1130+3=1 132
& =8 1+3+2 ) 1170 1170+0=1170
7 b not defined 1208 not defined

the address of the last point is 1208+36-1=1247%

The total space taken by the data is 1243-900+1=344 result
memory locations. The GEN-SYSTEM UNIFROG takes gating + 1
times = two computing cycles (one cycle is Z00 ns) for one
result memory point. The computing time taken by the
correlator is approdimately 2¥I344%2%0.2=275.2 us. In
practice, when taking into account the overhead of the
computing, a value 280 us could be used when estimating the
time needed for the example computations. The total number of
gates is always the number of points in the longest lag
diagonal, the one formed by adding all the system elements
together. In the example it is the lag & and thus the number
of gates is 38. The addressing of the first gate is shown in
the last column. The data of the ith gate is formed by adding
i=0,...,37 to the value given, and i is the index of the gate
{starting from 0). The lag 7 is not provided by the pulse
code waveform. Thus there is no correlating signal and the
mean value of all the lag 7 points can be used to estimate
the receiver offset voltage. The lag O canneot be handled in
the same way because it contains contribution from several
altitudes. It is called here the lag X and it is important
for balancing the pulse coded channels against the power
profiles. It is also possible to make deconvolution and
obtain a true zero lag estimate from the X-profile. This
special application is not handled in this report.

Where is the first volume? The sampling started 4620 us
after the leading edge of the first pulse in the code and the
group delay of the used filter was 21 us. This is also the
time needed for the step response function to obtain the
final value with great accuracy in the used filter
conficwation. The middle point of the first primary volume
is approdimately at (620-Z1)¥c/2, where o is the velocity of
the light. This is at the range 8%9.835 km. The gating factor
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was 1 and thus two neighboring gates where added. The two
gates added together to form the final first gate have the
middle points at ranges 89.85 and 91.35 km. The resulting
middle point is 920.46 km. This can be considered to be the
final middle point of the first volume after the gating.
Hecause before the gating the range separation of the
volumes is the same as the sampling freguency¥c/2=1.3 km,
then after the gating the gate separation is 3 km in this
example. The total range is (38-1)%3=111 km and thus the
total range coverage is 90.6-201.6 km. Note that the altitude
of the first gate is not absolutely correct. Because the
settling time of the step response function is slighltly
longer than the pulse lenght, there is a tiny asymmetry in
the spatial response. The calculation given above does not
take into account the distance factor change within the
volume either. This causes a bigger error than the step
response function behaviow . The resolution of the gate is
from the absolute lower boundary to the absolute higher
boundary (20+21)%c/2=6.13 km before the gating. The spatial
waelighting factor is approximately "Gaussian squared" with
2% limits separated by 2% km. Two of these., separated by 1.3
km , are added together to form the final gate. The absolute
boundaries are then 7.69 km apart and this is not infinitely
small compared with the range of the nominal middle point,
which was 90.46 km. Thus a nonzero distance factor correction
exists. The main contribution arises , however, from a much
gmaller volume of the order of 3 km depending on how the user
wants to define the volume. The tiny correction factors
mentioned here are, in most practical cases, only of academic
interest.

It is straightforward to develope formulae for the
decoding of the UMNMIFROG matrix for any special application.
It is, however, not very trivial to give general formula,
because the way how one wants to calibrate the experiment may
differ from case to case. The used method may also be
dictated by the number of free subroutine calls available in
the correlator program. I+ one has to combine two data
vectors into the same UNIFROG matrix, then the decoding
greatly differs from the one given in the example. In pulse
coded data it is only necessary to calibrate the offset,
gain, and system noise. The impulse response information has
to be measwred externally. The calibration data may be
handled with the same subroutine call or it may be handled by
the power profile routine, because only power profile
computations are needed in the gain and system nolse
estimation. At long lags the expectation value of the target
ACF gives a smaller contribution than the receiver offset
voltage {(and all low frequency noise components) in spite of
the improvements to the receiver system. The easiest way to
ohtain the offset estimate is to compute a lag which does
not contain contribution from the target.

Some general formuwlations, sufficient for most
applications, are given in the next two chapters.
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7. DECODING OF THE FULSE CODES FROM THE UNMIFROG DATA
AMD CHANNEL. BALANCING

If the GEMN-SYSTEM UNIFROG routine is used in "normal "way,
then the decoding can be exdpressed in terms of simple
formulae. It is assumed that the UNIFROG is used with the
philosophy described in the previous chapters and this is
always so in the GEN-FROGRAMS library. The formulae are,
however, also given in little more advanced versions which
are not usuwally needed in connection with GEN-FROGRAMS but
which make the analysis of the original UNI-FROG based data
(like EFOR and ESLA data collected by many users) possible in
the similar way.

In the decoding formulae the following symbols are used:

RES = the result memory start address for the data
computed by the UNIFROG routine. It is either the
RESENTRY given in the AFM stack and used in
connection with the CALL UNIFROG or the start
address computed automatically by the GEN-S8YSTEM
correl ator program.

SaM = The number of input data points handled by
the uniprog section. It is given in the register
UNINOSAMFLES.

LI = The lag increment used in the computation and given
in the register UNILAGINCR. Note that this is the
computation lagincrement and not the final output
data lag increment.

MLA = The maximum lag given in the register UNILAGMAX.
{the number of UNIFROG matrix diagonals to be
computed + 1).

GAT = The gating parameter (the number of gates to be
added~-1) given in the subroutine call (RELOAD
LORLY

35U = The system sum giving the index of the lag being
computed. See previous chapter for details.

DU = The decoding sum used to compute the address offset
along the diagonal to get the address of the first
gate at the lag specified by the 55U. See previous
chapter for details.



X5U = The balancing sum needed for the pulse code and
power profile channel balancing. See previous
chapter for details.

MSU = The largest S5U which exists in the pulse code and
is not greater than MLA. It is needed to compute the
number of gates.

i = lag index 1, 2, ..... MLA. This is the same as the
88U if the S8U exists for the code in use for a
given i. If the 55U does not exist, then the lag
does not exist in the code and that lag can be used
for calibration purposes.

a = gate index 1,2,....gmaxx. The lowest gate is 1, the
highest is gmax.

ADDR (g, i) = The result memory address of the target
autocorrelation function for the gate g and lag i.

ACF(g,1? = The value of the data point at address
ADDR{g,.,i). ACF{(g,i) is the raw autocorrelation
estimate.

DATA (k) = The value of the data at the address k.

XBACKGR = The mean value of the background points

in the pulse coded channel.

XNOISE = The mean value of the noise injection points

in the pulse coded channel.

FBRACEGH =  The mean value of the background points

in the pulse coded channel.
FNOTSE = The mean value of the noise injectin points

in the power profile channel.

Note that the last four parameters have to be corrected
for the possible difference in the gating factor between the
seatter data and calibrations.

The parameters listed above are sufficient to decode the
UNIFROG section data if only the data block containing the
scattered signal is computed by the UNIFPROG and the same
UNIFROG matrix contains only one data block.

The first step is to check that S5U exists for the i under
consideration. When the elements needed in the 55U are found,
thern the elements used in the DBU are known and DSU(L) can be
computed. One must check the value of gmax.



gmax = (SAM-MBUXLI) /7 (GAT+1) (7% 1)

ADDR (g, i) =RES+ (i ¥SAM-( (i-1) ¥i /2+DSUi) ) XLI/ (BAT+1) +g—1

G2
where
i=1,..,LMA and S8U=1 exists
g=1,..,0Mmax

If 85U does not exist, the lag is a "missing lag". Then
the data points are proportional to the offset bias voltages
and very low frequency (hum) internal interference. In the
simplest case these can be assumed constant during the
sampling (not always a valid assumption) and the mean value
af the points can be taken. The complex mean value is called
OFFSET and the corresponding diagonal in the UNIFROG matrix
is called the offset profile. It is often wise to leave some
of the first points in the offset profile unused, because
they may contain receiver recovery and ground clutter
effects. The number of unused points is called DEL and its
value depends on the measwing conditions, hardware status
and the modulation pattern. DEL has to be spesified by the
user in the analysing phase of the data. Then the
normalized OFFSET can be computed by using the formula

ADDR {1, i)+ (85AM-1 %L 1) /7 {(GAT+1)
OFFSET= DATA (k) / ((5AM~1 %L.1) / (GAT+1) ~-DEL)
k= ADDR{1,1i)+DEL Gl )
and 55U=i doss not exist

I the data dump contains several offset profiles, a mean
value of all of them can be used as the offset. The value for
the offset corrected ACF(g,i) = CACF(g,i) is obtained from

CACF (g.i) = ACF{g,1)-0FFSET . 58U=i exists (7.4)

Two other elements are needed to obtain the target
autocorrelation function, namely the zerco lag estimate and
the absolute power scale. These are obtained from the power
profiles, which have to be measured using the same spatial
response and the same receiving parameters and in the way
that the power profile gates coincide with the pulse code
gates.

The approach described here is based on the fact that if
the signal to noise ratio is good encugh for analysis, then
it is also good enough for balancing using direct comparisons
af the target signals. The main diagonal of the UNIFROG
matrix (called the X-profile in this report) is a linear
combination of as many power profiles as there are pulses in
the pulse code. These power profiles have relative spatial



offsets which depend only on the used pulse code. To find
them we define balancing sum XS5U(n) as the sum of n last
elements of the code and n = 0,1,....,nmax, where nmax is the
total number of the elements in the system of the code. Thus,
for example, the XS5U(n) values for the code 1:3:2 are 0,2,95
arnd &. The XS5Un) are the relative offsets to make when
summing power profiles to obtain the profile to be compared
(balanced) against the #x-lag profile.

To get the absolute shift between the reconstructed power
profile and the x-lag profile we must calculate the
difference in range between the first gates of the two
profiles. Fower profiles must be programmed to start at 1ower
range. The first decodable pulse code gate is the one to
which the datapoints CACF(1,1i) belong to. It is at the range
RFC{g) ., g=1

RFC(1)Y = ((FCDEL-(T+STEF) /2)Xc/2 + ((GAT+1) /2) kt¥c/2

where (7.5)

FEDEL. = start sampling delay of the pulse coded
channel

T = the pulse lenght used in the code

S5TEF = the step response time of the receiver
gsystem (in practice the same as the group
delay)

t = gampling interval

In similar way one can define the first gate of the power
profile channel RFF(1) by replacing FCDEL by the
caorresponding start sampling delay of the power profile
channel (FFDEL) because the other parameters must be the
same. The offset, in units of gates, between the power
profile and pulse code is given by

DAL = (FCDEL-FFDEL) / {(GAT+1) ¥t) (7.6)

DAL must be an integer and it must also be a positive
number. Sometimes the lowest gates are contaminated by the
receiver recovery effects and ground clutter. Thus the user
must provide a positive integer parameter to be the number of
the first power profile gates not to be used in the
balancing. This data guality dependent user input is here
denoted by MAR.

The lowest altitude contributing to the X-profile is
MEUXL. T/ (GAT+1) gates below the first pulse code gate and this
rmumber is usually greater than DAL. The first X-profile point
which can be used in the balancing has the result memory
address

XSTART=RES+MBUKL I/ (BAT+1) ~DAL+MAR 7.7



The address XSTART must be egual to or greater than RES.
This can always be arranged by selecting a suitable MAR
undepending how the sampling of the pulse codes and power
profiles have been done.

The address of the first power profile point which can
be used in the balancing is

FETART=FRES+MAR (7.8)
where FRES is the address of the first powerprofile

point.

The balancing is bkased on the target contribution and thus
the background must be subtracted both from the X-profile and
from the powerprofile.

The target contribution in the X-profile can now be
simul ated from the address X5TART to some address XSTART+kmax
but we need only the sum of the power of the target
contribution in this profile. This sum is denoted here by
SXSIMUL and obtained from

rHmeas PSTART+lma>

SXSIMUL = :> j> (DATA C(+XEU N ) ~FRACEGR)

C) l"F‘%TQHT (7.9)

The expectation value of the SXS5IMUL deviates from the
corresponding power sum for the measured target contribution
in the X-profile only by a constant. The sum of the X-profile
power SXFROF is obtained from

XETART+hmax

g

SXFROF = (DATA (k) ~MXBACKGR) (7 - 14)
k=X8TART

The number of X-profile points used in the balancing is
kmax. This parameter can elther be given as a user input so
that the balancing is limited only to the strong signals from
the E-laver peak swrounding or it may be computed to be the
maximam possible. The parameter kmay is elther depending on
the number of the available powerprofile points or on the
rumbrer of the available X-profile points. Usually the first
case is true. If the kmax is powerprofile limited, then the

value is
Flmes = FPNOSAMFLES/ (GAT+1) ~MAR-XSU (nmax ) XLL1/ (GAT+1)

{(7.11)
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If the kmax is X-profile limited, then its value is
XKkmax = SAM/(GAT+1) ~(XSTART-RES) (7.12)

The parameter kmax must necessarily be equal to or smaller
than smaller of the values of Fkmax and Xkmax.

An estimate for the constant (GAINFACTOR) can be obtained
from the power sums of these two profiles.

GAINFACTOR = SXSIMUL/SXFROF (7.173)

In these computations the mean values of the background
estimates have to be computed for the same effective gating
factor. The same number of channels added together in the
UMIFROG and FOWERFROFILE parts is not assumed.

The pulse coded chamnel can now be scaled to the same
scale as the powerprofile by multiplying the target
contribution part by the constant GAINFACT and the zero lag
i directly the powerprofile value at the same altitude as
the pulse coded gate. The gain calibration is obtained using
the calibration values {(background, noise injection) of the
power profile data. The final auwtocorrelation function
values FACF{(g.,i) are then

(7.14)
FACF (g, i) = DATA(FPETART+DAL+g-1) -FBACKGR 3i=0
FACF {(g,i) = GAINFACTORXCACF (g,1) si=1l,....LMA
and 58U=i

exists
=q=l'| wow g QMAR

Note that when the balancing is done in this way, the
noise injection value obtained from the power profile data
gives the necessary gain parameter for the decoded ACFs. The
noise injection of the pulse coded channel is not needed at
all. It is, however, always measured in the GEN-FROGRAMS
library programs to give a cross checking possibility.

I GEN-FROGRAMS the pulse code calibration is almost
always done by using powerprofile routine (see examples in
the appendixes) and one UNIFPROG routine call handles only
one data block. In this situation the formulation given above
is sufficient for the decoding computations. The situation
becomes much more complicated if two or more data blocks are
caomputed into & single UMIFROG matrix. Because this kind of
compromises in the computation are no more needed when using
the GEN-SYSTEM correlator programs, the general formulation
is not fully handled here. Large amount of EISCAT data,
however, exist basing on the old Universal Frogram routine
and in many experiments two or more datablocks were computed
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into a single UNIFROG matrix. In many cases the decoding is
done by writing a program which handles a single experiment
only and it is often done by using externally designed start
address tables for the pieces of UNIFROG matrix diagonals
recded in the decoding. Because the calibration philosophy in
those early experiments was not unigue (one had to do what
one could by using the Universal Frogram) a general
formulation is too complicated to be practical. It is,
however, helpful to have the formula 7.2 written into a more
advanced form.

Let us assume that the data computed by the UNIFROG
routine is & combination of three data blocks 1,2 and 3
havirig the number of samples DAT1, DATZ and DATI. So the
total number of samples is DATI+DATZ+DATIE. The expression for

the ADDR{g,i) for the datablock 2 is then the following:
(ZalS)

ADDR(g,i)=RES+((i+1)*DAT1+i*DAT3
+i XDATZ2-( (i—-1) ki /2+DSUCi ) ) ¥LI) /7 (GAT+1) +g-—-1

Mote that in the old Universal Frogram based data the
parameter GAT is always zero. The formula 7.15 is quite
general because the data blocks 1 and I can be combined data
blocks, too, or they can be empty. Mote also, that the
formula is valid for i=0 which gives the addressing of the
¥—profile points related to the data block 2.

If the data block 2 under consideration is eiher
background or noise injection data one can obtain
corresponding ACF estimate by putting DSU(iI)=0 and averaging
over all the available "gates" at every lag. The number of
points available in the average for a given lag i is

NOCALFO(L) = (DATE-ixLI)/(GAT+1) (7.16)

i=0,1,..0..MLA

Fimally it can be mentioned that in certain special cases
it is possible to design a special correlator program which
does the described decoding in real time. It is also possible
to design the measwring algorithm in the way that the power
profiles and pulse codes are in gain balance by alternating
the roles of the power profile and pulse code channels. A few
ready measwring algorithms using this principle exist in the
GEN-FROGRAMS library.



. DECODING OF FULSE TO FPULSE CORRELATION DATA COMFUTED

BY THE GEN-SYSTEM UNIFROG ROUTINE

Fulse to pulse correlation can be handled with almost the
same formalism as used for pulse codes. In a common situation
one has separate data and calibration parts, because it is
difficult to get clutter—-free sky noise and noise injection
estimates when transmitting and receiving & high repetition
rate pulse to pulse correlation oriented modulation. The
calibrations are only of the gain and offset voltage as in
pul se codes. The receiver impulse response function has only
amall spatial effects. It does not affect the results in the
frequency domain because the modulation and receiver
bandwidths are always very much larger than the target
bandwidth. Gain and offset calibrations can be arranged by
applying the powerprofile routine to suitable set of
calibration samples.

The system of the pulse to pulse correlation code can be
defined in the same way as the system of the pulse code. If
the code contains 9 pulses (suitable for 4 delays in the
estimate) transmitted at egual intervals, then the system of
the code is 1:lsl:l and the lag increment must be the number
of the samples in one receiving period after every
transmission. The parameter UNINOSAMFLES is the total number
of samples in the whole data vector, in this example five
times the number of samples taken during one receiving
period. One notices that in this example lag 2 appears in
three system sums (85U) each one having a different decoding
sum (DSW . In this situwation we denote DBU = DBU(L, k)., where
DEUGL k) takes the values arising from all the S85Urs having
the value i. One can index k from 1 to kmax (i), where kmeax (i)
is the number of different allowed combinations of the system
elements giving the same system sum i. This number is
dependent on the particular pulse to pulse correlation code.
In the above simple example, bkmax (2)=3% and DBU(Z, k) obtains
thus the values DSUZ, =0 , DSURE,2)=1 and DSU(Z,2)=2Z. When
defining the DSUL, k) in this way, one guarantees that the
88U=1 exists for every k = l,...kmax{i) and the formulation
becomes simplified. Thus the same range geate appears in three
places along the lag 2 diagonal in the UNIFROG matrix. In the
case of pulse codes this were an error in the code. In the
case of pulse to pulse correlation, it is allowed. The
formula given below follows the notations given above and is,
in fact, a relatively gerneral formula. It gives the target
autocorrelation function estimate FACF(g.1) normalized to
boscar weighting.
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kmas (8.1)
FACF (g,1) = DATA(RES+g—1+(DSULL, ) XLI) /(GAT+1) +DSTA) /kmax
k=1
where

i= 1,2,... LAGMAX and 58U=i exists for every k
g= 1,24...,LI/(GAT+1)
DETA= (1) K (UNINOSAMFLES-1i X (i+1) %LI/2) / (GAT+1)

Figure 8.1. shows schematically the pulse to pulse
correlation in terms of the UNIFROG matrix in & very simple
CAaBE.

The rules for gating and lag increment are in principal
the same as in case of the pulse codes.

The simple methods described above are not often effective
enough. The main limitation is that the simple UNIFROG based
data structw e demands usually too much memory space in pulse
to pulse correlation applications. The GEN-FROGRAMS library
contains pulse to pulse correlation programs with special
correlator programs written so that as much of the decoding
and data compression as possible is done already at the
correlator level. This is, in principle , done by programming
the correlator to compute the 55U and DSU parameters for a
given code and by programming then essentially the formula
8.1 into the correlator and limiting the computation only to
the matrix elements which are needed. Those programs demand
individual data handling procedure which is not handled
here.



Fig.

8.1.

UNIFROG matrix in pulse to pulse correlation. In
the example, lags O.l,....4 are computed. Five
rarige gates are handled. The enhanced points show
the elements belonging to the first range gate.
For details see the text.



7. THE LONG FULSE ALGORITHM IN THE GEN-SYSTEM

The LONGFULSE subroutine in the GEN-S5YSTEM library
differs from the earlier algorithms in a very essential way.
This routine, together with the routine used to compute the
calibration part in the program GEN-REMOTE, are the only
GEN-SYSTEM routines which really differ from the earlier
approaches to the incoherent scatter problem. The starting
point was to develope an algorithm which does not waste
information and which simultaneously has & well defined
spatial response. The information is fully utilized if, and
only if, every UNIFROG matrix element which can have
contribution from the target within the wanted range is
computed at least once. The spatial response of the algorithm
must be such that the resoclution is about the same at every
lag. It is also clear that at every lag the nominal middle
point of the volume must be at the same range and that the
spatial weighting function must be symmetric around this
middle point.

There are two possible solutions to the problem. The first
are is an algorithm, which has the same absolute volume
boundaries at every lag. The second possibility is to have
about the same number of crossproducts at every lag (it is
impossible to have exactly the same number of crossproducts
at every lag and at the same time have the volume middle
point at constant range). The first possibility was selected
for the BEN-SYSTEM long pulse algorithm because it is
statistically good and can be programmed in EISCAT using a
straighforward and fast algorithm. The second possibility,
although demanding less multiplications, is slower and
demands more program steps. In certain applications, however,
it can be better from the target ACF spatial filtering point
of view.

The selected algorithm has the following properties:

1) The absolute boundaries of the volume are the same at
every lag of the target ACF estimate.

2) The spatial resclution is programmable within the
limites dictated by the modulation.

Z) The statitistical significance of the estimate is of
the same order of magnitude at every lag, when using
practical parameters.

4) The spatial overlapping of the volumes has about the
same value at every lag, not however exactly the same,
because no such algorithm can exist for long pul se
modul ation. '



9) The resclution and overlapping are not independent

parameters but coupled together. These cannot be made
independent without violating the demand of making use
of all the possible information obtainable from the
target.

&) The algorithm is fast enough for most practical
applications.

The algorithm is schematically shown in the Fig. 9.1. The
elements of the UNIFROG matrix belonging to the same volume
are bounded by a polygon. All the elements of the same
diagonal within the polygon are added together. The figure
shows how the first two volumes are computed and it also
shows that some of the elements are used several times
in the computation and in the implemented algoritm they are,
in fact, recomputed each time they are used. Although
it is possible to develop an algorithm such that the
multiplications are not duplicated, the resulting program is
longer and , in fact, slower. The reason is that the
accumul ation has to be done twice in any case and it takes
exactly as much time as multiplication and accumulation. Thus
no saving is obtained but, instead, more overhead is needed.

From Fig. 9.1. one can also easily see the following
properties of the algorithm:

1) The parameters which fully define the computation are
the number of lags ( called MAXLAG in the GEN-SYSTEM
programs) and the number of elements added together in
the main diagonal (called VOLUMEINDEX in the GEN-SYSTEM
programs) . The only additional parameter needed is the
rnumber of gates (called NOGATES in the GEN-SYSTEM
programns) .

2) The first sample of the data vector is used only once
in connection with the computation of the longest delay
of the target ACF estimate for the first volume. This
has a consequence, that the middle point definition of
the first volume demands both the MAXLAG and
VOLUMEINDEX together with the instant, when the
sampling starts and it demands also the sampling
interval.

i
St

The gate separation is only a function of VOLUMEINDEX
and the sampling interval.

The spatial response of the algorithm is shown
schematically in Figure 9.2. and is explained below. First,
we show that the algorithm really has the same absolute
volume boundaries at every lag. The volume size is defined by
VOLUMEINDEX denoted by V. Assume that the first sample used
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GEN-SYSTEM longpul se algorithm. The example shows
the case when 4 volumes are computed with
parameters VOLUMEINDEX = 3 and MAXLAG = 5. The
elements along the same diagonal within the same
polygon are added together. Special marks used for
the elements of the first gate « which are also
used in the neighboring gates. For details see the
text.
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Fig.

£= sampling interval

T = pulse lenght (= 25%2)
Prista Jeng nominal range of fhe VOLUME 1

VOLUMEINDEX = 10
. MAXIMUM LAG=40 ' f—(\IOLunsluDexrt:?l)-':
] VOLUME1 VOLUMEL VOLUMES YOLUMEY
-
//T\\ // \
A N 7
7 | N /’
7/ N 7/
< // [ (N2
A ; Vv ){\
\ ] N
7 N\
N | 7
- 16 N " s
‘--—————__IJ-———---—--'--I"/ w 17
1/ \
e e - - P JE 1 SO S M A 7 4
___________ ,_/..1-..‘--_—-——4— N
A S Vi Al o = 2.5 e = /_’_:- = p g : N
g i 20 , \
1 Z. - ' | N
2 | 7] | | N
A g ; 0000 ; .
17,2,3,4 7, 6"*LQle/o:_/t,/erslw.rﬂ/t.ﬂ.’l.U.‘Ml.ﬂ.u.lltw‘l 'n'n L1 17y 1 0 oL | A 5
Y
| LowéR UPPER : RANGE
\ ABSOLUTE ABSOLUTE |
; BOUNDARY BOUNDARY !
| 1
e (T+ STEP+(VOLUMEINDEX-T)x£) X g ———

A
Assumed STEP RESPONSE ‘y“.-)
’ time

o
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practical in real experiments.



foar the Lfra lag estimate is Xm. The le&t crossproduct is
then Xm¥Xm and the last one X {m+V- 1)#X(m+v 1. The lowest
border of the volume is detined by the lowest border of the
illumination related to the sample Xm. The highest border of
the illumination is in similar way dictated by the highest
border of the illumination related to the sample X(m+V-1). In
every diagonal the spatial response is the same along the
diagonal and the ranges of the contributing volumes change
by the amount t¥c/2, where t is the sampling interval. At
every element Xn¥X(n+i) the lower border of the volume
contributing to the element is defined by the illumination
related to the sample X(n+i) and the upper border of the
volume in similar way by the sample Xn. At every lag i the
first elgment uwsed from the UNIFROG matrix is of the form
X{m—=i)¥Xm and thus the lower border defined by the sample Xm
ig the same as it is in the zero lag. The last element used
for the estimate is X{m+V- ])*X(m+v+1—1) and the upper border
is again the same as it is in the zero lag estimate. The
spatial response of all the other crossproducts used in the
estimate is such that both the lower and upper boundaries are
within the absolute boundaries of the volume.

The algorithm can be briefly defined as follows:

1) The volume size for a given long pulse is defined by
the VOLUMEINDEX which showc how many
neighboring elements Xm*Xm. X'm+1)*Xﬁm+1) .o
X{m+V-1) ¥ X {m+V-1) are summed together to obtain the
rero lag estimate.

) Im all the other lags, each crossproduct used in
the summation contains some of the samples Xm,
Xim+1), ...y X{m+V) as a multiplicant.

3 Every element of the UNIFROG matrix having spatial
contribution within the lowest border of the first
possible volume and the upper border of the last
volume is used at least once and the elements of the
main diagonal are never used twice.

The rules given above describe the principles of
the algorithm. The algorithm is formally described by:

Vi
Algei)= X(M+g*V~i+k)*X%M+g*V+k) (9.1)
k=1
Alg,i)= the ith lag of the target ACF estimate for the
gth gate
M = MAXLAG , the index of the maximum

delay to be computed
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v = VOLLUMEINDEX, which is the number of points
added together along the main diagonal to
to obtain the ACF estimate at zero lag

u] = gate index O,1,.....NOGATES-1

i = lag index Oy ly.e. MAXLAG

The number of UNIFROG matrix elements used for a given lag
i iss

o= Vi where (F.2)
N is the number of elements,
vV  is the VOLUMEINDEX, and
i ié the lag index.

The target contribution for a single element of the
UNIFROG matrix is directly proportional to P given below if
the modulation is a simple long pulse.

Fo= (T—-i%t) ,where (9.3)
T is the total length of the pulse, and

t is the sampling interwval

The total contribution from a target volume at a lag i is
proportional to

B o= MNYF = (V+i)%(T-ikt) = tX(V+i)¥(T/t-1i), (9.4)

which is a downwards opening parabola in B,i coordinate
system.

It is practical to normalize the parameter B to unity at
zero lag.

W= ESVET) . or using earlier notation (9.3)
Wiy = CE/VETYRAVHL) X (T /e~ )= (1+i /M) ¥ {1—-i%t/T)

The parameter W(i) is the weighting factor appearing in
the long pulse data handled by GEN-SYSTEM algorithm. Figure
9.%. shows an example with certain computing parameters.The
target autocorrelation function is finally obtained as
follows:
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Fig. 9.3. Example on weighting factor, standard deviation,
resolution and overlapping in the GEN-SYSTEM
longpulse algorithm. The computing parameters are
the same as used in the Fig. 92.2. For details see
the text.
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af{cy,i) ( Alg.i) — B /WD) ,where (9.64)

H

alg,i) = a final target ACF estimate at the lag i
for the range gate g

Aig.i) = the direct correlator output at the lag
i for the gate g

5(1) = mean value of the sky noise estimate

Wi) = the weighting factor described above

Mote that the obtained autocorrelation function estimate
still has the receiver filtering effects included. Thus the
effects of the receiver transfer function has to be taken
into account in the final analysis. The methods can be
identical to those used sarlier in the EISCAT data analvysis.

The information given above is sufficient to analyze the
long pulse data measuwred using the GEN-SYSTEM long pulse
algorithm. However, it does not describe the details of the
gpatial weighting factor. For any lag i, at a polygon formed
by cutting away the top from a triangle whose base extends
from the absolute lowest boundary to the absolute highest
bhoundary. The weighting factor W) is directly proportional
to the area of the weighting function polygon.

Fig. 9.2. illustrates the details of the weighting
function. The staircase behaviouwr is for the case when the
receiver bandwidth is very high. The straight line, on the
other hand, closely approdximates the case when the sampling
interval is matched with the receiver bandwidth. It has to be
remembered that the spatial weighting function is never
erxactly as clean as shown. However, it is & valid
approdimation if the step response function of the receiver
system is well behaved. Some warning has to be given if the
highest possible lags are computed. In such a case, the exact
hehaviow of the receiver step response has to be considered
when estimating the spatial weighting and the exact value of
the weighting factor.

The spatial weighting function must be symmetric and it
ig, as can be sesn. However, at this point the distance
factor effects within the volume are not taken into account.
The distance factor deformation of the volume does not
distort the target ACF estimate if at every lag the spatial
weighting function is the same. It is, however, impossible to
have an algorithm having exactly the weighting function at
every lag in case of long pulse modulation. The GEN-8YSTEM
weighting function is a rather well behaving one and it is
propably relatively sate to assume that the differences in
the weighting function shape do not cause severe distortions.
I the weighting function is too different at different lags,
then the distance factor weighting withing the volume causes
the target auwtocorrelation function estimate to have a
different nominal altitude at different lags. The reason for
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this is that the dimension of the volume is usally not small
compared with the range to the nominal middle point of the
valume. This is relatively easy to show and not handled here
in more detail. It can be mentioned that the GEN-S5YSTEM
spatial weighting function is much better behaved than the
weighting function of the algorithm used earlier, where often
the total dimension of the volume changes by more than one
order of magnitude and the absolute weighting factor
sometimes by three orders of magnitude within the delays of
the ACF estimate. The BGEN-SYSTEM volume has constant
boundaries and in practical cases the weighting factor is the
same within factor of 1.3-3. Also the spatial weighting
function is not very different at different lags.

The weighting factor ( the area under the spatial
weighting function) as a function of lag is a parabola ,
which maximises at the delay, when the spatial weighting
function obtains a form of a triangle or almost a triangle.
The dimension of the volume along the beam is

D = (T+L¥V+8TEF) ¥c/2 ,where (2.7)

the dimension of the volume along the beam,
the pulse length, and

the sampling frequency

the VOLUMEINDEX

TEF = the receiver step response time
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i

D
T
ik
Y
5

The lowest boundary of the volume is at a position

L o= (d=-8TEF)¥c/2-T¥c/2 = (d-8STEF-T)¥c/2 (9.8)
L = the range to the lowest border of the first
volume

d = gsampling delay from the leading edge of the
pulse to the first sample used in the zero
lag computation of the first gate.

The middle point of the volume is at position

R o= L+D/2 .where (2.9)
K = the nominal range of the volume

Because the algorithm can not use the first elements of
the UNIFROG matrix for the zero lag computation of the first
gate, but skips over the same number of points as the ma:imum
lag (MAXLAG) , the first sample has to be taken at delay

T
i

-t ¥kMAXILLAG (F.10)

F = the delay to the first sample



This gives the necessary information to calculate the
instant of start sampling for a given nominal range of the
first gate. Note that the formula given above do not take
into account the distance factor changes within the volume.

The range separation between the gates is simply

S

i

Vit ke /2 (?.11)

3

i

the range difference betweern the nominal middle
paoints of the gates.

The properties of the spatial weighting function affect
also two important parameters, the "overlapping” of the gates
and the spatial filtering properties of the
modul ation—-algorithm combination.

The overlapping is here defined as correlation of the
results between the neighboring gates. This definition
differs from the one used earlier in EISCAT. The
"overlapping" defined in those algorithms is only the
percentage of the common input data samples used in two
neighboring gates and the "gate" is defined by truncating the
sampled data vector into "blocks", where the block size is
usually the same as the pulse length divided by the sampling
interval. Note that practically everything is "wrong" in this
ald way:

1) The "gate" is not a well behaving gate in space as
shown earlier.

2) The overlapping does not define the real
overlapping of the volumes. It is instead a heavy
function of the lag, being very high at zero lag and
always going to zero at the longest possible lag.

3) Finally the habit to define the "data block” in the
given way to define a gate does not have any other
reasons but the historical ones.

In the GEN-SYSTEM the overlapping is defined in the
following way. At any lag the spatial weighting functions
cover a common part invariably. It is, in fact, impossible to
detine a reasonable algorithm were the neighboring gates do
not have a common volume. The ratio of the common part to the
total volume is defined as overlapping. The definition does
not take into account the dimension of the common part, it
only counts the percentage of the contribution arising from
the common volume relative to the total sigrnal at a given
lag. The overlapping is & function of lag but not too
heavily. The overlapping factor has a minimum at the same lag



where the weighting factor has the maximum. Around the
overlapping minimum & rather accurate expression is
relatively easily defined. The overlapping minimum, spatial
resolution maximum and the weighting factor maximum occur for
the lag index

i = NINT((T/t-V)/2) , T/t =V, (.12
io= 0 s T7L &£ W
MNINT defines a function "nearest integer"

For that value of i the overlapping 6 in percent is quite
accurately

G o= 100X ((V/2+1)XT/8) /A CVHD) X(TAE+V))) (9.1735)

At all the other lags the overlapping factor is higher
but mot usually by essential amounts.

The overlapping shows the independence of the estimates
related to different volumes. It is clear that if the volumes
have a large common part, the results must necessarily
correlate. This correlation is not, however, a measure of the
correlation of errors. In fact the parameter called
overlapping does not say very much about the quality of the
data. The only thing it says that if the overlapping is very
high, say around 70 %, then necessarily the results cannot
differ very much from gate to gate and if they differ, then
the guestion may be about the inaccuracies in the measuwrement
- the difference is often difficult to justify from empirical
point of view. High overlapping is not an indication of
badly designed algorithm. The GEN-SYSTEM longpulse routine
is such that if one computes the ACF estimate in the way that
the spatial resolution is only slightly worse than the
maximum theoretical resolution obtainable with the modulation
( it.e. small value in the VOLUMEINDEX) then necessarily the
overlapping factor becomes high. This arises from the demand
to use all the possible information. In many cases this is
exactly the right choice of the parameters, especially if one
studies phenomena below the F-layer peak. High overlapping is
not economical from computation time point of view and some
care is needed.

In the older systems one reason for defining the
overlapping was to save information, because high overlapping
caused that greater amount of UNIFORG matrix elements were
conputed. In the GEN-8YSTEM this is not the case. The
algorithm uses always all the available information. The
resolution and gate separation are the primary parameters the
user has to consider and depend on the application of the
edperiment. The overlapping is an "auwtomatic byproduct”,
which necessarily enters into the data at some level.



The overlapping defines some kind of "spatial correlation”
af the results betwesen two or even more neighboring gates.
The correlation of errors must, however, be handled in
different way. The correlation of errors within a single ACF
estimate between different lags arises if the data is
oversampled by essential amounts. This is a well known fact
and handled in litterature in all details. Another type of
correlation between errors is inherent in the diffuse target
radar analysis and appears in several algorithms. It arises
from the fact that the same UNIFROG matrix elements are used
in ACF estimates for different gates. By assuming that the
original samples in the data are "relatively independent”
thise last kind of correlation is easily handled in the GEN-
SYSTEM programs. The correlation of errors between two
neighboring gates is simply the number of common elements
divided by the total number of elements used in estimating
the given lag.

C = i/(V+i) , where {7.14)

C is the correlation of errors between two
neighboring gates at lag i.

It can be seen that in the GEN-S5YSTEM programs the
estimates at lag zero are statistically independent
undepending on the overlapping assuming that the individual
datapoints are relatively independent. At long delays of the
ACF estimate the errors start to correlate heavily. The
behaviow of these parameters is shown schematically in the
Fig. 2.3%. given earlier.

The result given above has the consequence, that if the
VOLUMEINDEX is small, then there is high "spatial
correlation” because of high overlapping and at the same time
at long delays there is high correlation of errors, too. This
means that in the analysis both the parameters and the errors
correlate and thus the appearance of & similar pecualirity
in two or more neighboring gates does not necessarily prove
that the peculiarity is really a physical fact.

When considering the response of the long pulse
modulation, one of the most important points is the filtering
properties of the modulation—-algorithm combination. There are
two kinds of filtering one has to take into account. The
target ACF is formed necessarily by using signal, which has
passed through the receiver system. Thus the original time
series is filtered and this filtering is not dependent on the
algorithm used in the computations. It has to be taken into
account in the final analysis and in the GEN-SYSBTEM analvysis
it appears exactly in the same way as in all the other
methods. The other form of filtering is spatial in natuwre and
its effects are perhaps not alwavs remembered. The function,
which ie filtered is the "lag profile’. The lag profile
describes the behaviow of a given delay of the target ACF as
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a function of range along the beam of the radar. It is a
function of normalized target ACF, cross section, distance
factor and the receiver syvstem transfer function. The lag
profile as seen by the radar is necessarily filtered
spatially in the way how the modulation filters it. The least
filtered lag profiles appear as diagonals in the UNIFROG
matirix., Every diagonal is & lag profile having only the
gspatial filtering, which necessarily arises from the
modulation. This spatial filtering is generally a function of
lag. In case of the long pulse modulation the elements in the
diagonals of the UNIFROG matrix represent the mean values of
the lag profiles and the mean value is spatially taken over a
valume having along the beam dimension

8 = (T—-i¥t)xc/2 {(9.15)

This represent a boxcar weighting over the volume defined
by 5. The receiver effects to the spatial filtering can be
taken into account by applying the reveiver step response
function to the pulse of duwration T-ikt. The resulting
weighting function is no more exactly a boxcar function but
somewhat distorted. The same result can be obtained by
applying the step response function to the original
modulation pattern. The modified pattern forms then the
"effective illumination pattern".

When elements of the UNIPROG diagonals are added together
in order to get suwitable spatial response, the filtering
becomes more effective. Finally the spatial filtering is &
weighted mean of the lag profile over the volume and the
weighting function has the form . which was shown earlier and
called the "spatial weighting function”. In GEN=8YSTEM
algorithm this is to a good approximation "a triangle without
the top". Thus the final estimates of the target ACF are
formed from spatially low pass filtered lag profiles and the
filter characteristics are generally different at different
lags.

Im the analysis the obtained ACF is cormmected to a certain
altitude, the nominal altitude of the gate. This is exactly
right if, and only if, at every used delay of the ACF the
weighted mearn value of the corresponding lag profile obtains
the true value of the lag profile at the nominal altitude of
the gate. This is valid at least in the following cases:

1Y The lag profile is constant within the volume
2y The lag profile is only a linear function of range
E) The lag profile is an odd function of range around the

nominal middle point of the volume.

The three conditions given above are not exactly
necessary. None of the conditions is in realistic case
exactly valid. In practice one has to work hoping that the
condition 2 is valid to a needed acouracy.
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I it happens, that the given conditions are valid for the
lag profiles constructed from the normalized target ACF but
they are not valid for the true lag profiles, which have also
the distance factor and cross section dendence, then in cases
that the spatial weighting function is not too different at
different delavs, the obtained ACF i1s still a correct target
ACF within the volume but not exactly at the nominal a&ltitude
of the gate. This kind of situation may easily arise at short
ranges and in casze of heavy electron density gradients within
the volume.

Some care i alwave needed when working with a long pul se
The rnew possibilities given in the GEN-SYSTEM allow higher
spatial resolution with fully utilized information. This
possibility should be used when needed . In some cases
relatively short long pulases, 150 250 us  for example
in conmection with small YOLUMEINDEX can open new
possibilities because of much better resoclution than in
earlier methods. On the other hand , if high resolution is
not needed - 1t should not be used.

The total rnumber of samples needed for N gates with a
given  VOLUMEINDEX and MAXLAG is

MOSAMPLES = NAVOLUMEINDEX + ZX¥LAGMAX . where (9.1&)
M ois the number of gates

MOSAMFLES is the number of samples needed in the
irnput data vector.

I+ possible, the calibrations should be arranged with &
separate subroutine call in oarder to aveoid garbage ACFs in
the data. This iz not always possible.

EXAaMPFLE: MAXLAG is 19, VOLUMEINMDEX is 10 and the number of
clean gates for signal is to be 20, for sky noise is to be 5,
and for nodse injection gates is to be 2. How mary gates
must be computed? How many garbage getes appear? How many
samples are needed sto. It is assumed that no possibility to
arirange an individual subrouwtine call for b calibration
gates exist and thus the data vector has to be handled as

sirgle bBlaook.
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the three different data types {(signal., sky, noise injection)
then only 27 gates appear and the result memory need is 4340,
Mote also that in this last case one can also arrange the
order of output data blocks as one wants by defining RESENTRY
points in switable way. This possibility is also faster from
computational point of view.

In many of the GEN-SYSTEM programs more than one set of
parameters can be defined and thus two or three diftferent
long pulses are possible in the same pattern. This is useful
in some very long range applications and can be useful also
i some VHF applications.

Tt is not necessary to have different modulation in order
to uwtilire the possibility of different control parameteres.
In fact it is sometimes practical to divide the range in two
ar three blocks and compute them with different parameters
evern if the illuminaticn of the target is done with the same
modulation. One application is in the UHF very long range
measurements. One can measure in the short ranges all the
parameters with relatively high spatial resclution but in the
long range part decrease the rescolution and number of lags
and measure only doppler. In VHF system some opposite
behaviow may be useful. One can measwre the odygen dominated
part with one set of control parameters and the the upper
part having helium and hyvdrogen contribution with another
set of parameters. In the latter case one needs more lags
because of the demand of more complicated analvyvsis. Note also
that the same illumination can be received by two or more
charmmels having different receiver parameters. The
calibration philosophy differs a little in that kind of
applications because usually only one set of control
parameters can be calibrated directly. The other set must be
harndled in & little more complicated way by modifving the shky
noise estimate to match the used paramsters. This is done by
defining a set of weighting factors for the calibration data
and it is & relatively straightforward task.

The last comment on the subroutine LONMGFULSE is related to
the computing time which depends on the parameters. In
practical cases, the multiplication rate is between 2.5 ard
4.5 MHz. The higher the VOLUMEIMNDEX the faster the algorithm
is. Approdimate time needed to compute a gate is:

Toz 0 (V-1 K M2 4P M1 24 M2 %0, 2 . where  (9.17)

T is the computing time per gate in microseconds
Vois MOLUMEINMDEX
M ois MOXLAG

I the earlier example with V=10, M=153, the computing
time is thus guite exactly &7.2 us. Thus 32 gates take
DENET L E=R2217.6 us. Thus it camn be seen that with the given
parameters the mean multiplication rate is &7.2/280 =
4. 14680 .. MHz. (280 is the rumber of UNIFROG matrix elements



per gate using the given parameters). The formula given above
does not take into account all the overhead needed in the
program, however, the amount by which it underestimates the
time can be corrected by adding 5 us per subroutine call. The
erxample given above is gquite practical. If the sampling
interval is 159 us, the gate separation is 22.% km. The 20
gates cover 427.53 km in range, for example 200 - &427.5 km.
The GEN-SYSTEM can compute four such datablocks in 8888 us
and thus within guite usual 10 ms repetition period one could
compute easily quite many powerprofiles, too. The GEN-SYSTEM
long pulse routine can be considered fast enough.

The GEN-SYSTEM long pulse part is much more advanced than
the corresponding part in any other existing method. To what
extent this flexibility is going to be used and what are the
real benefits obtainable are seen in the future.



10. THE ALGORITHM GEN-REMOTE

The remote station algorithm, GEN-REMOTE, has been
developed to carry out the real time computations at remote
sites when the volume is illuminated by & long pulse. It
cannot handle any other modulations. In applications where
the modulation pattern does not consist of long pulse, the
remote station computations can be handled by the UNIFROG
part of some other GEN-SYSTEM program. This very special
situation is not handled in this report because it does not
appear in general purpose algorithms.

The GEN-REMOTE &lgorithm has four parts:

1) -~timing check based on powerprofile computation or
2 =timing check based on ACF computation

= -signal ACF

4) —background and noise injection calibration

ACF (boxcar weighted)

The timing check is done by computing either a power
profile or a set of overlapping ACFs (signal ACF algorithm)
from the sampled data expected to contain the signal. The
sampling can be commanded to start before the leading edge of
the pulse illuminates the volume and it uswually ends some
time after the trailing edge has left the volume. Thus the
data appears to have three different parts, separated by
short transition intervals:

1) —gamples before the illumination
2) ~gamples during the illumination
2 —gamples after the illumination

In the powerprofile based timing check it is assumed that
the number of samples which do not contain signal (o
contain signal only from partly illuminated volume) is
sampled to be the same both before and after the
cillumination. This number of samples is called MARGIN in the
GEN-REMOTE. The number of samples taken during the
illumination is called SIGSAMFLES. The power profile is
computed over MARGIN + SIGSAMFLES + MARGIN points and after
that the address counter returns to point to the first sample
in the part of the data where the illumination is total. In
the next phase an autocorrelation function estimate is
computed with triangular weighting and the number of samples
is "BIGBAMFLES" and the maximum lag is given in the AFR

register named "MAXLAG". Thus one does not have to compute
" all the possible lags. This part of the algorithm is very
similar to the earlier ones. After computing the signal ACF
the algorithm handles the calibration data in the way
described later.
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If one uses ACF based timing check (as done in the
srograms belonging to the GENM-FROGRAMS library) one
defines the number of gates to be computed to be greater
than one and gate overlapping in the sample space by MARGIN.
In this application the parameter MARGIN has to be a negative
number . One has to sample the data in the way that one of
the computed gates uses signals when the remote station
volume is fully illuminated.

Orne cannot sasily use both powerprofile and ACF based
timing simaltaneously.

After the timing check and signal ACF computation the
algorithm computes the calibration ACF:s.

Im the beameidth limited case, the algorithm used to
compute the sigrnal ACF is the only reasonable one. One cannot
tind any way to improve the measwrement by new computatiornal
algorithms. The only way to get some improvement is to
increase the acowacy of the background estimate. This cannot
be done effectively by using the same algorithm as used in
the computation of the signal ACF because that algorithm
necessarily leaves part of the UNIFROG elements
urisec ., GEM-FREMOTE  has been programmed to have a
calibration part which computes the ACF estimate by using
hoxcar weighting. The madimum lag is the same as in the
signal ACF, but the number of crossproducts added together at
a given delay is a programmable parameter called
CALNOFRODUCTS. The number of the calibration ACF gates is
also a programmable parameter CALMOGATES.

The whole algorithm is shown on the UNIPROG diagonals in
Fig. 10.1& and 1001k, The ACF esstimates used in the
calibration part are totally independent without a single
comnmon element. It is oftern encough to compute two sky nolse
estimates and one nolise injection estimate.

fAs in &ll the other GEN-SYSTEM programs, different
recelver channels can elther be added together or left
separate. Altogether, two independent control parameter sets
can be handled. Thus only two different pulsslengths can be
received but the number of pulses of a given length is not
limited. The subroutine calls CALL REMOTEL or CALL REMOTEZ do
the caloculaticons shown above: including the calibarations.

MAlseo avallable in the GEN-REMOTE package is the subroutine
call, CALL ITMPULSE. This causes only the calibration part to
e computed using the parameters CALNOPRODUCTS, MAXLAG and
CALMOGATES to comtrol the computation. This algorithm is not
sultable for any applications with illuminated target.

Simul tansous use of subroutine calls REMOTEL or REMOTEZ and
IMFULSE is difficult because the routine IMPULSBE uses some of
the temporary storages of REMOTE as control registers. The
subroutine IMPULSE is a very powerful way to compute the
estimate needed for the impulse response function
determination and is used at all sites in the calibration

Fr G ST
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10. 1a.

The algorithm GEN-REMOTE shown schematically using
the UNIFROG matrix in the mode using the power
profile mode of timing check. The parameters are the
following in the example: MARGIN=Z, SIGSAMPLES=I,
MAXLAG = 3, CALNOFRODUCTS = &, CALNOGATES =3. For
details see the text. In the correlator the order
is: TIMING CHECEK, SIGNAL GATE, CALLl, CALZ, CALZ.
The order of the lags in the autocorrelation
function estimates is from O to MAXLAG. Note the
different weighting factors in the SIGNAL GATE and
the CAL gates.
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As Fig. 10.1a bun now GEN-REMOTE is commanded into
the mode having autocorrelation functions for the
timing check. The parameters are the following in

the example: Number of signal gates=3 (this is loaded
in the subroutine call), MARGIN=-2, SIGSAMFLES=3I,
MAXLAG = =, CALNOFRODUCTS = 6, CALNOGATES =3. For
details see the text. In the correlator the order

is: TIMING GATE, SIGNAL GATE, TIMING GATE, CALl, CALZ,
and CALZ.
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The GEN-SYSTEM correlator master program GEN-REMOTE can be
used in several different modes and all possibilities cannot
be handled here. The detailed information is given in the
comment part of the file GEN-REMOTE:CLAN. (See Appendix 1).

The algorithms used in the GEN-REMOTE can be expressed
with the following formulae. The powerprofile timing check is
simply

»
Fei) = XU ¥X{i) , i = s,8+l,u..,5+2%M+E (10.1)
M = MARGIN
5 = HIGEAMFLES

X is the first sample of the channel
i.e. 8 is the start address of the data
The signal ACF estimate is computed by:
s+M+§-1-n

SACF (j)= X O KXkt 3) L 5=0,1,...,6 and (10,2

k=g +M
SACF (1) is the ACF estimate at lag(j)
G is the maximum lag MAXLAG
Finally the calibration gates are computed from the
farmula:
i+2AM+S+C-1+g (C+E) +5
CACF (j)= X(k)*X*(k+j) s J=0,1,...,08 (10,3
b= 2% M4+S5+g (C+E) +s
and CACF(j) is the calibration ACF estimate at

lagf(i),
C = CALMOFRODUCTS

g = the index of the calibration gate,
g=0, 1..CALMOGATES~1
s = the start address of the data

The subroutine IMPULSE computes as shown in 10.3 but the
parameters M and 8 are zero.

In practice the GEN-REMOTE structure makes possible to
fully wtilize &ll the long pulses transmitted for the
monostatic puwposes regardless of how many such pulses exist.
At the same time it is possible to sample the background or
noise injection a&ll the time when it is possible and compute
almost all the relevant crossproducts from the data.
Especially at long delays and with relatively short long
pulses, the obtained background estimate mayv be more than one
arder of magnitude more accurate than in the earliesr



algorithms. In practical applications the experiment can be
arvranged sa that in commonly used 10 second dump the
Background estimate obtaines the acouracy of 0.1% or better.
The data dumps also become short. I channel addition is
utilired, & normal datedump is of the order 100-150 complex
words. More specifically it is, using powerprofile timing,

Do Z2¥MESG L+ (KT R G- (10,40
O
D o= Z¥M+S+ (LA ¥ G+

D o= the number of output points per channel
Eoo= o othe number of sky nolise gates
Jo= othe number of noise injection gates

¢ kE+J o= CALGATES)

The orly drawback of having different weighting for the
calibrations and signal gaete is that certain manipulations
Mave to bhe made before subtracting the sky nolse estimate
From the signal gate.

I all the sky noise getes are added together, then the
ACF sstimate containing only the scatter contribution is
cbvtadned froms

ACF () = SACF (1) ~DACK (i) % (50 7/ (CKE) , d=0,1,...,6 (10.5)

ACF Oy is the ACF of the scattered signal
Mote that the formula 1005 gives the sigrnal ACF with a
triangular weighting factor. The ADF with boscar weighting is
gyt adned from

TACF 4y = AlF i)y /A 08-3) o where {10, &)

TACF (i) is the signal ACF estimate with the same
weighting factor at every lag.

Mote that after the receiver impulse response function
correction TACF (Y ds the true target ACF.

Whern using the GEM-REMOTE in system calibration mode
(CALL ITMPULSE calls onlyy, the ALF estimates are
bocar welghted. T4 the number of lags is high enough,
ared the sampling i frome fr aliasing, then the fouwiear
transform gives directly the system transfer funotiaon.

The algorithm GEMN-REMOTE is rather fast. t of the
ime is used to compute the calibration part in & practical
g il T

iment. The time needed for a single calibration gate is




— &y

approximately given by
D o= (CERG+Z)+3)%0.2 . wWhere (10.7)

D = the compulting time per calibration gate in
microseconds.

C CALNOFRODUCTS

G MEXL.AG
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The program GEN-REMOTE is an essential part of the
GEN-SYSTEM. Its applicability to multichannel applications
and possibility for two different long pulses makes the use
of a special pulse for the remote stations unneccessary. The
benefits obtained in the use of the transmitter duty cycle
are considerable. The possibility for a very compressed data
output block causes considerable savings if effectively used.

EXAMFLE: The intersection volume is illuminated by a

FE0 us pulse.

Orie wants to make use of 300 us of the illumination. The
gampling interval is 10 us. The filter delay is 21 us. The
wanted MARGIN is 19 samples. The pulse is transmitted at
instant 100. The user wants to start sampling at 100 (in the
remote station TARLAM file). The maximum lag is 20. The user
warts to have two sky noise geates and one noise injection
gate with matimally good statistics. The pulse repetition
pericd is 10 ms. What is the pratical solution?. What is the
computing time needed for that channel?

SOLUTION: One leaves 25 us unused both in the beginning and
at the end of the illumination. The leading edge of the pulse
arrives at the middle point of the volume at instant 100. The
first signal sample is wanted at 125 and to that one has to
add Filter delay 21 us . Thus the first signal sample has to
be taken at 1446. One wanted to have 15 sample margin. Thus
the real start sampling command has to be at an 146-15%10=41.
The TLAN file start sampling is given at 100, Thus the
OFFSET-FFD givern in the ELAM file must be —104. The total
rnumber of samples related to the illumination is 15+31+15.
Thus orne has to give chanmel off command at 100 + &1%10 -
10/2 = 705 in order to guarantee the right rumber of samples.

Before starting the sky noise samples one has to wait long
enough s that the illumination has also passed through the
neasr sidelobes. This time depends slightly on the geometry of
the edsperiment. Here we assume that 300 us gap is enough.
Turming on the noise injection demands about 100 us and at
the end one usually needs some extra time also. We reserve
ancther 100 us. One can thus start the sky noise sampling at
1205 and for calibration type sampling one has
100001 205-100-100=8795 us available. Thus the mastimum number
of samples one can take with this timing is 880 for sky noise
and noise injection. The nearest number . which can be
divided by T is 879 and the division gives 293 samples. The
number of samples needed for & single calibration gate is



CALNMOFRODUCTS+MAXLAG and thus CALMOFRODUCTS is 273, The
computing time for a single sky noise gate is

(27T 20+T)+5) %0, 2=1256.8 and  &ll the 3 gates demand about
IT70 us. One could, in fact, compute two channels with these
parameters in 10 ms. The computing time is not a problem and
ouw single charmmel solution works in every respect. One has
to sample Z2X2PE=TE6 sky nolse samples and 297 noise injection
samples for the parameters given. Altogether 240 samples are
takern and 145 result memory points used.

The repetition frequency is 100 Hz. One 10 s cycle has
thus in practice a little less than 1000 receiving periods.
The sky noise estimate at every delay is based on about
ID00FE7ERE estimates of the delaved product. This is 346000
and because the experiment in fact can be carried out at two
channels with the given parameters the background acouwracy of
O.1% can be obtained at every lag in the boxcar weighted shky
nol se estimate.
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11. FRINCIFLES OF MEASURING ALGORITHMS WRITTEN USING
GEN-SYSTEM

The purpose of this report is not to give a comprehensive
description of GEN-FROGRAM library or a detailed programming
description. The general principles are described only and
two examples given in the appendixes. When more edperience is
obtained with the programs and the program library is more
thoroughly tested, then a report related to measuring
algorithms will be published.

The measuring programs uwsed at EISCAT in 1984 and before
did not always make efficient use of the transmitter duty
cycle. Those programs containing no high resolution E-1ayer
part usually consist of three modulations; a power profile
pulse, a monostatic long pulse, and a remote station pulse.
The RF duty cyecle is divided so that the remote station pulse
takes about 70% and the monostatic part about 20% on the
avallable RF power. This kind of approach is used in CP-Z and
CF-2. The programs containing & high resclution low altitude
part have 2 lomg pulses for remote station use, one of which
is used for monostatic purposes, two pulse coded channels,
and two different power profiles. About &0 percent of the RF
dutveyele is transmitted for monostatic purposes and the rest
for the remote sites. The monostatic part usually contains
many gaps and thus only about &0% of beam on time is wtilized
charing transmission. ALl the versions of the CF-1, the field
aligned commorn mode experiment have been roughly as described
abrove.

Some special programs like EFOR and ESLA series of
programs developed by the author in 1982-83 can carry out the
high resolution E-laver part much more effectively than any
af the general puwrpose programs but do not contain a
monostatic F-laver part. In those programs about 20-50% of
the power is transmitted for the remote station purposes
only. These programs are based on the original Universal
program principle and it is very difficult to program other
than high resclution part for the monostatic mode.

The GEM-SYSBTEM is developed to allow effective general
purpose programs to be written. The high resolution part can
be programmed to be as good or better than in the earlier
Universal program based special programs, the monostatic
F-laver part can be programmed to be much bhetter tham in any
of the earlier programs, and the remote station part as good
or better tham in the earlier developed programs. This is
achieved by faollowing the principles listed below:
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1) -the part of the RF duty cycle needed for
the remote sites is divided into several long
pulses all of which are utilized for the
monostatic measwement. Thus the pulse length
is selected to fit the monostatic measurement
arid the same pulse length is repeated as many
times as necessary to achieve good statistics
at the remote sites. In this way, 10074 of the
RF duty cycle can be used for monostatic
measurements.

22 =the high rescolution E-~-laver part is written so
that the gaps existing in the pattern are as
few as possible. This usually demands 4
pul se-caded chamnels if the modulation is not
phase-coded and 2 charmnels if it is. Two power
profile channels with similar resolution are
included to fill the gaps in the pulse coded
pattern. Alternatively a separate powerprofile
group (usually 4 pulses) is transmitted having
the same spatial response as the pulsecodes
sharing the same channel as the pulsecode.

) -together with the E-laver power profiles, separate
F-layer power profiles with coarser resclution
are included. The E-laver powerprofiles
share the channel with pulsecodes
ar with F-layer powerprofiles.

4 =it the memories and the computation time allow,
the high resolution part is oversampled and &
few of the resulting heavily overlapping gates
are added together using the "gating "
described sarlier.

5 —phase coding is used in the high resclution
part if the measwing problem can be more
effectively solved in this way.

&) —calibrations are done effectively

72 ~the recelver parameters are carefully
considered.

&) -the available tramnsmitter duty cyveocle is

fully used.

The examples found in the appendixes show the programming
philopsophy and also how the GEN-BYSTEM correlator programs
are used. The first example resembles CP-3 and the second
erample resembles CF-1. There are many other programs in the
GEM-FROGRAMS library witten along the same lines but
having a little different bias in the optimization.
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The program GEN-3 is a "CP-3 looking" experiment. It does
not have as wide a range coverage as CP-3. Experiments having
wider coverage cannot be optimized as well as GEN-G. The
general structure of the BEN-I transmitter pattern is shown
below

TL—group 1 | TX—group 2

FO . 2 O PIA no TX

Flo ™™ e no TX

F2 no TX e SUNPRR
FZ no TX T o S
A T ST T . PR
FO e e e e
F& e i L

F7 -

The long pulses are of duration 380 us and the power
profile pulses 70 us. The interval between TX-groups is 8777
wus and the total repetition period is 172856 us. A gap of & us
is left between every pulse for the settling time of the
exiter. Delay between BEAMON and RFON is 50 us. The BEAM ON
duty cycle is 12.08% and the RF duty cycle 11.36%Z. The
sampling interval is 14 us on all channels and 25 kHz lingar
phase filters are used in the library version. The filter
characteristics must be determined externally by using a
suitable version of the GEN-CAL program.

The first gate of the power profiles is at 76.9 km range.
The gating factor is 4 and thus the gates are at 10.3 km
intervals. The spatial resolution is also 10.9 ko measuwred at
7EY contribution level. &ltogether 30 power profile gates are
measured and thus the last gate is at a range of 381.0 km.

The first long pulse gate is centered at 200 km range. The
parameter VOLUMEINDEX is 13 and MAXLAG is 13. Thus the long
pulse gate separation at nominal middle points is 21.5 km. The
number of gates is 25 and thus the last gate is centered at
FEE km o range.

The peak to peak resolution of the long pulse gate is about
84,0 km. The 794 level rescolution at most lags is less than
42 km.

The maximum lag is 210 us and 146 lags are computed with a
lag increment of 14 us.

The details of the exdperiment can be found in the Appendix 1
including &1l the necessary files of the experiment.
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The second example resembles CF-1. It is programmed
in a way that is very practical for many general purpose
experiments covering both the E- and F~laver altitudes. In
these experiments the E-laver oriented modulation and the
F-laver oriented modulations are transmitted separately.
The modulation blocks are:

1) — a multipulse group MFG for the E-laver

2y = an E-layer power profile group EFG, which has the
same spatial response as the MPG

2y - an F-laver power profile group FFRG. This can use
the same channels and freguencies as EFG

4) - a long pulse group LFG

The MFG uses 4 channels, EFG 2 channels, FFRG 2 channels
and LFG 2 channels. The LFG is also the remote station
modulation.

For the transmissions the MFG and EFG are combined to form
the TXE group, and the FFG and LFG are combined to form the
TXF group. The sequence is shown below and forms the
"i0-block" modulation used in several edperiments in the
GEN-FROGRAMS library.

Fhase 1:@: transmit TXE

Fhase 7@ receive MPG and EFG ,calibrate LF channels
Fhase 2: tramnsmit TXF

Frhase 4: receive FFG and LPG,calibrate pulse code and

powerprofile channels

The TXE phase cannot last more than about 400 us maximum
because all those modulations have been intended for low
altitude sampling. The modulations have also the property
that they become almost useless somewhere around 290 km or
below, Thus the Fhase 2 receiving period lasts only a
short time, usually less than 2000 us. The transmitter is
not ready for a new transmission until the duty cyvole permits
atter the TXE phase. This takes about 3I500-4000 us. In that
periad one can complete the signal reception ., sample sky
rmoise for the channels to be used as F-layer long pulse
reception and also do the noise injection for the F-laver
channels.

The F-laver transmission contains the LFG and FPG. The LFG
chamnmels have already been calibrated and FFG channels have
sampled the E-layer powerprofiles. The transmission of the
F-laver power profile pulses at the same frequency is not
very dangerous. The E-laver powerprofile pulses have in
practice little effect on the F power profile because they
are short and they are at long ranges (about &00-700 km range
when the F-~laver power profile sampling starts. The F-laver
power profiles do not disturb the E-layer power profiles
because the period from FTX to ETX is guite long. &-10 ms
depending on the modulations in FTX.
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The calibration of the power profile channels is done at
the end of the "F-cyvole" sither in the F-layer gating mode or
i the more compressed calibration gating mode. In most cases
it is practical to do also the pulse code channel
calibrations at the end of F-oyvocle, but not always. I+ done
sa, then the cyele starts directly with the ETX group
transmission. The example algorithm GEN-4 is programmed in
this way.

The structw e given earlier has several benefits. IF the
E~laver measurement is phase coded, then the number of
channels needed in the E-layer part is not & but usually 4.
Then there is no nesd ( and no possibility) to give two
different tasks for the power profile chamnnels. By giving the
long pulse measurements the chamnnmels 1 and 2 which have fast
analog-to-digital converters, one can sample the sky nolse
samples into their own buffers at the same time the E-laver
charnmel s receive in Barker coded mode ( matched filter om).
Im this way it is possible to separate the Barker coded and
noncoded parts of the experiment in two almost independent
blocks and the channel division is 4 Barker coded and 4
rorncoded chanmels. The E- and F-laver parts can be designed
independently. Without this structure it is & little tricky
to design effective experiments with both phase coded and
noncoded elements.

Whern following the philosophy of almost independent E- and
F-layer parts, one can  design them to look almost as
"subroutines". Thus it is gasy to develope a large set of
exdperiments having different combinations of the E-laver
parts and F-layver parts.

The third advantage is that the structure allows E-laver
modul ation part designed in the way that the number of RFOFF
gaps in the pattern is the smallest possible. This makes
effective use of the transmitter duty cycle. The duty cyveole
balance between the E~-layer, F-laver and remote station
illumitations is also guite reasonable.

Two disadvantages can be mentioned, too. One necessarily
has to do complicated balancing computations between the
powerprofiles and pulse codes for obtaining the zero lag. The
second disadvantage is that the number of frequencies used
for target illumination in the ETX phase is usually &. This
may cause difficulties due to the plasmalines in certain
phyvsical conditions.

Both these disadvantages can be avoided by using
"1Z2-block"” modulation pattern. In this solution the E~]laver
powerprofile group  EFG is transmitted separately  (ERFTX)
using the same chammels as in the pulse coded group MFG in
the next transmitting phase MPTX. The third transmitting
phase FTX contains  LFE and FPG. EFPG and MPGE use four
charnels, LFE and FPGE the remaining four channels. The
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"1E-block” sequence is thus as follows.

1) transmit EFPTX

2) receive E-laver powerprofiles

) tramsmit MFTX

4) receive pulse coded data and calibrate
LF channels

5y transmit FTX

&) receive LF and FPP data and calibrate
pulee code and FFF channels

FFF channel calibration can be programmed also during the
phase 4. EFG and MFG use the same channels and have thus a
common calibration.

The phase 2 is very short, often less than 2000 us. Thus
some clutter arises from the EFG to MFG receiving. This
clutter is, however, muach smaller than the "self clutter" of
the pulse codes themselves, but it is strong enouwgh to make
the X-profile based channel balancing douvbtful. The channel
balancing is, however, not needed because the E-layer
power profiles (EFG) and pulse codes (MPE) use the same
channels and same frequencies. The power profiles transmitted
shortly before the MFTX phase raise only the noise level a
little, they do not contribute to the expectation values of
Figher order lags for which the pulse codes are intended.

In 1Z2-block mode there are only 4 frequencies
simultaneously  illuminating the critical E-layver altitude
and this is gquite safe solution from the plasmaline
contamination point of view if adiecent freguencies are used.
The anly practical plasmaline difficulty may esist in the
first background gates in the long pulse channels because
that data is taken when the pulse coded modulations
illuminate the lower ionosphere.

The 12-block mode allows a simple form of plasmaline
grperiment to be programmed. One can receive using LP
channels a powerprofile type of data when the EFG is
illuminating the target {(during the phase 2). These profiles
icalled plasmaline profiles in GEN-FROGRAMS library) may be
usetul in some plasmaline studies and they, in any case, can
give warning for the possibility that some LF background
gates contain plasmaline contamination.

There is one drawback compared with the 10-block mode.
The tramsmitter duty cycle cannot be as effectively utilized
in the 1Z2-block mode as in the l1O-block mode.

Fimnally it can be mentioned that at least in one case,
when the MPG is formed by using 4d-pulse codes onlyv, one can
write a special correlator program which decodes the 12-block
mode algorithm and combines all the E-laver data into form of
antocarrelation functions with zero lag included {(library
program  GEN-8) .



The erxample selected for the "CF-1 looking" GEN-SYSTEM
experiment has the code name GEN-4. It is one of the simplest
and at the same time quite effective general purpose E- and
F—-layer experiment when the E-layer part is not phase coded.
It is written in "10-block mode".

The MFG part of the experiment is formed by combining two
4-pulse codes with system 2:1:4 and lag 1 delay of 40 us with
two IF-pulse code with system 1:2 and lagl delay of 60 us. The
element pulses are 19 us long. Two power profiles using 19 us
pulses form the EFG part. The sampling interval is 10 us and
thus the 4-pulse code lag increment in the input data is 4
and the F-pulse code lag increment is 6. A gating factor of
one is used and thus the final lag increments in the output
data are 2 and 3. The transmission pattern looks as follow:

FO o i o s e i o o
B e T e
F2 ‘

F3
F4

FS

The lags obtained after balancing and combining the
channels are the following :

0, 40, &0, 80, 120, 160, 180, 200, 280 us

Thus this simple group produces 9 points of the ACF
estimate. The points are not at equal intervals, which
eliminates certain aliasing difficulties. CP-1 versions
having modulation resembling the one shown above have given
promising results.

The lag at 120 us delay is common to both codes and is
thus statistically the best one. The channels can be balanced
in the ways described earlier in this report.

The F-laver part uwses the following pattern of 350 and 70
us pulses.

Fé& i T
F7 ST w —
Pl s

Fo e

The pulses at Fé and F7 form a&lso the remote station
pattern.

The programming details and the exact parameters can be
found in the files related to this experiment (Appendix 2).
A "12-block mode” solution using the same pattern has the
code name BEN-7 in the GEN-FROGRAMS library.



12. CALIBRATION FROGRAMS

System calibration programs have, to a certain extent,
been a weak point in the EISCAT system. In the GEN-SYSTEM,
the calibration program has the name GEN-CAL. It is a
relatively simple program written in the following way. The
antenna is pointed to the pole star, CYG-X and CAS-A. The
antenna stays in each position for 5 minutes and samples the
noise at a relatively high sampling frequency. In the pole
star position, the doppler calibrator is turned on for part
of the time. Measurements are done with both normal and very
high attenuator setting. For every channel the correlator
computes two ACF estimates: one for background and one for
the noise injection. This is computed in the boxcar weighted
mode using the last routine in the GEN-REMOTE correlator
pHr oo am.

If desired, one can also scan through the different
polarizer settings at the remote sites.

This calibration program checks the following:

1) cabling and freqguencies (DOFFLER calibration)

2) system nolse and

3) noise injection (pointing cycle with pole, CYG-X)
4) linearity (CAS-A related satwation effects)

3 impulse response functions of the used channels
&) low frequency system noise and offsets

Diftferent versions of the GEN-CAL are included in the
GEN-FROGRAMS library. In critical applications, the use of a
suitably modified version tailored to the actual measuring
configwation is worth the time it takes.



13, COMPARISON RBETWEEN THE GEN-SYSTEM AND THE OTHER METHODS

Comparison between the GEN-SYSTEM and the earlier methods
is rnot very straightforward to make. At the time when this
report was written, only very few tests had been done with
transmitter and only preliminary analyses are available. The
comparison is also difficult in a formal sense because the
methods have different responses in the spatial domain. A
rough analysis is, however, possible and gives order of
magnitude estimates.

In this comparison, we omit the possible differences of
measuring bandwidths and other similar parameters which are
freely selectable in any a&lgorithm. Then one can immediately
conclude that the power profiles are the same except for the
fact that more channels can be used in the GEN-S5YSTEM. The
gating done at correlator level produces data in which the
gate separation and gate resclution have a reasonable
relation. Thus the real time display is clearer even though
there is not increase in the information. The power profiles
in the example program GEN-3 have about & times shorter
integration time than in the original CF-3 because of the
greater number of transmitted pulses per unit time.
Oversampling can also be used to decrease the integration
time, sometimes by considerable amount. Thus in the "CF-1"
looking programs, the E-laver power profiles have slightly
shorter integration time than in similar older programs, but
on the other hand the response is also different. In the
GEN-SYSTEM one can easily have different power profiles in
the same program which is a benefit in general purpose
programs. This was difficult in garlier methods. The value of
this feature depends on the importance of having different
power profiles.

Im the pulse coded part of the CF-1 looking GEN-FROGRAMS,
the general improvemed is about a factor of 4 in integration
time. This comes from programming twice as many channels as
earlier and from oversampling by a factor of two or more. It
is also possible to program much better calibration. The
factor of 4 is gquite considerable. In weak signal to noise
conditions, it is eguivalent to doubling the transmitter
power . The GEN-SYSTEM gives also many more degrees of freedom
in designing multichannel patterns, which make the algorithms
more effective in special applications. The programming
philosophy permites multiplexing easily the Barker coded and
noncoded modulations. Although the philosphy is not unique to
the GEN-SYSTEM, it is easiest to use with GEN-SYSTEM
P OQr @ams .
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The monostatic long pulse has a different response and
thus the comparison is not straightforward. The example
program GEN-3 has about = times more illumination of target
by monostatic long pulses thanm the original CF-Z. At short
delays, however, the integration time is not shorter by that
amount but is about the same. On the other hand the spatial
resolution is better and is almost constant with lag. (If the
same spatial resolution were programmmed in the GEN-3YSTEM,
for the zero lag, then the integration time improvement were
about Z). At long delays the GEN-BYSTEM longpulse routine
always wins over the earlier algorithms. At longest delays
the integration time improvement is higher than the duty
cycle benefit done. In the example program, the integration
time at the longest programmed GEN-3 delay delay is more than
S times shorter for a given accuwracy of the lag estimate than
in CR-2-C at corresponding delay. Tests with analysis will be
needed to verify the final importance of the improved
accuracy at long delavs as well as the benefits of the
gpatial filtering properties of the GEN-SYSTEM long pulse
routine. In the CFP-1 locking experiment, the number of
monostatic long pulses is 2 instead of one. The integration
time at short delavs is about the same as earlier and at long
delays it is about 3 times shorter for a given accuracy.
Theze results are also shown in Fig. 1Z3.1. For a given filter
barndwidth and target properties, the integration time is
inversely proportional to the number of UNIFROG matrix
glements times the square of the volume contributing to the
expectation value of the element. This is valid during weak
sigrnal to noise conditions.

LONG PULSE

e CP‘S-C/GEN-;
O

Yy
tE CF11-E/équ,q
“z

P BN TN BVES HTS P DU AU B S U S S, N
Y0 8o /s20 /60 AOo
LAG [ pus]
Fig. 13.1 A rough integration time.comparison between GEN-4

with CF-1-F and GEMN-5 with the CF-Z-C for lags common in
both algorithms. The same filter bandwidth is assumed. Note
that because of differences in the spatial responses the
exact integration time difference cannot be correctly done.



The remote station accuracy is about the same in
GEN-S8YSTEM programs as in the earlier common mode programs.
The first few lags tend to have a slighly shorter integration
time while the long lags are worse, especially in CP-3
resembling experiments. However the calibration accuracy is
muach better.

The calibration philosophy is much better in the
GEN-SYSTEM than in most of the earlier programs. More than
1/% of the input data is often taken for calibration purposes
at the monostatic site and sometimes more than 95% of the
remote station samples are only for calibration purposes.
This together with algorithm improvements makes considerable
increase in the calibration accuracy at all sites and
especially at remote stations.

The GEN-SYSTEM allows also some practical and even
economical benefits. Much more effective use of the
transmitter and receiver system can be done without
increasing the tape comsumption. Instead the monostatic data
can be handled by a little smaller amount of tapes in some

speriments (like GEN-35) and at remote stations the tape
consumption is smaller by about a factor of 3-5 compared with
the older algorithms.
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GEN-5
—a "CP-E looking" experiment. See the Appendix 1.
The algorithm CF-%-D is based on GEN-S5.

GEMN--&

—a general purpose awroral edperiment using Rarker coded
4-pulse code for the E-laver and written using the standard
GEN-SYSTEM approach. Low altitude part gated to 1.2 km
resolution. Lagincrement is 36 us. Long pulses are 240 us
long. sampled at 10 us intervals and computed using
VOLUMEINDEX 5 and LAGMAX 17 (high resolution long pulse
moce) . The library version is written to "small scale”
latitudinal scan mode.

GEMN-7
—-as GEMN-4 but written into "12-block mode". Flasmaline
profiles are included.

GEN-8

—-a "CF-1 looking" experiment using 4-pulse codes and
written in "12-block mode". A special correlator program
compresses the E-~-layer dats into a form of boxcar weighted
auntocorrelation functions with 7 lags {(zero lag included).
F-laver part as in GEN-4. The output contains only three data
bBlocks: E-layver autocorrelation functions, F-layer
avtocorrelation functions and low resolution powesrprofile
with necessary calibrations. ’

GEM-9
—an GEN-8 but witten using standard GEN-SYSTEM
approach. Flasmaline profiles are included.

GERM-10

~development algorithm to study the programming
difficulties in long range VHF algorithms. Final version
intended for VHF applications. Not usable in UHF system.

GEM-11
—-& very special pulse-to-pulse correlation program
intended mainly for VHF applications

GEM-12

—as GENM-& but gated for 600 meters resolution in the
low altitude part. The library version contains three
direction scanning with possibility to have real time mode
corntrol.. Intended for sporadic E-laver, gravity wave and
general purpose aworal research when high resclution is of
importance.

The listed programs have been developed but are not
necessarily in the very final form (August 1985 situation).
Timy modifications are expected during testings with
transmi tter to some of them. A report describing the
avallable library is going to be published later.
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AFFENDI XES
Appendix Ly GEM-IS
Appendix 2@ GEN-4

GEN-4 and GEN-5 are two example programs from the program
library GEN-FROGRAMS. The remote station correlator program
of BGEM-4 iz mnot included because GEN-S shows the way how to
use the master program GEN-REMOTE and the only differences
are seen in the file GEN-4-R-8UBR:LIST. Some BGEN-9 files are
in the form used in CPF-3-D (differs only by name).
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% GEN-5: DESC

%

A CP-3 LDOKING EXFERIMENT

TAUNDO TWRUNEN
EISCAT HQ, MARCH 1985
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THE GEOMETRICAL PROPERTIES OF THIS EXPERIMENT HAVE BEEN
TAKEN FROM THE CP-3-C

*##MODULAT ION* 3%

REPETITION PERIOD IS 17256 US. THE FERIOD CONTAINS TWO TRASMISSION
PHASES, BOTH OF WHICH HAVE 2 LONG PULSES OF 33@ US DURATION AND 4 POWER
PROFILE PULSES OF 7@ US DURATION.

IN THE FIRST TRANSMISSION PHASE THE LONG PULSES ARE AT FRERUENCIES F@ AND F1.
IN THE SECOND TRANSMISSION PHASE THE LONG PULSES ARE AT FRERUENCIES F2 AND F3.
THE POWER PROFILES ARE ALWAYS AT FREQUENCIES F4,FS5,F& AND F7.

THE LONG PULSES FORM ALSO THE REMOTE STATION PART OF THE MODULATION.

THE LONG PULSES ARE CALIBRATED JUST BEFORE THE CORRESPONDING FRERUENCIES ARE
TRANSMITTED. THE POWER PROFILES ARE CALIBRATED AT THE END OF BOTH "SUBCYCLES".

THE LONG PULSES ARE RECEIVED USING CHANNELS 1,2,3 AND 4.
THE POWER PROFILES USE CHANNELS 5,6,7 AND 8.

FOR DETAILS THE USER IS ADVISED TO STUDY THE CORRESPONDING ELAN AND TLAN FILES.

PHASE 1 PHASE 2

m—— CH1/F@
————— CH2/F1

————— CH3/F2
----- CH4/F3

- - CHS/F4
- - CH&/FS
- - CH7/F6
- = CHB/F7

THE CORRELATOR PROGRAM GEN-5-T:CCOD IS WRITTEN USING THE PROGRAM GEN-F-L1U1P2
AS A MASTER PROGRAM. THE NEEDED MAIN PROGRAM IS IN THE FILE GEN-5-T-SUBR:LIST.
THE REMOTE STATIONS USE CORRELATOR PROGRAM GEN-5-R:CCOD BASING ON GEN-REMOTE.

THE MONOSTATIC PART USES A NEW "CONSTANT VOLUME SIZE" ALGORITHM IN THE LONG
PULSES (GEN-SYSTEM LONG PULSE ROUTINE). -
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ALL CHANNELS PRODUCING IDENTICAL DATA ARE ADDED TOGETHER ALREADY AT THE
CORRELATOR LEVEL BOTH IN THE MONOSTATIC AND REMOTE RECEIVING. THUS IN THE
MONOSTATIC RECEIVING THE CHANNELS 1,2,3 AND 4 MUST HAVE AS EQUAL GAIN A8
POSSIBLE (LON PULSES) AND 5,6,7 AND 8 MUST HAVE AS EQUAL GAIN AS POSSIBLE
(POWERPROFILES). AT THE REMOTE SITES THE CHANNELS 3,4,5 AND 6 ARE USED FOR
LONG PULSE RECEIVING AND MUST HAVE AS EQUAL GAIN AS POSS8IBLE.

IF THE GAIN BALANCE IS NOT GOOD, THE DATA IS NOT LOST BUT THE STATISTICAL
ACCURACY IS NOT THE BEST POSSIBLE ONE AND THE VARIANCE COMPUTATIONS LEAD TO
TOO SMALL ESTIMATE.

THE CHANNELS CAN BE BALANCED TO WITHIN +-@.5 DB, WHICH IS GOOD ENOUGH AND THE
ASSUMPTION THAT THE CHANNELS HAVE THE SAME GAIN WORKS REASONABLY WELL IN THE
VARIANCE ESTIMATE.

THE GAIN BALANCE CAN BE TESTED BY RUNNING A SUITABLE VERSION OF GEN-CAL AT THE
SITE BEFORE THE EXPERIMENT. WITH THIS CALIBRATION EXPERIMENT ONE ALSO PRODUCES
DATA TO ESTIMATE THE SYSTEM TRANSFER FUNCTIONS VERY ACCURATELY FOR EVERY
INDIVIDUAL CHANNEL.

MONOSTATIC PART USES 25 KHZ LINEAR FHASE FILTERS, WHICH IS A FILTER
HAVING MAXIMALLY WELL BEHAVING TIME DOMAIN RESPONSE. AT THE REMOTE SITES THE
FILTERS ARE 25 KHZ BUTTERWORTH FILTERS.

###GENERAL %%

A) POWER PROFILE PART STARTS FROM ADDRESS @002 IN THE RESULT MEMORY OF
THE CORRELATOR AND HAS 30+1@+2 GATES (SCATTER, SKY, NOISE INJECTION)

THE FIRST FOWER PROFILE GATE IS CENTERED AT A NOMINAL RANGE OF 7&6.5 KM
AND THE GATE SEPARATION IS 1@.5 KM,TOTAL RANGE COVERAGE IS 76.5-381.0 KM.
P-P RESOLUTION IS 21.8 KM, 75% CONTRIBUTION RESOLUTION IS 18.5 KM, AND
THE GATE CORRELATION IS 25% (DEFINES THE POWERPROFILE GATE OVERLAPPING).
THESE PROPERTIES ARISE FROM 7@ US PULSE, 14 US SAMPLING AND GATING
FACTOR 4. THUS S5 NEIGHBORING POINTS ARE SUMMED TOGETHER CAUSING ALMOST
EXACTLY TRIANGULAR SPATIAL WEIGHTING FUNCTION.

B) ACF:S START FROM FROM THE CORRELATOR ADDRESS 42 HAVING 25+7+2 GATES WITH
14 LAGS IN THE ORDER: SCATTER,SKY,NOISE INJECTION. LAG INCREMENT IS 14 US.

IN THE LONG PULSE (35@ US) DATA THE FIRST ACF GATE IS CENTERED AT NOMINAL
RANGE OF 200 KM, THE GATE SEFARATION IS 31.5 KM AND THE RANGE COVERAGE

1S 200-956 KM. THE RESOLUTION OF THE VOLUME IS 84.8 KM MEASURED BETWEEN
THE ABSOLUTE BOUNDARIES OF THE VOLUME. THIS IS THE SAME AT EVERY LAG.
MORE MEANINGFUL FIGURE FOR THE RESOLUTION IS OBTAINED BY CONSIDERING

A VOLUME FROM WHICH ABOUT 7@ % OF THE CONTRIBUTION TO THE TARGET ACF
ESTIMATE ARISES. THE SMALL TABLE BELOW GIVES THE RESOLUTION AT SOME LAGS.
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CONTRIBUTION OF THE 42 KM VOLUME TO THE ACF ESTIMAT AT DIFFERNT LAGS:

LAGA: 734
LAGS: 75%
LAG1@: 73%

LAG1S: &7%

CORRELATION BETWEEN THE GATES ARISES FROM THE FACT THAT THE NEIGHBORING
GATES HAVE CERTAIN AMOUNT OF CONTRIBUTION FROM THE SAME PART OF THE
TARGET. THIS CAN BE USED AS AN ESTIMATE OF THE "OVERLAPPING". NOTE THAT
OVERLAPPING IS DEFINED HERE AS A TRUE TARGET VOLUME OVERLAPPING GIVEN IN
PERCENT OF CONTRIBUTION FROM A COMMON VOLUME. IN EARLIER CP-3 VERSIONS THE
OVERLAPPING HAS DIFFERENT MEANING (SAMPLE SPACE OVERLAPPING USING GATING
IN THE SAMPLE SPACE).

CORRELATION BETWEEN THE NEIGHBORING GATES:

LAGA: 42%
LAGS: 394
LAG1@: 42%
LAG1S: S0%

###LONG PULSE DATA PROPERTIESH##

AFTER SUBTRACTING THE SKY NOISE ONE HAS TO DIVIDE THE OBTAINED TARGET
ACF ESTIMATE BY WEIGHTING FACTOR W(I), WHICH CAN BE OBTAINED FROM THE
FORMULA

W(I) =(15+I)%(25-1)/(15#25) ; WHERE
I=@,1,... ,MAXLAG (=15) IS THE LAG INDEX
15 = VOLUMEINDEX
25 = 350/14 =PULSELENGHT/SAMPLING INTERVAL

IN THE GIVEN FORM OF W(I) THE VALUE AT ZERO LAG IS 1.000.
THE TABLE BELOW GIVES THE NORMALIZED WEIGHTING FACTORS FOR THE MEASURED LAGS.

LAGO :1.000 LAGS :1.064 LAG12:0@.936
LAGL :1.024 LAG7 :1.@56 LAG13:0@.896
LAG2 :1.043 LAGE :1.043 LAG14:0.851
LAG3 :1.0856 LAG? :1.024 LAG15:@. 800
LAG4 :1.064 LAG1@: 1.000
LAGS :1.8&7 LAG11:@.973

NOTE THAT THIS TABLE IS VALID ONLY FOR THE TARGET CONTRIBUTION FPART OF

THE ACF ESTIMATE (SKY NOISE SUBTRACTED). THE RAW TARGET ACF ESTIMATE AFTER THE
SUBTRACTION MUST BE DIVIDED BY THE GIVEN NUMBERS IN ORDER TO OBTAIN THE BOXCAR
WEIGHTING.
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WHEN THE SYSTEM TRANSFER FUNCTION IS ESTIMATED BY TAKING THE FOURIER
TRANSFORM OF THE SKY NOISE ACF (OR NOISE INJECTION ACF- SKY NOISE ACF),
THEN THE WEIGHTING FACTOR WITH WHICH A BOXCAR WEIGHTED ACF IS OBTAINED
I8

NOISEWEIGHT (I) = (15+I)/15

### ONG PULSE STATISTICS#*#%

THE NUMBER OF CROSSPRODUCTS PER VOLUME AT A GIVEN LAG I IN A SINGLE
DUMP IS

NOPRODUCTS(I) = (SCANCOUNT*4-3)%* (13+1) s I IS THE LAGINDEX
4 IS5 THE NUMBER OF CHANNELS

ADDED TOGETHER
NOTE THAT THE LAST FORMULA IS NOT MEANINGFUL IF THE CHANNELS
1,2,3 AND 4 DO NOT HAVE REASONABLE GAIN BALANCE.

###POWERPROFILE STATISTICS#*#
THE NUMBER OF CROSSPRODUCTS FER GATE IN THE POWERFROFILES IS
NOPRODUCTS (POWERPROFILE)Y = (SCANCOUNT#2#4-7)#3 ;3 WHERE
2 NUMBER OF CYCLES /REP

4 IS THE NUMBER OF ADDED CHANNELS
S COMES FROM THE GATING FACTOR

*#% REMOTE STATION DATA*#¥*

REMOTE STATIONS ADD FOUR CHANNELS TOGETHER. THE DATA STRUCTURE CONSIST OF
FIVE ACF:S WITH 21 LAGS WITH TRIANGLULAR WEIGHTING AND 3 ACF:S WITH 21 LAGS
HAVING BOXCAR WEIGHTING.

THE SIGNAL SHOULD BE IN THE 2ZRD AFC (TRIANGLULAR WEIGHTING) .

THE FIRST FIVE ACF:S HAVE BEEN COMPUTED FROM THE DATA VECTOR CONTAINING 100
SAMPLES. GATING IS 3@ SAMPLES AND OVERLAPPING 1@. THE SIGNAL IS FULLY
ILLUMINATING THE VOLUME IN THE 3@ SAMPLES IN THE MIDDLE OF THE DATA VECTOR.
SIGNAL LEKAGE SHOULD BE CLEARLY SEEN IN THE ACF:S 2 AND 4. ACF:S 1 AND 3
SHOULD BE SIGNAL FREE. BECAUSE OF OVERLAFPING COMPUTATION THE SIGNAL LEAKAGE
SHOULD BE QUITE STRONG (ABOUT 3@%) IN ACF:S 2 AND 4 AND ALMOST SYMMETRIC IF
THE TIMING IS CORRECT.

THE FPROPERTIES OF THE SIGNAL ACF ARE THE FOLLOWING:
UNNORMALIZED WEIGHTING FACTOR RSIGWEIGHT(I)

RSIGWEIGHT(I) = 3@-1I ; I = 0,1,...,20
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THE NUMBER OF CROSSPRODUCTS AT A GIVEN LAG I IN ONE DUMP IS
NOPRODUCTS= (4#SCANCOUNT-3) # (38-1)

SKY NOISE IS IN THE ACF:S & AND 7 AND NOISE INJECTION IN 8.
THESE ACF:S HAVE BOXCAR WEIGHTING AND THE WEIGHTING FACTOR IS 26@

AS A CONSERUENCE ONE CANNOT SUBTRACT THE SKY NOISE DIRECTLY FROM THE
SIGNAL. IN REAL TIME MONITORING ONE HAS TO USE “BO" STATEMENT OF RTGRAPH.
ONE HAS TO ANSWER “SIGSAMPLES =3@" AND "PRODUCTS =26@"

WHEN THE TWO SKY NOISE ACF:S ARE ADDED TOGETHER, THE NUMBER OF CROSSPRODUCTS
ADDED TOGETHER AT EVERY LAG IS

CALNOPRODUCTS = (SCANCOUNT#*4%*4-14) %130

THIS NUMBER IS MORE THAN 1.100.20@ AT EVERY LAG IN ONE 1@ SECOND DUMF.
THIS GIVES GOOD ACCURACY FOR THE SKY NOISE ESTIMATE.

THE CORRESPONDING NUMBER OF THE CROSSPRODUCTS IN THE NOISE INJECTION ACF IS
CALPRODUCTS (NDISE) = (SCANCOUNT#4#2-7) *13@

AS A CONSEQRUENCE THE NUMBER BY WHICH THE SKY NOISE ESTIMATE (BOTH TWO ADDED?
MUST BE MULTIPLIED BEFORE DOING THE SUBTRACTION FROM THE SIGNAL GATE IS THE
FOLLOWING:

SKYFACTOR = ((SCANCOUNT#4-3)%(30-1))/ ((SCANCOUNT*4#4-14)%13@)

B33 I3 I3 I I I I NI I I NI I NI I e W I 3NN

GEOMETRICAL DETAILS ARE IDENTICAL TO THOSE IN CP-3-C

THE COMMON PROGRAM THREE EXPERIMENT IS DESIGNED TO PROVIDE BROAD
LATITUDINAL COVERAGE DOF THE AURORAL IONOSPHERE.

THE TROMSO ANTENNA SCANS IN 15 DISCRETE STEPS ALONG (APPROXIMATELY)
A MERIDIAN. THE PLANE OF THE SCAN PASSES DIRECTLY OVERHEAD OF BOTH
TROMSO AND KIRUNA. THE KIRUNA AND SODANKYLA ANTENNAS TRACK THIS
SCAN, POINTING AT AN INTERSECTION VOLUME AT 325 KM ALTITUDE.



86 a7

ANTENNA POINTING

I HEIGHT = 323 KM
POSITION TIME TROMSO I KIRUNA SODANKLYLA LAT LONG
(SEC) AZ EL I AZ EL AZ EL
: I -
1 108 344.9 28.0 I 3446.@ 19.9 335.4 15.9 74.2 14.6
MOVE 20 I 822 KM 937 KM (RANGE)
2 20 344.9 35.1 1 346.0 24.3 332.9 19.0 73.2 15.8
MOVE 20 I 712 KM 849 KM
3 [0 344.9 43.7 1 346.8 29.3 329.9 22.4 72.3 16.8
MOVE 20 I 619 KM 736 KM
4 ?0 344.9 54.0 I 346.0 35.1 326.5 26.8 71.5 17.6
MOVE 20 I 339 KM 678 KM
S Q8 344.9 45.4 1 346.0 41.5 322.64 29.6 70.8 18.2
MOVE 20 I 476 KM 614 KM
& 8@ 344.9 77.5 1 346.0 48.7 318.8 3I3.3 70.2 18.7
MOVE 20 I 424 KM 562 KM
7 120 MOVING 98.0 I 344.8 57.1 312.5 3I7.2 6&9.46 19.2
MOVE 20 I 382 KM 517 KM
8 80 164.9 77.9 1 346.@8 &4.8 3@5.4 41.2 469.0 19.6
MOVE 20 I 352 KM 479 KM
? 70 164.9 &6.7 1 346.8 78.08 296.3 45.1 48.4 206.0
MOVE e I 332 KM 448 KM
i@ i2e 164.9 §7.1 I MOVING 90.08 284.7 4B.4 4&7.9 28.4
MOVE 3@ I 325 KM 426 KM
11 70 164.9 49.80 1 166.8 77.9 278.7 S@.4 6&7.3 20.8
MOVE 20 I 3II2 KM 415 KM
i2 80 164.9 42.1 1 166.8 6&6.4 255.@ 35B8.&6 &&.7 21.2
MOVE 20 I 353 KM 414 KM
13 7] 164.9 35.46 I 166.8 54.8 237.8 48B.2 &6.8 21.6
MOVE 20 I 393 KM 428 KM
i4 0 164.9 29.7 1 166.8 44.3 222.3 43.1 &5.2 22.0
MOVE 20 I 454 KM 463 KM
i5 70 164.9 24.6 1 166.8 35.5 210.5 346.8 64.2 22.3
RECYCLE 150 I 934 KM 520 KM

CYCLE = 1808 SEC 3@ MIN
OF WHICH: 1358 SEC (75%) IS DATA, 45@ SEC IS ANTENNA MOTION

THE POSITIONS AND SYNC TIMES HAVE BEEN SET SUCH THAT ALL ANTENNAS
SHOULD BE IN POSITION FOR THE PLANNED INTERVALS; ALL MOTIONS SHOULD
BE COMPLETED IN THE ALLOWED TIMES.
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AL ##%% E ROS PROGBGRAMME FOR TROMSDO e
P

L4 EXPERIMENT GEN-S,FILE GEN-S-T:ELAN

4

AL A CP-3 LOOKING PROGRAM WRITTEN BY TAUND TURUNEN
A

A EISCAT HR, JAN.1985

a4

DR LR L LRI R LR AL R L LKL L LU LR LR LLLE LA LA LAl VAL AL AL AT L KL LKL ALK,
%

WRI-EXP-HEAD ,, -

4

WRITE-FILE (EXP)GEN-5-T:ELAN

WRITE-FILE (EXP)GEN-3-T:TLAN

WRITE-FILE (EXP)GEN-5:DESC

WRITE-FILE (EXP)GEN-5-T-SUBR:LIST

%

POINT-REF-HE 344.9,28.0,325.0

“

SYNC -120

rA
LOAD-RADAR
%

%

(EXP)GEN-5-T

TRANSF-NOISE-CONT RAD

DEF-FLUKE-POS 3,Y
DEF-FLUKE-POS 4,Y

A

SET-L0O1 1@853.5
SET-SIG-PAT ALLX
SET-SIG-ATT X,5

%
SET-CH-ATT
SET-CH-ATT
SET-CH-ATT
SET-CH-ATT
SET-CH-ATT
SET-CH-ATT
SET-CH-ATT
SET-CH-ATT
“

%
SET-LO2 1
SET~-LO2Z 2
SET-LO2 3
SET-LD2 4
SET-LO2 5
SET-L0O2 &
SET-LO2 7
SET-L.02 8
4

1,4
2,4
3,4
4,4
5,4
b,4
7,4
8,4

NOTE: BALANCE THE CHANNELS FOR GROUPS 1,2,3,4 AND 5,4,7,8

BY CHECKING THE ATTENUATOR VALUES BEFORE THE EXPERIMENT.
94.0
93.5
93.0
92.5
92.0
91.5
91.0
90.5



SET-FILTER
SET-FILTER
SET-FILTER
SET-FILTER
SET-FILTER
SET-FILTER
SET-FILTER
SET-FILTER
%

4

LOAD-CORR (EXP)GEN-5-T:CCOD

%
SET—-CO-APB
SET-CO-APB
SET-CO-APB
SET-CO-APB
SET-CO-APB
SET-CO-APB
SET—-CO-APB
SET-CO-APB
%
%
SET-CO-APM
. )
SET-CO-AFM
SET-CO-APM
SET-CO-APM
SET-CO-APM
“
SET-CO-APM
%
SET-CO-AFM
%
%

1,LIN,25.0
2,LIN,25.@
3,LIN,25.8
4,LIN,25.@
5,LIN,25.0
6,LIN,25.0
7,LIN,25.0
8,LIN,25.0

15,15

14,15

13,25
9,210

15,0
14,42
13,442
12,554
11,586
3,15

2,1

SET—-CO-DATAIO 587

%
4
rA
4
%
%
%
%
%
rA
%
%
“
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“VOLUMEINDEX

4LAGMAX
ZLPNOGATES,

ZPPNOSAMPLES1

A7/Q

%MASTER PROGRAM BGEN-F-L1U1P2:CLAN

SCATTER PART
(GATING+1=3)

%USERREG1,LP SKY NOISE GATE NUMBER
%USERREG2,LP NOISE INJECTION GATE NUMBER

%USERREG3,
%APBINCR
%RESENTRY1,
%RESENTRYZ,
%RESENTRY3,
%RESENTRY4,
%RESENTRYS,
%LPMAXLAG

ZAPMINCR

PP GATING CONTROL (5-1)

POWERPROFILES (3@+10+2;DATA,SKY,NOISE INJ

LP SCATTER GATES
LP SKY NOISE

LP NOISE INJECTION
SCANCOUNTADDRESS

INFORMATION FOR DISPLAY PROGRAMS:

CORRELATOR DUMP CONSISTS OF TWO PARTS

A) POWER PROFILE PART STARTING FROM ADDRESS @@2@ IN
THE CORRELATOR HAVING 3@+1@+2 GATES

B) ACF:S STARTING FROM ADDRESS 42 HAVING 25+7+2 BATES WITH

16 LABS IN ORDER SCATTER,SKY,NOISE INJECTION

THE FIRST POWER PROFILE GATE IS CENTERED AT RANGE 76.5 KM
AND THE GATE SEPARATION IS 1@8.5 KM , TOTAL COVERAGE 76.5-381.0 KM

P-P RESOLUTION 21.@ KM,
CORRELATION 234

75% RESOLUTION 1@8.5 KM, GATE



“

KM.

%

%

“

%

%

%

“

%

%

%

“

“

“

%

%4

%

SYNC &@
%
SET-BUF-M 2
SET-BUF-M 3
SET-BUF-M 4
SET-BUF-M 3
SET-BUF-M &
SET-BUF-M 7
SET-BUF-M 8
SET-BUF-M 1
“

“
SET-ADC-INT
SET-ADC-INT
SET-ADC~INT
SET-ADC-INT
SET-ADC-INT
SET-ADC-INT
SET-ADC-INT
SET-ADC-INT
%

%
START-CORR
SYNC 5@
START~RADAR
4
ENABLE-DMA
%

%

SYNC 11

DO -1
START~REC-D
SYNC 100
POINT-REF-H
SYNC 110
POINT-REF-H

AT
oo /9

IN LONG PULSE DATA THE FIRST ACF GATE IS CENTERED AT RANGE 200.0

GATE SEPARATION IS 31.5 KM. TOTAL RANGE 208.0-956.0 KM.

‘P-P RESOLUTION IS B84.@0 KM. WEIGHTED RESOLUTION IS THE

FOLLOWING:

LAGB: 42 KM/73%

LAGS: 42 KM/735%
LAG1@: 42 KM/73%
LAG1S: 42 KM/&7%4

THIS DEFINES RESOLUTION

CORRELATION BETWEEN THE NEIGHBORING GATES:
LAGA: 42%, LAGS:39%, LAG1@:42%, LAG15:50%
THIS DEFINES OVERLAPPING

FOR DETAILS SEE THE DESCRIPTION FILE

,1020
,2040
, 3060
, 600
, 1620
2640
3660
, 0000 % MUST BE THE LAST COMMAND!!!!!!!
% THE FIRST UNUSED BUFFER ADDRESS 4@80

1,14
2,14
3,14
4,14
5,14
6,14
7,14
8,14

12,1,10

ATA
% Ti i0@ SEC
344,.9,35.1,325.@8 % T2 20+ 90 SEC

344.9,43.7,325.@8 4 T3 20+ 98 SEC
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SYNC 11@

POINT-REF-H 344.9,54.0,325.0
SYNC 11@

POINT-REF-H 344.9,65.4,325.0
SYNC 110

POINT-REF-H 344,9,77.5,325.0
SYNC 100

POINT-REF-H 12.8,89.99,325.0
SYNC 2@ %
POINT-REF-H 155.0,89.99,325.0
SYNC 12@

POINT-REF-H 1464.9,77.9,325.0
SYNC 100

POINT-REF-H 164.9,66.7,325.0
SYNC %8

POINT-REF-HE 164.9,57.1,325.0
SYNC 150

POINT-REF-H 144.%9,49.0,325.0
SYNC 100

POINT-REF-H 144.9,42.1,325.0
SYNC 100

POINT-REF-H 164.9,35.6,325.0
SYNC 110

POINT-REF-H 164.%,29.7,325.0
SYNC 110

POINT-REF-H 164.9,24.6,325.0
SYNC 110

STOP-REC-DATA

FOINT-REF-H 344.9,28.0,325.0
SYNC 135@

ENDDO

RETURN

Z

“

“

%

%4

T4

TS

Té6

T7

20+120

T8

T9

Ti0

Ti1

Ti2

Ti3

T14

TiS

Tié

T1

20+ 9@

20+ 7@

28+ 80

SEC

20+ 80

20+ 70

J0+120

3@+ 70

20+ 8@

20+ 90

20+ <90

20+ 90

150

SEC
SEC

SEC

SEC
SEC
SEC
SEC
SEC
SEC
SEC

SEC

SEC

ATl

KIRUNA

K1@&K11
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%

“ GEN-5-T: TLAN

4

% TAUNO TURUNEN,EISCAT HR, JAN.1983
v .

LR ALL L L AL LR L LR L L LA LC LR LKL A LR L LR L LD R ALY LU LR LA LR L L LT LA LA L LL LN,
“

4

AT 1 TRANS,CHEPULS

AT 10 RXPROT,LOPROT

AT 5@ BEAMON

AT B8O FO

AT 10@ RFON

AT 45@ RFOFF,F1

AT 452 RFON

AT 8@2 RFOFF,F4

AT 804 RFON

AT 874 RFOFF,F3S

AT 8746 RFON

AT 944 RFOFF,F&

AT 248 RFON

AT 1018 RFOFF,F7

AT 18268 RFON

AT 1@9@ RFOFF,BEAMOFF

AT 115@ RXPOFF

AT 1280 LOPOFF

AT 13@0 RECEV

AT 1318 CHI1
AT 1325 CHS
AT 139& CHé
AT 1448 CH7
AT 1548 CH8
AT 16462 CH2 % FIRST LP-VOLUME AT 20@.2 KM RANGE

A % VOLUME SEPARATION 31.35 KM

“ 7% 75% RESOLUTION 41 KM (ABOUT)

“ 7% FIRST POWERPROFILE GATE AT 76.5 KM

% % RESOLUTION 21 KM P-P, 18.5 KM AT 75% CONTRIBUTION
“ 7% POWERPROFILE GATE SEPARATION 1@.5 KM

AT 3414 CHSOFF
AT 348& CHGLOFF
AT 3558 CH70FF
AT 3638 CHBOFF
A % 15@ SCATTER POINTE IN POWERPROFILE CHANNELS



AT 5457
AT &647
AT 4970
AT 7322
AT 7337

AT 7400
AT 7533
AT 8230
A

SETTCR

AT 1 TR
AT 10 R
AT 50 B
AT 80 F
AT 100
AT 450
AT 452
AT 8@2
AT B804
AT 874
AT B76&
AT 246
AT 948
AT 1018
AT 1020
AT 1090
AT 1150
AT 1200
AT 1300

ZGEN-S
AT 1310
AT 1325
AT 1396
AT 1448
AT 1540
AT 16642

92

CH3,CH4
CHS,CHé& ,CH7 ,CH8
CH10FF

CH20FF

ALLOFF ,CAL 100

CH3,CH4,CHS,CH6,CH7 ,CHB
CHSO0FF ,CH&AOFF , CH70FF , CHBOFF
ALLOFF,CAL®

8500

ANS , CHRPULS
XPROT ,LOPROT
EAMON
2
RFON
RFOFF ,F3
RFON
RFOFF ,F4
RFON
RFOFF,FS
RFON
RFOFF ,Fé&
RFON
RFOFF ,F7
RFON
RFOFF , BEAMOFF
RXPOFF
LOPOFF
RECEV

RECEIVING PART
CHZ
CHS
CHé
CH7
CHB

A«/(Q\

%133 SKY SAMPLES,L-P
%405 LP-DATA SAMPLES,L-P
%#5@ SKY, POWERPROFILES

%10 NOISE INJECTION SAMPLES
%60 NODISE INJECTION SAMPLES

CH4 % FIRST LP-VOLUME AT 208.8 KM RANGE
7% VOLUME SEPARATION 31.5 KM
7% 75% RESOLUTION 41 KM (ABOUT)
% FIRST POWERPROFILE GATE AT 76.5 KM

% RESOLUTION 21 KM P-P,

1@.5 KM AT 75%4 CONTRIBUTION

7% POWERPROFILE GATE SEPARATION 1@.5 KM



AT 3414
AT 3486
AT 3558
AT 3630

AT 54357
AT 6647
AT &?70
AT 7322
AT 7337

AT 7400
AT 7333
AT B823@

AT B4@a@
AT B41i@
AT 8420
AT 8460
%

93

CHSOFF
CH&OFF
CH70FF
CHBOFF

AT/,

% 15@ SCATTER POINTS IN POWERPROFILE CHANNELS

CH1,CH2
CHS,CH6,CH7,,CHB
CH30FF

CH40FF
ALLOFF,CAL100

CH1,CH2,CHS,CH&,CH7 ,CHB
CH30FF , CH60FF , CH70FF , CHBOFF
ALLOFF,CAL®

CcH8e
STC
ALLOFF
BUFLIP

SETTCR 0000

%

AT 17256 REP

%135 SKY SAMPLES,L-P
%4085 LP-DATA SAMPLES,L-P
%238 SKY, POWERPROFILES

%12 NOISE INJECTION SAMPLES
460 NOISE INJECTION SAMPLES
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%
% GEN-S5-T-SUBR:LIST
%
NEXT

CALL SUBRLIST1

NEXT
CALL SUBRLIST1

NEXT
CALL SUBRLISTZ2

NEXT
CALL SUBRLISTZ2

NEXT
RSAPM (RESTARTADD) =RSAFM (RESENTRYS)
GOTO SCANCOUNT

NEXT

SUBROUTINE SUBRLIST1

RSAPM (RESTARTADD) =RSAPM (RESENTRYZ2)
RELOAD LCR3

RELDADVALUE=RSAPB (LPNOGATES)

CALL LONGPULSE

NEXT

RSAPM (RESTARTADD) =RSAPM (RESENTRY3J)
RELOAD LCR3

RELOADVALUE=RSAPB (USERREG1)

CALL LONGPULSE

NEXT

RSAPM (RESTARTADD) =RSAPM (RESENTRY4)
RELOAD LCR3

RELDADVALUE=RSAPB (USERREG2)

CALL LONGPULSE

NEXT

RSAPM (RESTARTADD) =0

RELOAD LCR1
RELOADVALUE=RSAPB (USERREG3)
CALL POWERPROFILE1L

NEXT

RSAPM (RESTARTADD) =0

RELOAD LCR1
RELOADVALUE=RSAPB (USERREG3)
CALL POWERPROFILE1
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NEXT
RETURN

NEXT

SUBROUTINE SUBRLISTZ2

RSAPM (RESTARTADD) =RSAPM (RESENTRY3)
RELOAD LCR3

RELOADVALUE=RSAPB (USERREG1)

CALL LONGPULSE

NEXT

RSAPM (RESTARTADD) =RSAPM (RESENTRY4)
RELOAD LCR3

RELOADVALUE=REAPB (USERREG2)

CALL LONGPULSE

NEXT

RSAFM (RESTARTADD) =RSAFM (RESENTRY2)
RELOAD LCR3

RELOADVALUE=RSAPB (LFNOGATES)

CALL LONGPULSE

NEXT

RSAPM (RESTARTADD) =@

RELOAD LCR1
RELOADVALUE=RSAPE (USERREG3)
CALL POWERPROFILE1L

NEXT

RSAPM (RESTARTADD) =0

RELOAD LCR1
RELOADVALUE=RSAPB (USERREG3)
CALL POWERPROFILE1

NEXT
RETURN

A’///‘;
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ARARA AL AL LKLV L AL LA LSRN LR R R L AR AR ER LA LA L UEL LA LA ARK L LA L AL LA ALAL Y

%
%
%
A
%
A
A
%
%
A
%
A
%
%
%
4
%
%
yA
%
%
A
%
%
%
%
%
“
%

CORRELATOR PROGRAM GEN-F-L1U1P2:CLAN
Ry ey

' THIS PROGRAM CONTAINS THE FOLLOWING SUBROUTINES:

LONGPULSE
UNIPROG
POWERPROFILE1L
POWERPROF ILE2

GEN-SERIES OF CORRELATOR PROGRAMS

GEN-A-L3P2
GEN-B-L2U1P3
GEN-C-L1U2P3
GEN-D-U3P2
GEN-E-L1UIPZ
GEN-F-L1U1P2
GEN-G-L1U1S1P2
GEN-REMOTE

THE PROGRAM NAME SHOWS THE SUBROUTINE STRUCTURE,
GEN-REMOTE IS A REMOTE STATION ORIENTED PROGRAM.

PROGRAM DEVELOPMENT: TAUNO TURUNEN
EISCAT HR , MARCH 1985

A
“
%
“
%
%
A
%
%
A
A
“
%
A
A
%
4
A
“
%
#
%
A
“
“
%
%
%
%

RRLRL LR L LIS LRI IR LL LR LR LRI LR L LA L LLALRELCL LA L VLA LALLL LY,

%
%
%
A
%
%
%
A

TABLE OF INDEXES
PSR 2 2 I R

APB STACK REGISTERS

###_ONGPULSE APB STACK*##

INDEX VOLUMEINDEX=15,LPLAGMAX=14,LPNOGATES=13

“
%

###UNIPROG APB STACK#*#*#*

INDEX UNILAGINCR=12,UNILAGMAX=11,UNINOSAMPLES=10

%
%

###POWERPROFILEL APB STACK#*%*#

INDEX PPNOSAMPLES1=9

%
%

###POWERPROFILE2 AFPB STACK*##

INDEX PPNOSAMPLES2=8

A

AT



4

INDEX
INDEX
INDEX
INDEX

INDEX
INDEX
INDEX
%
4
INDEX
“
%
4
%
%
%
INDEX
INDEX
INDEX
%
%
INDEX
%
%
INDEX
INDEX
A
%
INDEX
WRLLL
A
%
%
A
%
YA SA
“
%4
%
“
%

A1
o /12

###FREE REGISTERS FOR USER#»*#
USERREG1=7
USERREG2=6
USERREG3=3
USERREG4=4

###TEMPORARY STORAGES USED BY PROGRAM###
LAGINDEXCOUNTER=3
BUFFERJUMPER=2 % USED ALSO AS UNILAGMAX REGISTER
BUFSTARTADD=1

###CONSTANT (=1) %¥%%
APBINCR=0

APM STACK REGISTERS

*##PROGRAMMABLE RESULT MEMORY START ADDRESSES#¥*#
RESENTRY1=15,RESENTRY2=14 ,RESENTRY3=13,RESENTRY4=12
RESENTRYS=11,RESENTRY&=10,RESENTRY7=7 ,RESENTRY8=8
RESENTRY9=7 ,RESENTRY10=6,RESENTRY11=5,RESENTRY12=4

##% LONGPULSE (SAME VALUE AS IN LPLAGMAX) #¥**
LPMAXLAG=3

### TEMPORARY STORAGES USED BY PROGRAM#*#*#
RESULTJUMPER=2
RESTARTADD=1

##%#CONSTANT (=1) #%%
APMINCR=0
LU LR LA AL ALARL T AL A L LA LA L N UL L RLLLL AL LA LL AR LLRLRLLLLLT,
%
COMPILER SUBSTITUTES THE NAMES WITH THE GIVEN NUMBERS %
“

EXAMPLES: RSAPB (LAGMAX)=RSAPB(14) 4
RSAPM (APMINCR) =RSAPM (@) “
“

LAAL LA AL AL AL LS AL RIS AL AL A LRI LT LE LSS LA LN LD L L LT

MAIN PROGRAMS CONTAIN USUALLY A LIST OF SUBROUTINE CALLS.
THE NUMBER OF FREE PROGRAM STEPS IS 17.

THE FOLLOWING FOUR DIFFERENT SUBROUTINE CALLS ARE ALLOWED:



%
%
%
%
%
%

%
A
4
rA
%
%
%
%
%
%
7%
%
A
A
%
%
%
“
A
A
%
A

08 Allig

NEXT

RSAPM (RESTARTADD) =RSAPM (RESENTRYN)

RELOAD LCR3

RELOADVALUE=(ANY SUITABLE REGISTER COMBINATION)
CALL LONGPULSE

NEXT

RSAPM (RESTARTADD) =RSAFPM (RESENTRYN)

RELOAD LCR1

RELOADVALUE= ( ANY SUITABLE REGISTER COMBINATION)
CALL UNIPROG

NEXT

RSAPM (RESTARTADD) =RSAPM (RESENTRYN)

RELOAD LCR1

RELOADVALUE= (ANY SUITABLE REGISTER COMBINATION)
CALL POWERPROFILE1 ¢

NEXT

RSAPM (RESTARTADD ) =RSAPM (RESENTRYN)

RELOAD LCR1

RELOADVALUE= (ANY SUITABLE REGISTER COMBINATION)
CALL POWERPROFILEZ2

RARULL LIRS LN LR L ARG LG LL LT RN AR LA L AL LL LR LA LS LA LA LT

%
%
%
A
%
%
%
%
%
%
“
%
“
%
rA
%
%
%
“
%
%
A
%
%

NOTE: IN THE EXAMPLE COMMANDS THE RESENTRYN MUST BE SOME
OF THE POSSIBILITIES RESENTRY1,RESENTRYZ2...RESENTRY11.

NOTE: THE RSAPM(RESTARTADD)=.... CAN ALSO BE IN THE FORM:
RSAPM (RESTARTADD) =@

NOTE: THE RSAPM(RESTARTADD)=.. SPECIFIES THE FIRST RESULT
MEMORY ADDRESS USED BY THE CALLED SUBROUTINE. THIS
ADDRESS IS GIVEN BY THE USER IN THE CORRELATOR APM
STACK LOADING. REGISTERS APM(15)-APM(4) HAVE BEEN
RESERVED FOR RESENTRIES RESENTRY1....RESENTRY12.

NOTE: IF THE LINE RSAPM(RESTARTADD)=... IS OMITTED ,THE
DEFAULT VALUE IS THE FIRST HIGHER ADDRESS WHICH WAS NOT
USED BY THE PREVIOUS SUBROUTINE AND IN CASE OF THE FIRST
SUBROUTINE CALL THE DEFAULT VALUE IS ZERO.

NOTE: IN LONGPULSE ROUTINE ONE HAS TO LOAD LCRI TO A VALUE
WHICH GIVES THE NUMBER OF GATES. ONE REGISTER IS
RESERVED FOR THE PURPOSE AND THE OTHER VALUES HAS TO BE
FORMED BY SUITABLE ARITHMETICAL OPERATIONS IN SIMILAR
WAY AS IN THE UNIPROG GATING EXPLAINED BELOW.



%

%
%
%
A
4
4
%
4
%

%
%
“
“
%
“
%
4
%
“
“
“

%

rA
%

“
rA
%
%
%
%

%
%
%
“
%
%
rA
%
%
%
%

NOTE:

NOTE:

NOTE:

NOTE:

At
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IN UNIPROG AND POWERPROFILE CALLS ONE HAS TO
LOAD LCR1. THIS COMMANDS THE GATING.

THE VALUE GIVEN IS THE NUMBER OF RANGES ADDED
TOGETHER -1. THUS A COMMAND

RELOAD LCR1
RELOADVALUE=@

CAUSES "NORMAL" POWERPROFILE AND UNIPROG
BEHAVIOUR. ONLY ONE REGISTER IS FREE

AND THUS ONE HAS TO USE REGISTERS IN
"CLEVER" WAY.

EXAMPLES:

RELOADVALUE=0

RELOADVALUE=RSAFPB (USERREG3)
RELOADVALUE=RSAPB (APBINCR)

RELOADVALUE=RSAPB (UNILAGINCR) ~-RSAPB (APBINCR)

THE LAST EXAMPLE, WHEN USED IN

CONNECTION WITH UNIPROG CALL, CAUSES THAT

THE OUTPUT IS ALWAYS EQUIVALENT TO LAGINCREMENT=1
DATA. SO THE ROUTINE ADDS THEN ALTITUDE

GATES TOGETHER AND LAGINCREMENT GIVES THE NUMBER
OF ADDED GATES. WHEN USED IN CONNECTION WITH
UNIPROG AND THE MODULATION IS PULSE CODE,

THE LAGINCREMENT DIVIDED BY THE NUMBER OF
RANGEGATES ADDED TOGETHER MUST BE AN INTEGER.
OTHERWISE THE DATA CANNOT BE DECODED.

THE SUBROUTINES ARE WRITTEN SO THAT THE
FIRST SAMPLE TAKEN FROM THE BUFFER MEMORY
IS IMMEDIATELY AFTER THE LAST USED SAMPLE
OF THE PREVIOUS SUBROUTINE. THE FIRST
SUBROUTINE ASSUMES BUFFER MEMORY START
ADDRESS TO BE ZERO.

THE LAST CALLED SUBROUTINE MUST USE THE HIGHEST
ADDRESSES OF THE RESULT MEMORY. IF THIS RULE IS
VIOLATED, SFECIAL ARRANGEMENTS HAS TO BE DONE FOR
GETTING SCANCOUNT INTO A CORRECT ADDRESS.
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ALALA RS LRI S AL LS LA LR LIR LA ALL AL L AL L LL T L LR CNRRA L LR R LKL LALLLLT,
KALLAAKLAL LA AT AL AL LT RLLL LI L CRL KL LLLLLARLL N RRLRLL IR R RL R ARLLLLLT,
AALA THE FIRST COMMAND IS THE IDLE LOOP RALRLARLAL LA AL LLLLLY
LLL% DO NOT TOUCH THIS COMMAND UALALLATARL AL AL LKL
UL LLSAIL LT AL AL LS AR LL LA LN L LU LS LLLLKR LR L L ARLLLLL R LLALL LS
ALLALA AL LTS L LS LS AT LR AL AL AT L AL LSS AL AR LR L LA L L LR L LA LL LA LA LT,
“

%

LOCATION=@

LABEL ZERO

RSAPB (BUFSTARTADD) =0

RSAPM (RESTARTADD) =@

CONTINUE %THE IDLE LOOP ENDS HERE

RALA LAl LRI A LA LI LTI ALEL LR L LA L LA L LSRR LGN CL L L LU LR R L LLLL LAY
RALALAR AL AL LTI SALRL LT AL AL LR AL NS L LU LA LL KRNI R EL LR LR L LA LLL LD
%%%% THE MAIN PROGRAM DEFINED BY THE USER BEGINS HERE ZZALZL%LZ
ULLALLALLY%A GET-STRING LABEL MAINPROG  AAAUALALARLLLLLLLLLLALL
kLAl AA LTS LASSS AL L LA ALK L LA R LU L AL L LSS LL L LTI LLL LA LI L LLL AL LAY,
%

NEXT

CALL SUBRLIST1

NEXT
CALL SUBRLIST1

NEXT
CALL SUBRLIST2

NEXT
CALL SUBRLIST2

NEXT
RSAPM (RESTARTADD) =RSAPM (RESENTRYS)
GOTO SCANCOUNT

NEXT

SUBROUTINE SUBRLISTI1

RSAPM (RESTARTADD) =RSAPM (RESENTRYZ2)
RELOAD LCR3

RELDADVALUE=RSAPB (LPNOGATES)

CALL LONGPULSE

NEXT

RSAPM (RESTARTADD) =RSAPM (RESENTRY3)
RELOAD LCR3

RELOADVALUE=RSAFPB (USERREG1)

CALL LONGPULSE
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NEXT

RSAPM (RESTARTADD) =RSAPM (RESENTRY4)
RELOAD LCR3

RELOADVALUE=RSAPB (USERREGZ2)

CALL LONGPULSE

NEXT

RSAPM (RESTARTADD) =2

RELOAD LCR1
RELOADVALUE=RSAPB (USERREG3)
CALL POWERPROFILE1

NEXT

RSAPM (RESTARTADD) =@

RELOAD LCR1
RELOADVALUE=RSAPB (USERREG3)
CALL POWERPROFILE1

NEXT
RETURN

NEXT

SUBROUTINE SUBRLISTZ2

RSAPM (RESTARTADD) =RSAPM (RESENTRY3)
RELOAD LCR3

RELDADVALUE=RSAPB (USERREG1)

CALL LONGPULSE

NEXT

RSAPM (RESTARTADD ) =RSAPM (RESENTRY4)
RELDAD LCR3

RELOADVALUE=RSAPB (USERREGZ2}

CALL LONGPULSE

NEXT

REAPM (RESTARTADD) =RSAFM (RESENTRY2)
RELOAD LCR3

RELOADVALUE=RSAPB (LLPNOGATES)

CALL LONGPULSE

NEXT

RSAPM (RESTARTADD) =@

RELOAD LCR1
RELOADVALUE=REAPB (USERREG3?
CALL POWERPROFILE1

NEXT

RSAFM (RESTARTADD) =@

RELOAD LCR1
REL.OADVALUE=RSAPB (USERREG3)
CALL POWERPROFILE1

AT/a4



NEXT

RETURN

“
RRALIASASLTALALA TR LR E LSRN R RLAL L LA L LA LA LR CACACL RO LR LRLLY
LAA LSRG AL SLALLS AL LT AL LLL LA L LL LRSI LI LA LALLM RERL AL L RS AL LAY
UALLY. THE USER'S MAIN PROGRAM ENDS HERE AUAALULLLLLLAALLLLLLLLY
%%A%L%4%A POSSIBLE USER'S SUBROUTINES MUST AUALUALALLALLLLAL LA LAY
LAA%LY START AFTER THE SCANCOUNT COMMAND AAALAALLRLLALLLLALLLLLT
LULT AL AL AL LT ALL AL S LI LAL LA LTSRS L LA LA AL LR LR LR L AR LL AR LA UL LT LN
Rl ALLSALLALLL AL AT LA LA LA LAL LI L AL AR A LA LA A LR AL LT AL LRI LA LLL LT
4 %
“ SCANCOUNT TERMINATES THE COMPUTATION AND %
% MUST BE THE FIRST COMMAND AFTER THE USERS %
4 MAIN FPROGRAM A
% A
LULLLLALAL AL AL LS L LTRSS LR KRR EL AL L LA LSRRI AL TS AL LI LT AL AL L LAY
UL LA LASLL LA AL AL L AL L LA LL LS AL L L LL LSS LALL LS AL LA LA T LL LKL LLAL LT T
NEXT

LABEL SCANCOUNT

RESMEMADDRESS=RSAPM (RESTARTADD)

CHANNEL1=-1 CHANNELZ=-~1

INITIALIZE ACCUMULATOR

LOAD IREG

STORE OREG

STROBE IREG

GOTO LASTCOMMAND

%

Z

P A A S Y Y Y Y Y Y Y Y A Y Y A A A X Y Y A A X Y X Y YA A A
KA LRI LA L LT LA AL LR L L LR LRL AL L LA LLLL AL LT L L L AL L LA LA LT LT LKL %
A A
A THE SUBROUTINES WRITTEN BY THE USER MUST START HERE “
YA “
Ll AL LA L L LA L LA A R NI LR LL L L L G A LR LA L LL L LRV L LN L LR T ALY
LR LR LS AL LSRR LR LR LR L LR R IR RN LR VLR L LR LG O R R RLLL LT
A

%

CALLLL LA LIS LA AL NS RLT RN R LR LD L LI LA CL LA L LKL LN LA LN RL AL LT LT
IR LA A AL AL LI LRI L L LL L LA L L LD LA LA LA L AL AL LI AL LT AL LY
“ “
A EVERYTHING WRITTEN BY THE USER MUST END HERE “
% %
CIRLLLEAL LA L LA LA LL L L LA L L LGSR LL L LA AL LS L LA LI LT L CL L LA L LT L LA LT
BARRLRL AL LA L AL CA L LA LL LR LT LRL LA LA L AL T AL L AU LT R R LKL L L%
LA L ALL LA LLL LSS AL LT AL L LN LT AL LN L LN AL LA LRSI AR LA LLLLA T
% %
% SUBROUTINE UNIPROG %
% A
AL LSRR LTS LA L VAL RS AL LL LA LN LA LR LL R LR L LR LL R LT LY
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NEXT

SUBROUTINE UNIPROG

RSAPB (LAGINDEXCOUNTER) =@
CONTINUE

NEXT

LCi=LCR1

RELOAD LCR3
RELOADVALUE=RSAPB (UNILAGMAX)
CALL DUMMY

NEXT

LC3=LCR3
LCR1A=LC1 -
CONTINUEANDPUSH

NEXT
LABEL UNICOMPUTE
RELOAD LCR2

RELOADVALUE=RSAPB (UNINOSAMPLES) —-RSAFB (LAGINDEXCOUNTER)

GOTO UNIENTRY

“

ULLILA LRI LA IAL ARG A LT LRLARL AL AR AL RRE RN R LE RIS L L CLLIRL L

%

%
%
%
%
%
%

SRSl IS Sl I AL T AL LA LR LA LTI R LR LI LR L LR L AL L LI LT ALK LLT

%4 FPROGRAM UNIFROG

A LC1=GATINGCOUNTER

A LC2=PRODUCT COUNTER
4 LC3=LAG COUNTER

“

NEXT

LABEL UNIENTRY

CONTINUE

NEXT

LC2=LCR2

GAFPB=RSAPB (BUFSTARTADD) —~RSAFB (AFBINCR)

GAPM=RSAPM (RESTARTADD)
CONTINUE

NEXT
LABEL SAMERESADDRESS

BUFFERADDRESS=GAPB+RSAPB (APBINCR)

GAPB=BUFFERADDRESS
RESMEMADDRESS=RAPM
QAFM=RESMEMADDRESS
CHANNEL 1=X#X+Y#Y
CHANNEL2=Y#X—-X#Y

IF (LC2=@) THEN GOTO LAGTEST ELSE CONTINUE

ATlaa
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NEXT

LABEL PROFILECOMPUTE
BUFFERADDRESS=QAPB+RSAPB (LAGINDEXCOUNTER)
RESMEMADDRESS=QAPM

RSAPM (RESTARTADD) =RESMEMADDRESS

CHANNEL 1=0LDVALUE#*X+0LDVALUE#Y

CHANNEL 2=0LDVALUE#*X-0OLDVALUE*Y

INITIALIZE ACCUMULATOR

STROBE IREG

LOAD IREG

STORE OREG

LC2=LC2-1

IF (LCi=8) THEN LC1=LCR1A ELSE LCi=LCi1-1
IF (LC1=@) THEN CONTINUE ELSE GOTO SAMERESADDRESS

NEXT

LABEL NEXTRESADDRESS
BUFFERADDRESS=QAFPB+RSAPB (APBINCR)
RAFB=BUFFERADDRESS
RESMEMADDRESS=RAPM+RSAFM (APMINCR)
RAPM=RESMEMADDRESS

CHANNEL 1=X#X+Y*Y

CHANNEL2=Y#X—-X#Y

IF (LC2=8) THEN CONTINUE ELSE GOTO PROFILECOMPUTE

NEXT

LABEL LAGTEST

QAFPB=RAPB+RSAPB (LAGINDEXCOUNTER)
CONTINUE

NEXT
LC3=LC3-1
RSAPM (RESTARTADD ) =RSAPM (RESTARTADD) +RSAPM (APMINCR)

AT/

RSAFB (LAGINDEXCOUNTER) =RSAPB (LAGINDEXCOUNTER) +RSAPB (UNILAGINCR)

IF (LC3=8) THEN GOTOANDPOP UNIFINISH ELSE GOBACK

Ll LRI Ll LRI L LN LA L AL LT LS AL L DAL LS LR LA T A AR AL LA AL ALY,

%

A FROGRAM GEN-DUMP

%

% THIS PROGRAM CONTROLS THE DATA TRANSFER
A AND MUST START FROM THE LOCATION 32

%

“
%
A
%
%
A

WL UL Ll RSN N RIS LA AL LA L LL IR L LA LA ALY A LA LA AL LSS LL T

A

%

“

LOCATION=32
RELOAD LCR1
RELOADVALUE=DATAI
PREPARETRANSFER
CONT INUE
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NEXT
PREPARETRANSFER
CONTINUE

NEXT

TRANSFER STATUSWORD
QAPM=-RSAPM (APMINCR)
LC1=LCR1

CONT INUE

NEXT
TRANSFER CONTROLWORD
CONTINUE :

NEXT

LABEL TRANSFERLOOP

LC1=LC1-1
RESMEMADDRESS=RAPM+RSAFM (APMINCR)
QAPM=RESMEMADDRESS
GAPB=RSAPB (APBINCR) +RSAPB (APBINCR}
TRANSFER CHANNEL.1 MSPART

CONTINUE

NEXT

RESMEMADDRESS=AFPM

TRANSFER CHANNEL1 LSPART
RELOAD LCR2
RELOADVALUE=RAPB+RSAPB (APBINCR)
CONTINUE

NEXT

RESMEMADDRESS=RAPM
TRANSFER CHANNELZ2 MSPART
CONTINUE

NEXT

RESMEMADDRESS=8APM

TRANSFER CHANNEL2 LSPART

LC2=LCR2

IF (LC1=@) THEN CONTINUEANDPUSH ELSE GOTO TRANSFERLOOP

NEXT

LABEL FINISHLOOP

LC2=LC2-1

FINISHTRANSFER

SET START-EXPERIMENT MODE

IF (LC2=@) THEN GOTO ZERO ELSE GOBACK
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4
% THE TRANSFER ROUTINE ENDS HERE

KU LSS AL LSS LA AL LA LT LT LR LR LA L LA LR A L LT LR L LR LA LTL AL LAY

“ A
4 THE LAST COMMAND OF UNIPROG %
” A
LR AR L L L L LT LR LR LR LSRR L LR LN L L LA LT LA LT R LRLLLRL LKL LT L
NEXT

LABEL UNIFINISH
RSAPB (BUFSTARTADD) =GQAPB

RETURN

A

“

TR LR R L LN R R R LR L LA LA L LLR LR AR AL L LA LALLL
A %
“ SUBROUTINE DUMMY “
% A
P Y AN Y Y YA Y A Y Y Y Y Y Y Y Y Y X Y Y A X A X Y Y A Y A A A Y Y A X A Y A Y Y X A Y
%

NEXT

SUBROUTINE DUMMY

RETURN

“

CRL R LN R LR LR L LR LR LR L LA LR LU AL LA L LA LA LI L LA LLL LA L L LKL LT
% %
“ %
% SUBROUTINE POWERPROFILE1 %4
% %
“ LC1=GATING COUNTER %
YA LC2=5AMPLE COUNTER A
% %
AR R R R R R R RSB LR RN LR N R LR DL LR L LTS LAL LT LA LR KL L LR LRL LA
%

NEXT

SUBROUTINE POWERPROFILEL
RSAPB (LAGINDEXCOUNTER) =@
CONTINUE

NEXT

LC1=LCR1
RELOAD LCR3
RELOADVALUE=@
CALL DUMMY

NEXT

LCR1A=LC1

LC3=LCR3

RELOAD LCR2

RELOADVALUE=RSAPB (PPNOSAMPLES L)
GOTOANDPUSH UNIENTRY
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%
LT L LR AA AL LRI L AL LA L TAAL ALK LS I ALAL LT DAL LELLAALLAAAAKL L ALK
% - “

? SUBROUTINE POWERPROFILEZ2 ?
é LC1i=GATING COUNTER ; !
? LC2=SAMPLE COUNTER ?
?ZZZZZZZZZZZZZZZZZ%ZZZZZZZKZZZZZZZZZZZZZ%ZZZZZZZZZ%ZZZZZZZZZQ
ﬁEXT -

SUBROUTINE POWERFROFILEZ2
RSAPB (LAGINDEXCOUNTER) =@
CONTINUE

NEXT

LC1i=LCR1
RELOAD LCR3
RELOADVALUE=@
CALL DuUMMY

NEXT

LCR1A=LC1

LC3=LCR3

RELOAD LCR2

RELOADVALUE=RSAFPB (PFNOSAMPLESZ)
GOTOANDPUSH UNIENTRY

ra
%
Ul VLRI LT AL T LAY LA AR L LR AL LA RL LT LRI LR LA LN RN AL LR LN LT

% %
% SUBROUTINE LONGPULSE %
“ A
% THIS SUBROUTINE COMPUTES THE TARGET ACF ESTIMATE %
% IN THE WAY THAT THE ABSOLUTE VOLUME BOUNDARIES ARE A
% THE SAME AT ALL LAGS %
% %
“ LC1=LAGCOUNTER 4
% LC2=VOLUME INDEX CONTROL COUNTER “
“ LC3=GATE COUNTER “
% A
LRI LA L AL LI AL AL IS AL LA L LL AL LA KRR LL LA AL LN L L RLLL LN L LA LLLT
%

NEXT

SUBROUTINE LONGPULSE
RSAPB (BUFSTARTADD) =RSAPB (BUFSTARTADD) +RSAFB (LPLAGMAX)
CONTINUE
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NEXT

LC3=LCR3

RELOAD LCR1
RELOADVALUE=RSAPB (LPLAGMAX)
CALL DUMMY

NEXT

LC1=LCR1

RSAFM (RESTARTADD) =RSAPM (RESTARTADD) —RSAPM (AFMINCR)
RELOAD LCR2

RELOADVALUE=RSAPB (VOLUMEINDEX)

LC3=LC3-1

IF (LC3=@) THEN RETURN ELSE CALL DUMMY

NEXT

LABEL LONGGATE

LC2=LCR2

LCR1A=LC1

RSAPB (BUFSTARTADD) =RSAPB (BUFSTARTADD) +RSAFPB (VOLUMEINDEX)
RSAPM (RESTARTADD) =RSAPM (RESTARTADD) +RSAPM (APMINCR)
CONTINUE

NEXT

RSAFB (BUFFERJUMPER) =—RSAPB (APBINCR)
RSAPM (RESULTJUMPER) =—RSAPM (APMINCR)
CONT INUE

NEXT

LABEL FULLROW

BUFFERADDRESS=RSAFB (BUFSTARTADD) ~RSAPB (APBINCR)
QAPB=BUFFERADDRESS

RESMEMADDRESS=REAPM (RESTARTADD)
APM=RESMEMADDRESS

CHANNEL 1=X#X+Y#*Y

CHANNEL2=Y%#X~X#Y

LCRi1A=LC1

LCi=LC1~-1

LC2=LC2-1

INITIALIZE ACCUMULATOR

STROBE IREG

LOAD IREG

STORE OREG

IF (LCi=@) THEN GOTO TESTWHATTODO ELSE CONTINUE
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NEXT

LABEL COLUMNLAG
BUFFERADDRESS=QAPB+RSAPB (APBINCR)
QAPB=BUFFERADDRESS
RESMEMADDRESS=GAPM+RSAPM (APMINCR)
RAPM=RESMEMADDRESS

LC1=LC1-1

CHANNEL 1 =OLDVALUE*X+0LDVALUE#Y
CHANNEL 2=0LDVALUE *X-OLDVALUE*Y
STROBE IREG

LOAD IREG

STORE OREG

IF (LC1=@) THEN CONTINUE ELSE GOTO COLUMNLAG

NEXT

LABEL TESTWHATTODO

LC1=LCR1A

RESMEMADDRESS=QAPM-RSAPM (LPMAXLAG)
GAPM=RESMEMADDRESS

REAFB (BUFSTARTADD) =RSAPB (BUFSTARTADD ) ~RSAPB (APBINCR)
IF (LC2=@) THEN CONTINUE ELSE GOTO FULLROW

NEXT

LABEL ROWPIECE

LC1=LC1-1

RSAPM (RESULTJUMPER) =RSAPM (RESULTJUMPER) +RSAPM (APMINCR)
RSAPB (BUFFERJUMFPER) =RSAPB (BUFFERJUMPER) +RSAPB (APBINCR)
IF (LC1i=@) THEN GOTO NEXTGATE ELSE CONTINUE

NEXT

LCRiA=LC1

BUFFERADDRESS=RSAFB (BUFSTARTADD) ~RSAPB (AFBINCR)
2APB=BUFFERADDRESS

CHANNEL 1=X#X+Y#Y

CHANNEL2=X*Y-Y#X

CONTINUE

NEXT

BUFFERADDRESS=QAPB+RSAFB (BUFFERJUMPER)
GAPB=BUFFERADDRESS
RESMEMADDRESS=RSAPM (RESTARTADD) +RSAPM (RESUL TJUMPER)
RAPM=RESMEMADDRESS

CHANNEL 1=0LDVALUE*X+0LDVALUE#*Y

CHANNEL 2=0LDVALUE*X—-0LDVALUE*Y

GOTO COLUMNLAG
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NEXT

LABEL NEXTGATE

LC1=LCR1

LC2=LCR2

RSAPB (BUFSTARTADD) =RAPB+RSAPB (VOLUMEINDEX)

RSAPM (RESTARTADD) =RSAPM (RESTARTADD) +RSAPM (LPMAXLAG)
LC3=LC3-1

IF (LC3=@) THEN CONTINUE ELSE GOTO LONGGATE

NEXT

RSAPB (BUFSTARTADD) =RSAPB (BUFSTARTADD) +RSAPB (LPLAGMAX)
RSAPM (RESTARTADD) =RSAPM (RESTARTADD) +RSAPM (APMINCR)
RETURN

%

AL AL LR ALL DL LA AL LB LS ST LT L LT AL L RLAALL AR LT LLALLARLLLILLLLLLLLT.
- %

% THE LAST COMMAND TERMINATES THE COMPUTATION AND %
% THE CORRELATOR GOES TO THE IDLE LOOP %
% A
AL AL LAl L AL LTt RS Lt LA AL AL AL AL LT LALTILA AL L AL L LR LA L LLLTL L,
“4

%

NEXT

LABEL LASTCOMMAND

STROBE IREG

SET CONTINUE-EXPERIMENT MODE
G0TO ZERO

END
LS AL LA L LA LTSS LA LR LA LA LALAS LA LA LRI LA LA L AL LRI LA LA LLLLLLLLLL

A1/%
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NOT&:. GEN-A | IDENTVCAL To <¢P-2-D

LAAALLLLLY,
%%

%%

%%

%%

o

%%

%

%%

%

%

%t
RALRUTLLAK
%
WRI-EXP-HE
%
WRITE-FILE
WRITE-FILE
WRITE-FILE
WRITE-FILE
%
OFFSET-PFD
%

%

%

%

¥
SET-SIG-FA

KL AL LIl AL AL SR LR LA L LA LRLRUL LA LA LA L L AL L LL AL RN LRI LI LR L L LT LLh

EXPERIMENT CP-3-D,FILE CP-3-D-R:ELAN
BASED ON ALGORITHM GEN-3

WRITTEN BY TAUNO TURUNEN
EISCAT HR, APRIL.1985

GEOMETRICAL PROPERTIES IDENTICAL TO THOSE IN CP-3-C
AL LT AL AL TL LS AR RCL AL LA CL LN EL AL LT LULLARL AL LA LL L L AL RELL AL LD LT
AD

(EXP)CP-3-D-R:ELAN

(EXP)CP-3-D-R: TLAN
(EXP)CP-3-D: DESC

(EXP)CP-3~D-R-SUBR:LIST
-376 %+35-390+21 = DELAY TO ILLUMINATE THE VOLUME
—-START EARLIER TO TAKE 4@ SAMPLES
+FILTER DELAY
%ZNOTE: IN TLAN FILE THE START SAMPLING IS AT
AN INSTANT OF RFON FOR THE PULSES
TH ALLX

SET-SIG-ATT X,5

%
POINT-REF-
%
&K SET-POL

HE 344.9,28.0,325.0

70,0

&S SET-POL 87,0

%
%
LDAD-RADAR
%
TRANSF-NOI
%
DEF-FLUKE-
DEF-FLUKE-
%
SET-LO1L 1@
%
A
%
SET-CH-ATT

(EXP)CP-3-D-R
SE-CONT RAD

POS 3,Y
POS 4,Y

53.3

3,4

SET-CH-ATT 4,4
SET-CH-ATT 5,4
SET-CH-ATT 6,4

%
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SET-L02 3,94.0
SET-L02 4,93.5
SET-L02 5,93.0
SET-LO2 6,92.5

%

SET-FILTER 3,BU,25.0
SET-FILTER 4,BU,25.0
SET-FILTER 5,BU,25.0
SET-FILTER &,BU,25.@

4
SYNC -120
%

]

LOAD-CORR (EXP)CP-3-D-R:CCOD

ZMASTER PROGRAM GEN-REMOTE:CLAN

SYNC 4@

A

SET-CO-APB 15,-18 ZMARGINL (OVERLAFPPING)
SET-CO-APB 14,30 ZSIGSAMPLES1

SET-CO-APB 13,208 ZLAGMAX1

SET-CO-APB 12,3 ZCALGATES1

SET-CO-APB 11,138 “ZCALPRODUCTS!

SET-CO-APB 10,0 ZMARGINZ2

SET-CO-APB 9,0 ZSIGSAMPLES2

SET-CO-APB 8,20 ZLAGMAX2

SET-CO-APB 7,3 ZCALGATES?2

SET-CO-APB 64,130 %CALPRODUCTSZ

SET-CO-APB 2,5 ZUSERREG (NUMBER OF SIGGATES)
SET-CO-APB 0,1 %“APBINCR

%

%

SET-CO-APM 15,@ ZRESENTRY1, SIGNAL PART 2+1+2 ACF:S
SET-CO-APM 14,105 4ZRESENTRY2, CALIBRATION ACF:S (3)
SET-CO-APM 13,148 4SCANCOUNTADDRESS

%

SET-CO-APM 3,208 ZLPMAXLAGL

SET-CO-APM 2,20 ZLPMAXLAG2

“4

SET-CO-APM 0,1 ZAFPMINCR

Z
%

SET-CO-DATAIO 149

A
“
SYNC 40
A

SET-BUF-M 3,0000
SET-BUF-M 4,2020
SET-BUF-M 5,1010
SET-BUF-M &,30830

%
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%
SET-ADC-INT 3,18
SET-ADC-INT 4,10
SET-ADC-INT 5,10
SET-ADC-INT 6,10
%
% .
START-CORR
SYNC 3@
START-RADAR 10,1,10
%
ENABLE-DMA
%
7%
START-RADAR 10,1,10
%
ENABLE-DMA
%
SYNC 1@
%
%
% W HHHHH% ANTENNA MOTION LODP 3% % 353 3 5% 3 3 96 % 3 3 3 %
% FROM CP-3-C
%
%
po -1

START-REC-DATA

SYNC 100
%
POINT-REF-H

344,.9,35.1,325.0

% &K SET-POLAR 98,0
&S SET-POLAR 86,0

SYNC 20

SYNC 2@
“%

POINT-REF-H
% KSET-POLAR
&5 SET-POLAR

SYNC 20

SYNC 9@

%

POINT~REF-H
&K SET-POLAR
%5 BSET-POLAR

SYNC 20

SYNC 90
“

POINT-REF-H
%K SET-POLAR
&85 SET-POLAR

SYNC 2@

SYNC 9@

%

344,9,43.7,325.0
°0,0
8%5,~1

344.9,54.0,325.0
°0,~1
83,-3

344.9,65.4,325.0
90,-2
82,-6

%

rA

%

%

4

%

%

Ti

T2

T3

T4

TS

i0@ SEC

20+ 9@ GSEC
POLAR NOT CHANGED

ANTENNA MOTION
20+ 90 SEC
POLAR NOT CHANGED
ANTENNA MOTION
20+ 90 SEC
ANTENNA MOTION
20+ 70

SEC

ANTENNA MOTION



POINT-REF-H
&K SET-POLAR
&S SET-POLAR

SYNC 20

SYNC 8@
rA

POINT-REF-H
&K SET-POLAR
&8 SET-POLAR

SYNC 20

SYNC 120
4

POINT-REF-H
&K SET-POLAR
&5 SET-POLAR

SYNC 20

SYNC 80
“

POINT-REF-H
7% &KSET-POLAR
&5 SET-FPOLAR

SYNC 20

SYNC 7@

SET-POLAR

SET-POLAR
SYNC 30

SYNC 120

SET-POLAR
SYNC 120

POINT-REF-H
&K SET-POLAR
&5 SET-POLAR

SYNC 3@

SYNC 70
A

POINT-REF-H
&K SET-POLAR
%5 SET-POLAR

SYNC 2@

SYNC 8@

“

POINT-REF-H
% KSET-POLAR
&S SET-POLAR

SYNC 2@

SYNC 2@

%

114

344.9,77.5,325.0
90,-4
84,-10

344.9,90.0,325.0
90,-5
90,~-15

164.9,77.9,325.0@
98,6
1@1,-17

164.9,66.7,325.0
90, -6
114,-14

CHANGE-REF-SITE KIRUNA,,,,
POINT-REF-H 3.9,89.99,325.0
POINT-REF-H 164.9,57.1,325.8 %
%

50,0
122,-7

52,0

CHANGE-REF-SITE TROMSO, .,

164.9,49.0,325.0
90,4
121,2

164.9,42.1,325.0
90,-1
112,9

164.9,35.6,325.0
%@, -1
99,12

4

%

%

A

Z

POINT-REF-H 131.1,8%9.99,325.0

%

%

%

4

%

Té

K7

T9

Ti@

Kia
Ti1

ZK11
%

Ti2

TiZ

Ti4

20+ 80 SEC
ANTENNA MOTION
20+120 SEC
ANTENNA MOTION
20+80 SEC
ANTENNA MOTION

20+ 70 SEC

ATy

TROMSO T7&T8

POLAR NOT CHANGED

ANTENNA MOTION

30+12@ SEC

SET FOR CIRCULAR

ANTENNA MOTION

SET FOR CIRCULAR

3e+ 70

SEC

ANTENNA MOTION

20+ 80

SEC

ANTENNA MOTION

20+ 98 SEC

POLAR NOT CHANGED

ANTENNA MOTION
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POINT-REF-H 164.9,29.7,325.0
&K SET-POLAR 90,0
&5 SET-POLAR 9@,9
SYNC 20
SYNC 9@
%
POINT-REF-H 164.9,24.6,325.@
% KSET-POLAR 90,0
&5 SET-POLAR 88,6
SYNC 20
SYNC 9@
%
STOP-REC-DATA
POINT-REF-H 344.9,28.0,325.0
% YKSET-POLAR 9@,@
&5 SET-POLAR 87,0
SYNC 15@
ENDDO
%
STOP-EXPERIMENT, ,

%

4

%

“

“

T15

Tié

T1

Aller

20+ 9@ SEC
ANTENNA MOTION
20+ 78 SEC
POLAR NOT CHANGED
ANTENNA MOTION

i5@ SEC

ANTENNA MOTION
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“
4 GEN-5-R: TLAN
./- .
R L LR R L L LR LR R LR R L LN N LR E LR CR LA LA L L LT L L SIS L LKL LAA AL RA AL e
A
AT 1@ RECEV
AT 10@ CH3
AT 452 CH4
AT 11935 CH3OFF
AT 13547 CHAOFF
v .
% 11@ SAMPLES TAKEN FOR 5 3@ SAMPLE GATES
A WITH 1@ SAMPLES OVERLAPPING, SIGNAL SHOULD BE IN THE
% MIDDLE GATE

%

AT 3005 CH3,CH4,CHS,CHb

AT 6000 ALLOFF,CAL3@

%

% 2% (130+20) SAMPLES AT ALL CHANNELS, SKY NOISE

%

AT 4505 CH3,CH4,CHS,CHG

AT BO@@ ALLOFF,CAL®

%

% (130+20) SAMPLES AT EVERY CHANNEL, NOISE INJECTION)

AT B86B@ CHS

AT 8932 CHé&

AT 9495 CH3OFF

AT 1@@47 CH&LOFF

“ 118 SAMPLES OF SIGBNAL FOR S GATES (3@ SAMPLES, DOVERLAPFING 1@)
AT 11885 CH3,CH4,CHS,CHA&

AT 14008 ALLOFF,CAL30

“ 2% (130+2@) SAMPLES TAKEN AT EVERY CHANNEL ,SKY NOISE
AT 145@5 CH3,CH4,CHS,CHé

AT 15@88 STC

AT 16008 ALLOFF,CALO

A 150 SAMPLES AT EVERY CHANNEL ,NOISE INJECTION

AT 16048 BUFLIP

AT 17256 REP
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“
% GEN-5-R-SUBR: LIST
%

ZZZZZZZZZZZﬁZXZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZXZZZZZZZZZZZZZZK

NEXT
CALL SUBRLIST

NEXT
CALL SUBRLIST

NEXT
RSAPM (RESTARTADD) =RSAPM (RESENTRY3)
GOTO SCANCOUNT

NEXT

SUBROUTINE SUBRLIST
RSAPM(RESTARTADD) =RSAPM (RESENTRY1)
RELOAD LCR2

RELOADVALUE=RSAPB (USERREG)

CALL REMOTE1L

NEXT
RSAPM (RESTARTADD) =RSAPM (RESENTRY2)
CALL IMPULSE

NEXT
RSAPM (RESTARTADD) =RSAPM (RESENTRY2)
CALL IMPULSE

NEXT

RSAPM (RESTARTADD) =RSAPM (RESENTRY1)
RELOAD LCR2

RELOADVALUE=RSAPB (USERREG)

CALL REMOTE1

NEXT
RETURN
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%
“
%
%
%
%
%4
%
%
%
%
%
4
A
%

CORRELATOR PROGRAM GEN-REMOTE:CLAN

THIS CORRELATOR PROGRAM IS MAINLY INTENDED FOR REMOTE
STATION SIGNAL HANDLING AND FOR SYSTEM CALIBRATION PURPOSES.

SUBROUTINES:

REMOTEL

REMOTEZ2
IMPULSE

THIS PROGRAM CAN BE USED IN SEVERAL WAYS DESCRIBED IN THE

REPORT :

PROGRAM DEVEL.OPMENT:

CORRELATOR PROGRAMS FOR THE GEN-SYSTEM

TAUNO TURUNEN, EISCAT HQ

R R R L LR LN R R LR L LSRR R LA U LT AR L AL L LT R R VLR LL L LT A LS LA LT LAY

%
%
v
%
A
4
%
A
%

4

%

INDEX
INDEX
INDEX
INDEX
INDEX
%

INDEX
INDEX
INDEX
INDEX
INDEX

TABLE OF INDEXES

THE INDEX TABLE RELATES THE GIVEN NAMES TO NUMBERS, WHICH
ARE THEN USED AS REBISTER NUMBERE. THERE I8 NO DISTINETION
BETWEEN THE APB AND APM STACKS

EXAMPLE: RSAPB(MARGIN1) IS RSAPB(15) AFTER COMPILATION

R L R R L R LR R LR R R LR LR LR LA LA L L LLLRLLR LR L LR G L UL LA L AL AL ALY,

MARGIN1I=13 % SUBROUTINE

SIGSAMPLES1=14 % REMOTE1

LAGMAX1=13 % APB

CALGATES1=12 4 STACK

CALPRODUCTS1=11 % REGISTERS

MARGINZ=10 % SUBROUTINE

SIGSAMPLES2=9 % REMOTEZ2

LAGMAX2=8 7% APB

CALGATES2=7 % STACK

CALFRODUCTS2=6 % REGISTERS

“
INDEX
INDEX
INDEX
%
%
A
%
INDEX
%
INDEX
INDEX

IMPULSEPRODUCTS=

IMPULSEGATES=4
LAGMAX=3

USERREG=2

S %
%
“
%
“
A

“

SUBROUTINE IMPULSE APB STACK REGISTERS

AND TEMPORARY STORAGES FOR

SUBROUTINES REMOTE1 AND REMOTEZ.

5 IS THE TEMPORARY STORAGE FOR MARGIN AND
CALPRODUCTS, 4 IS THE TEMPORARY STORAGE FOR
SIGSAMPLES AND CALGATES.

FREE REGISTER FOR USERS PARAMETERS

BUFSTARTADD=1 % AFB ADDRESS COUNTER
APB INCREMENT (=1)

APBINCR=0 %
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INDEX RESENTRY1=15,RESENTRY2=14,RESENTRY3=13,RESENTRY4=12
INDEX RESENTRYS5=11,RESENTRY&6=1@,RESENTRY7=%,RESENTRY8=8
INDEX RESENTRY%=7,RESENTRY1@=6

% .

INDEX RESJUMPER=3 % TEMPORARY STORAGE FOR MAXLAG+1

rd

INDEX MAXLAG=4 % SUBROUTINE IMPULSE REGISTER AND THE TEMPORARY
% % STORAGE FOR MAXLAG1I AND MAXLAGZ2.

rd

INDEX MAXLAG1=3 7% REMOTE1 APM STACK REGISTER

%

INDEX MAXLAG2=2 % REMDTE2 APM STACK REGISTER

%

INDEX RESTARTADD=1 % AFPM ADDRESS COUNTER

INDEX APMINCR=0 % APM INCREMENT (=1)

“

%

KL LA LAl LA AAAALASALSAA LA L AL LA AL L LT LR L LA L L AL LR UCR L LR L LR L L LA LA LAY,
4

A THE FOLLOWING THREE SUBROUTINE CALLS ARE ALLOWED:

%

% NEXT

% RSAPM (RESTARTADD) =RSAPM (RESENTRYN)

4 RELOAD LCR2

“ RELOADVALUE=... (ANY SUITABLE REGISTER COMBINATION)

% CALL REMOTE1

%

“ NEXT

% RSAPM (RESTARTADD) =RSAPM (RESENTRYN)

% RELDAD LCR2

%4 RELOADVALUE=. .. (ANY SUITABLE REGISTER COMBINATION)

% CALL REMOTEZ

%

% NEXT

“ RSAPM (RESTARTADD) =RSAPM (RESENTRYN)

A RSAPB (IMPULSEGATES)=... (ANY SUITABLE REGISTER COMBINATION)
rA CALL IMPULSE

%

“ THE THIRD LINE IS NOT ALWAYS NEEDED IN CALL IMPULSE CALL,
“ SEE ALSO THE NOTES BELOW.

“

LL Ll S LA h Ll AL TS A A AL AL AT A NI S AL LKL L L L L AL LA L LR L UAL LSRR LLLLLLLLLL T
%4

% THE MAXIMUM NUMBER OF USER DEFINED PROGRAM STEPS IS 13

%

%4 NOTE: IN THE EXAMPLE COMMANDS THE RESENTRYN MUST BE SOME
% OF THE POSSIBILITIES RESENTRY1,RESENTRYZ...RESENTRY1i@.
%

“ THE RSAPM(RESTARTADD)=.... CAN ALSO BE IN THE FORM:

% RSAPM (RESTARTADD) =@
%
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% THE RSAPM(RESTARTADD)=.. SPECIFIES THE FIRST RESULT

% MEMORY ADDRESS USED BY THE CALLED SUBROUTINE. THIS

A ADDRESS IS GIVEN BY THE USER IN THE CORRELATOR AFPM
% STACK LOADING. REGISTERS APM(13)-APM(5) HAVE BEEN

“ RESERVED FOR RESENTRIES RESENTRY1....RESENTRY1il.

%

% IF THE LINE RSAPM(RESTARTADD)=... IS OMITTED ,THE

% DEFAULT VALUE IS THE FIRST HIGHER ADDRESS WHICH WAS NOT
A USED BY THE PREVIOUS SUBROUTINE AND IN CASE OF THE FIRST
% SUBROUTINE CALL THE DEFAULT VALUE I8 ZERO.

A

A NOTE: "...(ANY SUITABLE REGISTER COMBINATION)" IS OFTEN SOME
% ' OF THE FOLLOWING:

%

% ]

% RSAPB (AFBINCR) Z=1

% RSAPB (AFBINCR) +RSAPB (APB (INCR)  %=2

% REAPB (USERREG)

%

%

% NOTE: IN CONNECTION WITH "CALL IMPULSE" THE APB REGISTER

% HAVING LOADING IN THE SUBROUTINE CALL CAN ALSO BE THE
% IMPULSEPRODUCTS BUT NOT LAGMAX WITHOUT CORRESFONDING

% APM REGISTER LOADING (MAXLAG) WHICH IS POSSIBLE ONLY IF
% THERE IS NO NEED TO LOAD RESTARTADD.

%

% NOTE: THE LAST SUBROUTINE MUST BE THE ONE , WHICH

“ USES THE HIGHEST ADDRESSES IN THE RESULT MEMORY.

% THE SCANCOUNT IS WRITTEN TO THE NEXT UNUSED

% RESULT MEMORY POSITION. IF THIS RULE IS VIOLATED,

“ ONE HAS TO LDAD RSAFM(RESTARTADD) TO SCANCOUNTADDRESS
% AS A LAST COMMAND OF THE MAIN PROGRAM. ONE POSSIBLE FORM
% TO DO THIS IS THE FOLLOWING COMMAND:

“

% NEXT

% RSAPM (RESTARTADD) =RSAPM (RESENTRYN)

“ GOTO SCANCOUNT

% ZRESENTRYN CONTAINS THE SCANCOUNTADDRESS (DATAIO-1)
%

% NOTE: THE SUBROUTINES ARE WRITTEN SO THAT THE

“ FIRST SAMPLE TAKEN FROM THE BUFFER MEMORY

4 IS IMMEDIATELY AFTER THE LAST USED SAMPLE

% OF THE PREVIOUS SUBROUTINE. THE FIRST

% SUBROUTINE ASSUMES BUFFER MEMORY START

% ADDRESS TO BE ZERO.
A
MR R R L R R L LR R LRl AL AR LA R LA L LT LL ARG ALL LA L LARL LA AL LLLT
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RULES FOR THE SUBROUTINES REMOTE1 AND REMOTEZ2
P e T e I R T R e R e

1) #%#_CR2 IS LOADED TO 1 (APBINCR) IN THE SUBROUTINE CALL3*#*#

LCR2 LOADING GIVES THE NUMBER OF GATES FOR THE SCATTER ACF
COMPUTATION (TRIANGULAR WEIGHTED ACF WITH PROGRAMMABLE LAGMAX).

IF MARGIN=0 THEN POWERPROFILE (TIMINGCKECK) IS NOT COMPUTED
AND THE COMPUTATION STARTS FROM THE SCATTERACF.

IF ALSO SIGSAMPLES=@ THEN THE COMPUTATION STARTS FROM THE

BOXCAR WEIGHTED (IMPULSE COMPUTATION) ACF WITH THE LAGMAX, CALGATES
AND CALPRODUCTS GIVEN IN THE APB STACK FOR THE CALLED SUBROUTINE.
THIS IS ONE OF THE POSSIBILITIES TO COMFUTE "IMPULSE".

IF EITHER CALPRODUCTS OR CALGATES IS ZERO THEN THE COMPUTATION
TERMINATES AFTER SCATTER ACF.

2) ###.CR2 IS LOADED TO ZERO IN THE SUBROUTINE CALL#*#%

IF THE NUMBER OF GATES GIVEN FOR THE SCATTER ACF (LCR2 LOADING
IN THE SUBROUTINE CALL) IS ZERO, THE COMPUTATION
STARTS FROM THE BOXCAR WEIGHTED CALIBRATION ACF (IMPULSE}.

3) ##% LCRZ LOADED TO A VALUE GREATER THAN 1%

IF THE NUMBER OF GATES GIVEN FOR THE SCATTER ACF IS

NEITHER 1 NOR ZERO THEN THE POWERPROFILE TIMING CHECK

IS SKIPPED AND THE SCATTER GATES ARE COMPUTED WITH SAMPLE SPACE
OVERLAPPING = — MARGIN, (MARGIN LOADED AS A NEGATIVE NUMBER IN
THIS CASE). AFTER SCATTER GATES PROGRAM BRANCHES TO BOXCAR ACF
IF THAT PART IS NOT SKIPPED.

THIS GIVES POSSIBILITY TO MAKE TIMING CHECK USING ACF:S INSTEAD

OF POWERPROFILES. SIMULTANEQOUS USE OF BOTH POWERPROFILE AND ACF TYPES

OF TIMING (AND FPOWER STABILITY) CHECKING DEMANDS THREE STEP
SUBROUTINE CALLS AND IS NOT EXFLAINED HERE.

WITH THE EXPLAINED WAY ONE CAN ALSO SIMULATE MANY OLDER CORRELATOR
PROGRAMS (PROGRAMMABLE NUMBER OF LAGS AND OVERLAPPING)
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RULES FOR THE SUBROUTINE IMPULSE:
e e

1) ##% IMPULSE COMPUTATION USING REMOTEL1 AND/OR REMOTEZ:###

ONE WAY TO GET THE "CALL IMPULSE" COMPUTATION IS TO SKIP THE TIMING
CHECK AND SCATTER ACF IN THE REMOTE! AND/OR REMOTEZ. THEN THE
NUMBER OF GATES, CALPRODUCTS, LAGMAX AND MAXLAG ARE THOSE LOADED
INTO THE CORRESFONDING REGISTERS OF REMOTE1 AND/OR REMOTEZ2.

2) ##% CALL IMPULSE WHEN NEITHER REMOTE! NOR REMOTEZ ARE USED###

-ONE OF THE APB REGISTERS CAN BE RELOADED (E.G. "IMPULSEGATES")

TO A WANTED VALUE BUT THIE IS NOT NEEDED IF THE REGISTER

IS ALREADY CONSTANTLY LOADEDR TO A WANTED VALUE IN THE ELAN FILE
OR HAS THE PROPER VALUE BECAUSE OF PREVIOUS COMPUTATION.

THE NUMBER OF GATES IS IN THE "IMPULSEGATES", THE NUMBER OF
CROSSPRODUCTS IN "IMPULSEPRODUCTS", THE PARAMETER "LAGMAX"

IN THE REGISTER "LAGMAX", AND "MAXLAG" IN THE REGISTER "MAXLAG".

IF THE SUBROUTINE IMPULSE IS THE ONLY SUBROUTINE USED IN THE
PROGRAM, THEN THE REGISTERS MENTIONED ABOVE HAVE TO BE LOADED
TO WANTED THE VALUES IN THE ELAN FILE. NOTE THE POSSIBILITY TO
RELOAD ONE OF THE APB REGISTERS IN THE SUBROUTINE CALL.

3)  w##*xCALL IMPULSE WHEN REMOTE1 AND/OR REMOTEZ2 ARE ALSO USED»#**

THE REGISTERS CONTROLLING THE COMPUTATION HAVE A VALUE
LOADED TO THESE REGISTERS BY THE PREVIOUSLY CALLED SUBROUTINE

(REMOTEL OR REMOTEZ). IMPULSEFRODUCTS IS CALPRODUCTS1 OR CALPRODUCTSZ

LAGMAX IS LAGMAX1 OR LAGMAX2, AND MAXLAG IS MAXLAG1 OR MAXLAG2 ETC.
DEPENDING ON WHICH ONE OF THE ROUTINES REMOTE1L OR REMOTEZ WAS
CALLED IN THE PREVIDUS MAIN FROGRAM STEP. ONE OF THE AFB REGISTERS
CAN BE RELOADED IN THE SUBROUTINE CALL (OFTEN NUMBER OF GATES) AND
RESULT MEMORY START ADDRESS PROGRAMMED.

IF THE "CALL IMPULSE" IS THE FIRST SUBRDUTINE CALL IN THE MAIN
PROGRAM, THEN THE STARTING VALUES MUST BE LOADED IN THE ELAN FILE
TO PREVENT POSSIBLE CORRELATOR "HANGING".

SUBROUTINE IMPULSE DDES NOT CHANGE THE CONTENTS OF THE CONTROL
REGISTERS IT USES.
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%

%

% POWER PROFILE COMPUTATION USING GEN-REMOTE

% R R I R S s e s I

%

A

“ THE POWER PROFILE TYPE OF TIMING CHECKING IS ARRANGED SO THAT

% IT IS NOT VERY SUITABLE FOR INDEPENDENT POWER PROFILE COMPUTATION.
A ON THE DIFFERENT POSSIBILITIES THE FOLLOWING IS RECOMMENDED.

4

% LOAD CALPRODUCTS1 TO NUMBER OF SAMPLES ADDED TOGETHER AND CALGATES1
% TO NUMBER OF GATES. LOAD LAGMAX1 AND MAXLAG1 REGISTERS TO ZERO.

% CALL REMOTEL WITH LCR2 LOADING=8. THIS PRODUCES GATED POWERFROFILE
% IF CALPRODUCTS1#@ AND NORMAL POWERPROFILE IF CALPRODUCTS1=0.

4 SIMILAR COMPUTATION IS POSSIBLE WITH REMOTEZ AND ALSO WITH IMPULSE.

4

LU LTI LTI LN AL AL L AL A LA L LL L LR A L CL LR R LA LR L LA RL L LKL LL L LA KL
AL AL AL AL LS LA LTSS AL S AT AL LA R UL LA LA RE LR L LA L AL LR LR L LT L LA LA LS ARLT
YA THE FIRST COMMAND IS THE IDLE LOOP AR ALLAL R LA LT AL AL LA RY
YAAAA DO NOT TOUCH THIS COMMAND RARRLLLL R LRLL LI NLRLLLLL
R LRL LA I ALY LLAT AL AL AR L S LA LR RL L LRI AL LA RALLL AL LA LGLL LD LA RL KL
Gt Rl Ll LS LS L Ll LVl T L VA AL A LA L LA TR AL AL LL LA L AL LT LAl R LD L LR LL LA LLY
“

4

LOCATION=0

LABEL ZERO

RSAPB (BUFSTARTADD) =@

RSAPM (RESTARTADD) =@

CONTINUE %THE IDLE LOOP ENDS HERE

Ll Ll Yt LS Al AL L LTI A R LA LAl L LA L AL L L LR LA AL LA LR L LA L AL LRLLLL LR
KLl LIl AL AL ALY L AL A AL AL AL LA LR LA LR LR LR LT LA LL AL AR L LLR LA L LA LT
YAYAA THE MAIN PROGRAM WRITTEN BY THE USER BEGINS HERE LAULALLLLLYL
LR A LA LIl AS T ALY AL LA RLA LA LRI L L L NLL ARG L LR L LA LA LLLL LR LA L LT
LU AI LA LSS LTS LS AL S LTS LA L AL AT LS R AL LR LR LS LR LR LL AL LR LLLRL LR LLLLT

YA LABEL FOR GET-STRING : MAINFROG RRLLLLLALL
LAl T LAl R AR ALV AL ALl Rl AL LA IS AR R LKL LA LR LA LL AL AL LD LT LA L LT LT
UL UL LTl T AT LISl L RSl AL AL AL LA LR LV R L LI LR LS LRSI L AR L RLLRELL LAY

%4

% GEN-5-R-SUBR: LIST

%

LA RSl A ALl T AT LA AT AL LA LSRRG LKL LA LRL L LR LR LA LT AL
NEXT

CALL SUBRLIST

NEXT
CALL SUBRLIST

NEXT
RSAPM (RESTARTADD) =RSAFM (RESENTRY3)
GOTO SCANCOUNT
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NEXT

SUBROUTINE SUBRLIST

RSAPM (RESTARTADD) =RSAPM (RESENTRY1)
RELOAD LCR2

RELOADVALUE=RSAPB (USERREG)

CALL REMOTE1L

NEXT
RSAPM (RESTARTADD) =RSAPM (RESENTRY2)
CALL IMPULSE

NEXT
RSAPM (RESTARTADD) =RSAPM (RESENTRYZ2)
CALL IMPULSE

NEXT

RSAPM (RESTARTADD) =RSAPM (RESENTRY 1)
RELOAD LCR2

RELOADVALUE=RSAPB (USERREG)

CALL REMOTE1

NEXT
RETURN

SAA LA ALl AR LR AL L LR L LA L AL T AL L LR RLARL R LN LR L L AL L L AL LL LT,
AU Al A Sl NIl AT AL IR GA LALLM R LR LSS AU R TAR G RO R L RELRL AL
XA YA THE USER DEFINED MAIN PROGRAM ENDS HERE RARLARLALALATL
KLl LA AR LA LI LTI AL TS LALL AL LA L RE L LA LR AL RA LT AL L LL LA LD
RLLLA POSSIBLE USER'S SUBROUTINES CAN BE APPENDED ZAUALLLZZL
LARLAL AFTER THE SCANCOUNT COMMAND GIVEN BELOW RALLLLLT
RALT AL RL LIS LTSGR I LALT LA LA LA LL LA L LA L L EL LA L LLA R LR L AL LA LLLLLLL
%

“

LA AL LR L LA AL A LSS AS L LRI L L LA AA L L L L L LLL LR R R LA L L LA RLLL L LAY

% “
% SCANCOUNT TERMINATES THE COMPUTATION AND %
A MUST BE THE FIRST COMMAND AFTER THE USER'S “
“ MAIN PROGRAM %
% “
Gl Ll ISR AL LA L L C R LA LRI R R L LA LR L C LN LRI RALL A RLL LA LA L LT,
%

NEXT

LABEL SCANCOUNT
RESMEMADDRESS=RSAPM (RESTARTADD)
CHANNEL 1=-1 CHANNELZ=-1
INITIALIZE ACCUMULATOR

LOAD IREG

STORE OREG

STROBE IREG

GOTO LASTCOMMAND

%

AT m
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IRLEL SRR T LRI LR LA RIS AERLR LR CKRR LR LR L LR AR LR AL LR RLCK LR ARALA R LA AL ALK
% %
% POSSIBLE USER'S SUBROUTINES CAM START HERE. THE MOST COMMON %
4 FORM IS A SUBROUTINE CONTAINING A LIST OF SUBROUTINE CALLS “

% “
KRR LRI AL LR L LA L LA L LU L LR L LKA GRS L LKL UL L LS LR LR L LAY AL KL L ST AT KLY
4

%

LR L R LRI L RS TR RRL LRI LR LR LA L LR L LR LA LK LAL LT ALK LA e

LRI R TR R L AL LA LA LL LR CLL L L L LR LL TRV LR RLLL AL LG L AL AL

% %

% EVERYTHING WRITTEN BY THE USER MUST END HERE A

4 %

LRI LR E AR LA R R AL R I L AR L AL L L LRI AL LT LA LALL L LA L LA
BURIL IR LR LL LR LA AL L LA LL LD R LA LT LRRL LR R LKL LA L L L LA L ALL AL AL LA L LKLY,
TRl LA LA L LA AL LA L L LSV RL LN LR AL LS AL AL LA L AL L LLLLLALL Y,
“
A
DRBRLR LRI G R ARG LL TR LR L LRV L LRI CRE RGN L LA LR L L LLLLLALY,

Y “
% SUBROUTINE REMOTE1L “
o “
RIS RIS AL LT LR REL LA LR LR LR RO LA L AL L LA L ALAL LRSS L LA S T
%

NEXT

SUBROUTINE REMOTE1

REAPB (IMPULSEPRODUCTS) =RSAPB (MARGIN1)
REAPM (RESJUMPER) =RSAPM (MAXLAGL)
CONTINUE

NEXT

REAPB (LAGMAX ) =RSAPB (LAGMAX1)
REAPM (MAXLAG) =RSAPM (MAXLAGL)
LC2=LCR2

CONTINUE

NEXT

REAPE (IMPUL.SEGATES) =RSAPB (SIGSAMPLESL)

REAPM (RESJUMPER) =RSAPM (RESJUMPER) +RSAPM (APMINCR)
IF (LCZ=@) THEN CONTINUE ELSE CALL SCATTERCOMPUTE

MEXT
REAPB (IMPULSEPRODUCTS) =RSAPB (CALPRODUCTS 1)
CONTINUE

NEXT

REAFB (IMPULSEGATES) =RSAPB (CALGATES1)
G0TO BOXCARACF

A
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ALLAL AL LRI LR L LA L LU L AE L L LR RAAL L LA AL L RLK UL AL LA R ARLARALALLLLNL

%L %
%4 SUBROUTINE REMOTEZ2 %
% - %
UL L LR AA AL LA AL AR AL L LR LR LD LT REE R AR L LUAARLARLLLLL LT
%

NEXT

SUBROUTINE REMOTEZ

RSAPB ( IMPULSEPRODUCTS) =RSAPB (MARGIN2)
RSAPM (RESJUMPER) =RSAPM (MAXLAG2)
CONTINUE

NEXT

RSAPB (LAGMAX ) =RSAPB (LAGMAX2)
RSAPM (MAXLAG) =RSAPM (MAXLAGZ)
LC2=LCR2

CONTINUE

NEXT

RSAPB (IMPULSEGATES) =RSAPB (SIGSAMPLESZ)

RSAPM (RESJUMPER) =RSAPM (RESJUMPER) +RSAPM (APMINCR)
IF (L.C2=@) THEN CONTINUE ELSE CALL SCATTERCOMPUTE

NEXT
RSAPB (IMPULSEPRODUCTS) =RSAPB (CALPRODUCTS2)
CONTINUE

MEXT
RSAFB (IMPULSEGATES) =RSAPB (CALGATES2)
GOTO BOXCARACF

A
ULL AL LA AL AR Ll R LN DL LA A L RAL AL LTSS AT LA LI LA LA LA LLLR LS R AL LLLL L

% A
% SUBROUTINE SCATTERCOMPUTE A
“ %
LA ALl LIS AT LA AL T AL AL LRSS AT AL L L L AAL LA L L NIRRT L LN LA LT
%

NEXT

SUBROUTINE SCATTERCOMPUTE

RELOAD LCR1
RELOADVALUE=RSAPB ( IMPUL.SEFRODUCTS)
LC2=LC2~1 % IMPULSEPRODUCTSE = MARGIN
CALL DUMMY

NEXT
LC1=LCR1
IF (LC2=@) THEN CONTINUE ELSE GOTO SIGNALGATE

NEXT

IF (LC1=@) THEN GOTO SIGNALGATE ELSE CONTINUE
%

%

747/466
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ARLARARALLLRRARLR AL L UALURL AL L LU LR LUK AR ER LA ARAAR AR LR ALK AR AR RLAAKRAALL

% 4
4 X
% PROGRAM BLOCK TIMINGCHECK %4
A 4
% LC3=SAMPLE COUNTER %
% %
UL UT RIS AL AA AL LA LS A LSLALLAL AL AL KRR CL LR LR L LA LA LA KA L LA LR LLLLLA LK
“

NEXT

LABEL TIMINGCHECK
BUFFERADDRESS=RSAPB ( IMPULSEPRODUCTS) +RSAPB ( IMPULSEPRODUCTS)
RAPB=BUFFERADDRESS 7% IMPULSEPRODUCTS = MARGIN
CONTINUE

NEXT

RELOADR LCR3

RELOADVALUE=QAPB+RSAPE ( IMPULSEGATES)

CALL DUMMY 7% IMPULSEGATES = SIGSAMPLES
NEXT

LC3=LCR3

BAPM=RSAPM (RESTARTADD) ~RSAPM (APMINCR)

RAPB=RSAPB (BUFSTARTADD) ~RSAPB (APBINCR)

CONTINUE

NEXT

LC3=LC3-1

IF (LC3=@) THEN RETURN ELSE GOTO ENTERPOWER1

%CONTINUES AFTER THE GEN-DUMP ROUTINE

DLl IS AL AL AL LIS DAL AR LA L AL R AL LR R R LT LA R ER NS LCRARLLR AL LALAKYL
% %
% PROGRAM GEN-DUMP %
% %
A THIS PROGRAM CONTROLS THE DATA TRANSFER AND %
% MUST START FROM THE LOCATION 32 “
% %
UL LA LA AT LTS AL LT LSS AL AL AL L LR LT LT RLL RN LR L LRI L AL L LLL LT T
rA

A

%

LOCATION=32
RELOAD LCR1
RELOADVALUE=DATAI
PREPARETRANSFER
CONTINUE

NEXT
PREPARETRANSFER
CONTINUE
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NEXT

TRANSFER STATUSWORD
QAPM=—RSAPM (APMINCR)
LC1=LCR1

CONTINUE

NEXT
TRANSFER CONTROLWORD
CONT INUE

NEXT

LABEL TRANSFERLOOP

LCi=LC1-1
RESMEMADDRESS=0APM+RSAPM (APMINCR)
RGAPM=RESMEMADDRESS
RAPB=RSAPB (APBINCR) +RSAPB (AFPBINCR)
TRANSFER CHANNEL1 MSPART

CONTINUE

NEXT

RESMEMADDRESS=QAPM

TRANSFER CHANNEL1 LSPART
RELOAD LCR2
RELOADVALUE=GAPB+RSAPD (APBINCR)
CONTINUE

NEXT

RESMEMADDRESS=QAPM
TRANSFER CHANNEL2 MSPART
CONTINUE

NEXT

RESMEMADDRESS=QAFM

TRANSFER CHANNEL2 LSPART

LC2=LCR2

IF (LC1=@) THEN CONTINUEANDFUSH ELSE GOTO TRANSFERLOOP

NEXT

LABEL FINISHLOOP

LC2=LC2~-1

FINISHTRANSFER

SET START-EXPERIMENT MODE

IF (LC2=@) THEN GOTT *=R0O ELSE GOBACK
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UL LA L L L LSRR LA L LA LRLCR LR L LN L LR LA R AAL LR LR L AN AL LAY

% %
% THE LAST TWO COMMANDS OF THE TIMINGCHECK %
% %
RIS L LA L AL LAY LSS AN LA AL LA LRI C R LL LR ERL LRI LA LLKRLL AR LT
NEXT

LABEL ENTERPOWER1
BUFFERADDRESS=BAPB+RSAFPB (APBINCR)
QAPB=BUFFERADDRESS
RESMEMADDRESS=RAPM+RSAPM (APMINCR)
QAPM=RESMEMADDRESS

CHANNEL 1=X#X+Y#*Y
CHANNEL2=Y#X—X#Y

INITIALIZE ACCUMULATOR

STROBE IREG

LOAD IREG

STORE OREG

LC3=LC3-1

IF (LC3=@) THEN CONTINUE ELSE GOTO ENTERPOWERI1

NEXT
RSAPM (RESTARTADD? =RAPM+RSAPM (APMINCR) .

RSAPB (BUFSTARTADD) =RSAPB (BUFSTARTADD) +RSAPB ( IMPULSEPRODUCTS)
GOTO SIGNALGATE

“ %IMPULSEPRODUCTS = MARGIN

UL LS AL AL AL LA LA LI L AL LSS AL LA LA LA LLLLL LSS LL LA L LT LT LT L LT
Y 4
% SUBROUTINE DUMMY (MODIFIED) %
o %
LA A LIS LTS LTI LTSS L LA TL LA T LAl AL R LU L LR R LA AL RN LR AR L LN KRN
A

NEXT

SUBROUTINE DUMMY
RAPB=RSAPB (BUFSTARTADD) ~RSAPB (APBINCR)

RETURN

A

%

AL LRI ALT LALLM LA I ARSI LA LR AR LR CL AR RN R CCL L LA RLLLLIA R T
% %
A FPROGRAM BLOCK SIGNALGATE %
A %
A LC1=LAGCOUNTER %
% LC2=GATE COUNTER %
% LC3=SAMPLECOUNTER (COUNTS SIGSAMPLES - LAGMAX) %

./- x
KLLS AT ALK AL AL LRSS ALALLALLL LTI L LR L LRI LR NI RLL LR AALL LR LL A LR LT
%

Aq /4/9
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%

NEXT

LABEL SIGNALGATE

RELOAD LCR1
RELOADVALUE=RSAPB (LAGMAX)
CALL DUMMY

NEXT

LC1=LCR1

RELOAD LCR3
RELOADVALUE=RSAPB ( IMPULSEGATES) —~RSAPB (LAGMAX)

CALL DUMMY % IMPULSEGATES = SIGBSAMPLES

NEXT

REAPB (IMPULSEFPRODUCTS ) =RSAPB (IMPULSEPRODUCTS) +RSAFPB (APBINCR}
LCR1A=LC1 % IMPULSEPRODUCTS = MARGIN+1 FOR COMING USE
LC3=LCR3

LC2=LCR2

IF (L.C2=@) THEN GOTO LAGDECREASE ELSE CONTINUEANDPUSH

NEXT

RSAPB (BUFSTARTADD) =QAPB+RSAFB (APBINCR)

IF (LC2=8) THEN RETURN ELSE GOTO LAGDECREASE

4

%

AR R RN L LR LR R LR LR R R AL L LT AR LA KL RR AL AL LA LLLLLLN

% A
A BROGRAM BLOCK SCATTERACF %
% %
G R RN LR L LR AL NN R LR R LR LT LA LA LT LT AL L LA N LA LLLAL LT L
%

NEXT

LABEL SCATTERACF

BUFFERADDRESS=RSAPB (BUFSTARTADD)
QAPB=BUFFERADDRESS

RESMEMADDRESS=RSAPM (RESTARTADD)
QAFPM=RESMEMADDRESS

CHANNEL 1=X#X+Y#Y

CHANNELZ=Y*X—~-X*Y

INITIALIZE ACCUMULATOR

STROBE IREG

LOAD IREG

STORE OREG

IF (LCi=@) THEN LCi=LCR1 LC2=LC2-1 ELSE LCi=LCi-1
IF (LC1=@) THEN GOTO LASTLONG ELSE CONTINUE
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NEXT

LABEL SIGLOOP

BUFFERADDRESS=RAPB+RSAPB (APBINCR)
@APB=BUFFERADDRESS
RESMEMADDRESS=RAPM+RSAPM (APMINCR)
BAPM=RESMEMADDRESS

CHANNEL 1 =0OLDVALUE#*X+0LDVALUE*Y

CHANNEL 2=0LDVALUE#*X-0LDVALUE*Y
INITIALIZE ACCUMULATOR

STROBE IREG

LOAD IREG

STORE OREG

IF (LC1i=@) THEN LCi=LCR1A ELSE LC1=LC1-1
IF (LC1=@) THEN CONTINUE ELSE GOTO SIGLOOP

NEXT

LC1=LC1-1

RSAPB (BUFSTARTADD) =RSAPB (BUFSTARTADD) +RSAPB (APBINCR)
IF (LC3=@) THEN CONTINUE ELSE GOTO LAGDECREASE

NEXT
LCR1A=LC1
GOTO SCATTERACF

NEXT

LABEL LAGDECREASE
LC1=LCR1A
LC3=LC3-1

GOTO SCATTERACF

NEXT

LABEL LASTLONG

RSAPB (BUFSTARTADD) =RSAPB (BUFSTARTADD? +RSAPB ( IMPULSEPRODUCTS)
RSAPM (RESTARTADD) =RSAPM (RESTARTADD) +RSAPM (RESJUMPER)
LCR1A=LC1 4ZIMPULSEPRODUCTS = MARGIN+1
LC3=LCR3 %ZRESJUMPER=MAXLAG+1

IF (LC2=@) THEN RETURN ELSE GOTO LAGDECREASE



AT /552

%
A
%
%
%
“
%
%
%
“
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%
KALRARUU AR AUAL LA L UAL LR LA LLR L RN L L LA LA L AL L LA RRLARL R RN LA ALL AL
” .
% - SUBROUTINE IMPULSE
%
% PROGRAM BLOCK BOXCARACF
A
% LC1=PRODUCT COUNTER
% LC2=LAG COUNTER
A LC3=GATE COUNTER
%
A
KLl TN LA NSl A AL LA LA L LR LA LA L L L LA LA LS L AL LA BRI L L AL LN LL LT LY
%
4
NEXT

SUBROUTINE IMPULSE

LABEL BOXCARACF

RELOAD LCR1

RELOADVALUE=RSAPB (IMPULSEFRODUCTS)
CALL DuMMY

NEXT

LC1=LCR1

RELOAD LCR3

RELOADVALUE=RSAPB (IMPULSEGATES)
CALL DUMMY

NEXT

LC3=LCR3

RELOAD LCR2

RELOADVALUE=RSAFB (LAGMAX)

LCi=LCi-1

IF (LC1=@) THEN RETURN ELSE CALL DUMMY

NEXT

LC2=LCR2

LCR1A=LC1

LC3=LC3-1

IF (LC3=@) THEN RETURN ELSE CONTINUE
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NEXT

LABEL CALCOMPUTE
BUFFERADDRESS=RSAPB (BUFSTARTADD)
QAPB=BUFFERADDRESS
RESMEMADDRESS=RSAPM (RESTARTADD)
RAPM=RESMEMADDRESS

CHANNEL 1=X#*X+Y#Y

CHANNEL 2=Y#*X-X*Y

INITIALIZE ACCUMULATOR

STROBE IREG

LOAD IREG

STORE OREG

LC2=LC2-1

IF (LC2=@) THEN GOTO PRODUCTTEST ELSE CONTINUEANDPUSH

NEXT

LABEL LAGLOOP
BUFFERADDRESS=QAPB+RSAPB (APBINCR)
@APB=BUFFERADDRESS
RESMEMADDRESS=QAPM+RSAPM (APMINCR)
QAPM=RESMEMADDRESS

CHANNEL 1 =0LDVALUE*X+0LDVALUE*Y
CHANNEL 2=0LDVALUE#*X~0LDVALUE*Y
STROBE IREG

LOAD IREG

STORE OREG

LC2=LC2-1

IF (LC2=0) THEN CONTINUEANDFOP ELSE GOBACK

NEXT

LABEL PRODUCTTEST

RSAFB (BUFSTARTADD ) =RSAPB (BUFSTARTADD) +RSAFB (APBINCR)
LC2=LCR2

IF (LC1=@) THEN LC1=LCR1A ELSE LCi=LCi-1

IF (LC1=@) THEN CONTINUE ELSE GOTO CALCOMPUTE

NEXT

LABEL FINISHCALGATE

RSAPB (BUFSTARTADD ) =RSAPB (BUFSTARTADD) +RSAFB (LAGMAX)
RSAPM (RESTARTADD) =RQAPM+RSAPM (APMINCR)

LC3=LC3-1

IF (LC3=@) THEN RETURN ELSE GOTO CALCOMPUTE
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%
ALK LAL LA A RLA L LR LA UL AL LARR AR LR LR LR LT R LR ER LR LU L RK KL R LLL L LK

% 4
% THE LAST COMMAND TERMINATES THE COMPUTATION AND %
% THE CORRELATOR GOES TO THE IDLE LOOP %
% A
LLAAL I LSS AL LRI AL AL R L L L LI LL LG LR L LA LL LA LA S L LT LR AL LI L LAY
A

A

NEXT

LABEL LASTCOMMAND

STROBE IREG

SET CONTINUE-EXPERIMENT MODE
GOTO ZERO

“

END
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THE EXPER(MENT cev-n

ALL FlLeg EXCEPT GEV-H-R rcLAand
731 PACE<

VERSION: MARCH (g2 T

AALL LAl L LSS L LR L AL AL L ALAS LTI LTALLLLALT AL LLAAL L LS RLLLL LKL

% %
% GEN-41 DESC %
% %
% TAUNO TURUNEN, EISCAT H@ , MARCH 1985 %
* %

AR LALLLLL LS LSS AS LA LA RLILALALI I LA R UL AR L LI ALK ALLL LR LLL LK

BEN-4-T IS AN EXPERIMENT WHICH IN MANY RESPECTS RESEMBLES CP-1-C
EXPERIMENT USED IN EISCAT SINCE THE AUTUMN 1984 AS A COMMON MODE
EXPERIMENT BUT IS PROGRAMMED MORE EFFECTIVELY.

GEOMETRY:

EXPERIMENT IS FIELD ALIGNED AT ABODUT 312 KM. THE COMMON VOLUME IS
AT 309 KM ALTITUDE. THE ANTENNA IS KEPT FIXED.

MODULATIONS: GEN-4 IS A "1@-CHANNEL" EXPERIMENT:

E-LAYER POWERPROFILES
D e T e L L

GATING FACTOR
RECEIVER FILTERS

i (2 GATES ADDED}
25 KHZ, LIN

NUMBER OF GATES H 113
RANGE OF THE FIRST GATE AT CENTER POINT H 48 KM
GATE SEPARATION H 3 KM
GATE RESOLUTION (APPROXIMATELY?) H 3 KM
TOTAL RANGE COVERED : 48-384 KM
GATE COINCIDING WITH THE FIRST PULSECODE GATE = 15TH
CORRELATOR ADDRESSES (TWO CHANNELS ADDED) : 0eee-0112
PULSE LENGHT H 1?9 US
SAMPLING INTERVAL : 10 US
PROGRAMMED STEP RESPONSE TO ASYMFTOTIC LEVEL : 20 Us
CHANNELS USED H CH7,CH8
FREQUENCIES USED H F4,F5

THE NUMBER OF CROSSPRODUCTS (SRUARES) SUMMED IN A SINGLE GATE IN ONE DUMP IS

SCANCOUNT*4-3

PULSECODES
e 2

TWO DIFFERENT PULSECODES ARE USED
PC1, SYSTEM 2:1:4, LAGINCREMENT=4, LAG1=4@ US
PC2, SYSTEM 2:1 , LAGINCREMENT=6, LAG1=40 US

ELEMENT PULSES, FILTERING, SAMPLING, GATING,
GATE SEPARATION AND GATE RESOLUTION AS IN THE
E-LAYER POWERPROFILES



136 ' AQ/;&

NUMBER OF GATES H 1]
RANGE TO THE FIRST GATE 8 90 KM
TOTAL RANGE COVERED H 90-267 KM

PULBECODE 1 (21114)

CHANNELS USED (ADDED TOGETHER) : CH3,CH4
FREQUENCIES USED H F@,F1
CORRELATOR ADDRESSES e 133-648
DECODING:

LAG FIRST ADDRESS FIRST GATE (4@ GATES)

X @133 B133-0206,USED IN BALANCING

1 a2e7 8211

2 @279 @279

3 2349 @349

4 2417 @423

S @483 487

& 8547 2547-06@8,0FFSETT (62 POINTS)

7 B6@9-668 B609-0668

NOISE INJECTION:@113-0117 (GATING=7, 5 POINTS)
SKY NOISE :@118-0132 (BATING=7, 15 POINTS)

NOTE:NOISE INJECTION AND SKY NOISE VALUES HAVE TO BE DIVIDED BY 4 IN
ORDER TO OBTAIN THE SAME SCALE AS IN X-PROFILE.

PULSECODEZ (2:1)
CHANNELS USED CHS,CHé6

FREQUENCIES USED H F2,F3
CORRELATOR ADDRESSES H Bs689-1003

DECODING:

LAG FIRST ADDRESS FIRST GATE (&8 GATES)

X 8689 2689-A757 ,USED IN BALANCING

1 fa758 @764

2 @824 e8z24

3 o887 easa7

4 @2947-1003 @947-1083, OFFSETT (57 POINTS)

NOISE INJECTION:R&&7-B4673 (GATING=7, 5 POINTS)
SKY NOISE 106740688 (GATING=7, 15 POINTS)

NOTE:NOISE INJECTION AND SKY NOISE VALUES HAVE TO BE DIVIDED BY 4 IN
ORDER TO OBTAIN THE SAME SCALE AS IN X-PROFILE.

IN BOTH CODES THE NUMBER OF CROSSPRODUCTS SUMMED IN A SINGLE GATE IN ONE
DUMP I6:

SCANCOUNT#4~3
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F-LAYER POWERPROFILES
e Y R e e s

NUMBER OF GATES (DATA,NOISE INJECTION,BACKGR.)
RANGE OF THE FIRST GATE AT CENTER POINT

GATE SEPARATION

GATE RESOLUTION (75% CONTRIBUTION)

SPATIAL WEIGHTING FUNCTION

TOTAL RANGE COVERED

GATE COINCIDING WITH THE FIRST LONGPULESE GATE
CORRELATOR ADDRESSES (TWO CHANNELS ADDED)

asL6

PULSE LENGHT

SAMPLING INTERVAL

GATING FACTOR

RECEIVER FILTERS

PROGRAMMED STEP RESFONSE TO ASYMPTOTIC LEVEL

CHANNELS USED (COMMON WITH THE E-POWERPROFILES)

FREQUENCIES USED

A/

43,5,15

78 KM

12 KM

12 KM

TRIANGLE WITH 24 KM BASE

78-582 KM

9TH
1004-1046,1047-1051 , 1052-1

88 Us
1@ uUs
7 (8 GATES ADDED)
25 KHZ, LIN
28 Us
CH7,CH8
F4,F5

NOTE: THE CALIBRATION PART (NOISE INJECTION, SKY NOISE) IS COMMON WITH
THE E-LAYER POWERPROFILE BUT BEFORE USING IT IN CONNECTION WITH THE
E-POWERPROFILES , THE VALUES HAVE TO BE DIVIDED BY 4 BECAUSE OF

DIFFERENCES IN THE GATING FACTOR.

THE NUMBER OF CROSSPRODUCTS SUMMED IN A SINGLE

SCANCOUNT#16-15

LONG PULSES
PR R s

NUMBER OF GATES (DATA,NOISE INJECTION,SKY NOISE)

RANGE OF THE FIRST GATE AT CENTER POINT
GATE SEPARATION

GATE RESOLUTION (ABOUT 75% CONTRIBUTION)
SPATIAL WEIGHTING FUNCTION AT ALL LAGS
ASE

TOTAL RANGE COVERED

NUMBER OF LAGS

LAG INCREMENT

CORRELATOR ADDRESSES (TWO CHANNELS ADDED)
840

PULSE LENGHT (USED ALSO AS REMOTE PULSES)
SAMPLING INTERVAL

RECEIVER FILTERS

PROGRAMMED STEP RESPONSE TO ASYMPTOTIC LEVEL
CHANNELS USED (ADDED TOGETHER)

FREQUENCIES USED

GATE IN ONE DUMP IS

25,2,10

174 KM

24 KM

48 KM

CUTTED TRIANGLE, 78 KM B

174-758 KM

21

1@ uUs
1@67-1591,1592-1633,1634~1

350 US

10 us

25 KHZ, LIN
20 Us
CH1,CH2
F&,F7
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WEIGHTING FACTORSs

LAG WEIGHTING FACTOR

a 1.000
i 1.832
2 1.0861
3 1.886
4 1.187
5 1.125
& 1.139
7 1.158
=] 1.157
@ 1.161
1@ 1.161
11 1.157
12 1.15@
13 1.139
14 1.125
15 1.107
16 1.086
17 1.0861
i8 1.832
19 1.000
20 2.964

THE LAGS OF THE OBTAINED TARGET ACF (AFTER SKY NOISE SUBTRACTION) HAVE
TO BE DIVIDED BY THE GIVEN NUMBERS TO OBTAIN A BOXCAR WEIGHTED TARGET
ACF ESTIMATE. THE NUMBERS CAN BE OBTAINED FROM THE FORMULA

WEIGHTING FACTOR= (35-I)*(16+I)/35#1&4, WHERE

I IS THE LAG INDEX, 35=PULSE DURATION DIVIDED BY SAMPLING INTERVAL AND
16 IS THE VOLUMEINDEX. FOR VARIANCE COMPUTATION ONE NEEDS THE NUMBER OF
CROSSPRODUCTS USED AT A GIVEN LAG. IF THE CHANNELS ARE REASONABLY WELL
BALANCED, THEN ONE CAN USE AS A NUMBER OF CROSSPRODUCTS AT A GIVEN LAG I
IN ONE RANGE GATE IN ONE DUMP

(SCANCOUNT*2-1) # (146+1)

THIS FORMULA APPLIES ALSO FOR THE SKY NOISE AND NOISE INJECTION GATES.
NOTE, HOWEVER, THAT WHEN ADDING THE 8KY NOIBE AND NOISE INJECTION GATES
TO OBTAIN THE FINAL ESTIMATE, ONE IS NOT ADDING INDEPENDENT GATES EXCEPT
AT ZERD LAG.

REMOTE STATION DATA
BB NI B 330 969632

THE REMOTE STATION VOLUME IS AT 3@9 KM ALTITUDE AND IS KEPT FIXED.

THE CORRELATOR DUMP CONSBISTS OF 5 OVERLAPPING TRIANGULAR WEIGHTED ACF:S WITH
21 LAGS AND THREE BOXCAR WEIGHTED CALIBRATION ACF:S (2 SKY NOISE ESTIMATE
AND 1 NOISE INJECTIOMN) IN THIS ORDER. THE 3RD TRIANGULAR WEIGHTED ACF HAS TH

E
SIGNAL, TWO NEIGHBORING ONES HAVE BEEN PROGRAMMED TO HAVE ABOUT 1/3 OF THE
SIGNAL CONTRIBUTION AT ZERQ LAG ( USING OVERLAPPING) AND THE FIRST AND FIFTH
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ACF:S SHOULD BE TOTALLY FREE FROM THE SIGNAL CONTRIBUTION IF THE TIMING IS
CORRECT.

THE WEIGHTING FACTOR IN THE SIGNAL ACF IS

WSIG(I)=30-I , WHERE I IS THE LAG INDEX.

THE NUMBER OF THE CROSSPRODUCTS IN EVERY DUMP IS

(SCANCOUNT#2-1) # (3@8-1)

THE WEIGHTING FACTOR OF THE SKY NOISE ACF IS 30@. IF THE TWO SKY NOISE
ESTIMATES ARE ADDED TOGETHER, THEN THE WEIGHTING FACTOR IS &@@ IN THE
RESULTING SUM. THE FACTOR WITH WHICH THIS SUMMED SKY NOISE ESTIMATE HAS TO
BE MULTIPLIED BEFORE SUBTRACTING IT FROM THE SIGNAL ACF IS
(SCANCOUNT#2-1) % (3@-1) / ( (SCANCOUNT#4-2) #30@) , WHICH CAN BE SIMPLIFIED TO
SKYFACTOR = (30-1)/60@

THE WEIGHTING FACTOR IN THE NOISE INJECTION GATE IS 3@@ AND THE NUMBER
OF CROSSPRODUCTS SUMMED TOBETHER IN A DUMP IS

(SCANCOUNT#2-1) #300
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AALRAA LIS LU UA LA RALR AL UL L L L AR AR LR AL LUR R UL LR R RAURN LA RA L AL LKL ARKRAAL LKL

%

% PROGRAM GEN-4

%

% BY TAUNO TURUNEN

% EISCAT HQ

A

% A PROGRAM RESEMBLING CP-1-F
%

% JAN. 19835

%

RULLL AT LS AL LT AL LRI LA R AR AL R LU LA L LA L LR LRER L LR LA R LT L LT KL LLLLLY

%
%

WRITE-EXP-HEAD, ,
(TAUNO) GEN-4: DESC
(TAUNQO) GEN-4-T:ELAN
(TAUNO) GEN-4-T: TLAN
(TAUNO) GEN-4-T-SUBR: LIST

WRITE-FILE
WRITE-FILE
WRITE-FILE
WRITE-FILE
4

SYNC -120
%

POINT-REF-H 181.6,76.5,3879.0

4

SET-ADC-INT
SET-ADC-INT
SET—-ADC-INT
SET-ADC-INT
SET-ADC—-INT
SET-ADC-INT
SET-ADC—~INT
SET-ADC-INT
%

1,18
2,10
3,10
4,10
5,10
6,10
7,10
8,10

SET-LOL 1@53.5

%

SET-L02 1,94.0
SET-LOZ 2,93.5
SET-LO2 3,93.0
SET-LO2 4,92.5
SET-L0O2 5,92.@
SET-LO2 6,91.5
SET-L02 7,91.@
SET-LO2 8,90.5

%
SET-BUF-MEM
SET-BUF-MEM
SET-BUF-MEM
SET-BUF-MEM
SET-BUF-MEM
SET-BUF-MEM
SET~-BUF-MEM
SET-BUF-MEM
%4

SYNC 3@

2,2048
3,712

4,2750
5,1020
b,3068
7,1318
8,3366
1,2000

AR 2

%ZPC1 (4-PULSE)

%PC1 (4-PULSE)

ZPC2 (3-PULSE)

ZPCZ (3-PULSE)

ZE- AND F-LAYER POWERPROFILES

“ZE~ AND F-LAYER POWERPROFILES

%*LP1, MUST BE THE LAST SET-BUF-MEM COMMAND



A
SET-SIG-ATT
SET-CH-ATT
SET-CH-ATT
SET-CH-ATT
SET-CH-ATT
SET-CH-ATT
SET-CH-ATT
SET-CH-ATT
SET-CH-ATT
%
SET-FILTER
SET-FILTER
SET-FILTER
SET-FILTER
SET-FILTER
SET-FILTER
SET-FILTER
SET-FILTER
A
SET-SIG-PAT
%

“

|80

o S R T )

1,LIN,25
2,LIN,25
3,LIN,25
4,LIN,25
5,LIN,25
6,LIN,25
7,LIN,25
8,LIN,25

H ALLX
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LOAD-RA-CON (EXP)GEN-4-T

%
SYNC 2@
%

LOAD-CORR (EXP)GEN-4-T:CCOD

4

SYNC 2@

%
SET-COR-APB
SET-COR-APB
SET-COR-APB
SET-COR-AFPB
SET-COR-APB
SET-COR-APB
SET-COR-APB
SET-COR-AFB
SET-COR-AFPB
SET-COR-AFPB
SET-COR-APB
SET-COR-APB
%
SET-COR-AFPB
%

A
SET-COR-APM
SET-COR-APM
SET-COR-APM
SET-COR-APM
SET-COR-APM
SET-COR-APM
SET-COR-APM
SET-COR-APM
SET-COR-APM
SET-COR-APM
“

15,16
14,20
13,25
12,4
11,7
10,148
9,6

9
7,138
6,226
5,504
4,160

2,1

15,0
14,113
13,133
12,669
11,689
10,1004
9,1067
8,1%592
7,1634
b,1844

“VOLUMEINDEX
ZLPLAGMAX
#LPNOGATES ,
ZUNILAGINCR1
ZUNILAGMAX1
ZUNINOSAMPLE
AUNILAGINCRZ2
ZUNILAGMAXZ2
ZUNINOSAMPLE
“PPNOSAMPLES
%“PPNOSAMPLES
“PPNOSAMPLES

ZAPBINCR

%RESENTRY1,
%RESENTRY2,
%RESENTRY3,
%RESENTRY4,
%RESENTRYS,
%RESENTRY®&,
%RESENTRY7,
%RESENTRYS,
%RESENTRYS,
%RESENTRY1@,

A2p

SCATTER DATA

S1 (CODE1 =4-PULSECODE)
2 (CODE2=3-PULSECODE)
1 s E-POWERPROFILE

2
3

s F-POWERPROF ILE
yPC-CALIBRATIONS

E-POWERPROFILE
PC1CAL
PC1
PC2CAL
PC2
F-POWERPROFILES + POWER CALIBRATIONS
LP SCATTER GATES (23)
LP NOISE INJECTION (2)
LP SKY NOISE (1@)
SCANCOUNTADDRESS
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%

SET-COR-APM 3,20 ZLPMAXLAG
%
SET-COR-APM 0,1 ZAPMINCR

%

%

SET-COR-DATAID 1845

x

%

% FOR THE STRUCTURE OF DATA DUMP, SEE THE GEN-4:DESC
4

SYNC 20

%

START-CORR

SYNC 10

%

ENABLE-DMA

%

SYNC 1@

%

START-RA-CON 10,1,1@

%

SYNC 10

%

DO -1

START-REC

SYNC 1200

STOP-REC

ENDDOD
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%
%
%
“
“
%
%4
r4
%

GEN-4, FILE GEN-
AN ALGORITHM RES

BY TAUNO TURUNEN

4-T: TLAN
EMBLING THE CP-1

,» EISCAT HR, NOV. 1984

GEOMETRICAL PROPERTIES FROM CP-1

KLU A AL AT ARSI AL AL LA LS LA LA LA LN AL L LA L LA LLALL LA LTL

“
%

AT 1 TRANS,CHRPULS

AT
AT
AT
AT
AT

ie

50

60

100
119
120
139
14@
159
160
179
180
199
200
219
220
239
240
259
260
279
280
299
3a0
319
320
339
340
359
368
379
380
399
400
419
47@
520
570

SETTCR

RXPROT,LOPROT
BEAMON
Fo
RFON
RFOFF ,F1
RFON
RFOFF ,F2
RFON
RFOFF ,F3
RFON
RFOFF ,F@
RFON
RFOFF ,F1
RFON
RFOFF ,F@
RFON
RFOFF,F1
RFON
RFOFF ,F2
RFON
RFOFF ,F3
RFON
RFOFF ,F4
RFON
RFOFF ,F2
RFON
RFOFF ,F3
RFON
RFOFF ,F5
RFON
RFOFF ,F@
RFON
RFOFF ,F1
RFON
RFOFF , BEAMOFF
RXPOFF
LOPOFF
RECEV

615 %6135

#%CODE1,CH3,F@ 4-PULSECODE
%CODE2,F1,CH4 4-PULSECODE
%CDDE3,CHS,F2, 3-PULSECODE
%CODE4,CH6,F3 3-PULSECODE
%4-PULSECODE 2:1:4, LABINCREMENT 4, LAG1=40 US

%3-PULSECODE 2:1 , LAGINCREMENT &, LAG1=60@ US
%ELEMENT PULSES 19 US, RFOFF GAPS 1 US

%E-POWERFROFILEL,CH7 ,F4

%E-POWERPROFILE2,CH8,FS



A /10
144

AT 28 CH7
AT 8@ CHB
AT 1@8@ CH3
AT 120 CH4
AT 14@ CHS
AT 16@ CHé

4 THE FIRST PULSEECODEGATE AT 9@ KM
% THE FIRST E-POWERGATE AT 48 KM

“

AT 34@ CHi,CH2 % SKY NOISE SAMPLING FOR LONG PULSE CHANNELS

%

% NUMBER OF SAMPLES NEEDED: PULSECODES 1,2 148

AT 1315
AT 1335
AT 1573
AT 1595
AT 2275
AT 2335

AT 2400
AT 3115

%
% PHASE
%

PULSECODES 3,4 138
E-POWERPROF ILES 226
CH1,CH2 SKY NOISE 200 (1@ GATES)
CHSOFF
CH&OFF
CH30FF
CH40FF
CH70FF
CH10FF ,CH20FF ,CHBOFF ,CAL 100

CH1,CH2
CH10FF,CH20FF ,CAL® 472 NOISE INJECTION SAMPLES ,CH1,CH2
% (2 GATES)

2

£

SETTCR 3750

AT 1 TRANS

AT 1@ RXPROT,LOPROT
AT 5@ BEAMON



%

AT 615 CH1
AT 823 CH7
AT 91@ CH8
AT 97@ CH2

%

4

%

ES.

“

%

“

Z

%4

AT 4260
AT 4345
%

A

%

AT 5018
AT 5365
“

%

%

AT &BAS
AT 6400
%

%

AT 6450
AT 7600
AT 7645
AT 7685
%

%

CH70FF
CHBOFF

CH1OFF
CH20FF ,CAL 100

AR (11
145

% F-POWERPROFILE GATING B SAMPLES

% LP VOLUMEINDEX 16, MAXLAG 20, SAMPLING 1@US

% FIRST FPP-GATE AT 78 KM, BATE SEPARATION 12 KM

4 P-P RESOLUTION 24 KM, 75% RESOLUTION 12.@ KM, 43 GAT

% F-POWERPROFILE RANGE COVERAGE 78-594 KM

4 FIRST LP-GATE AT 174 KM RANGE, GATE SEPARATION
% 24 KM, 25 GATES, RANGE COVERAGE 174-750 KM.

% 75% RESOLUTION APPROXIMATELY 4@ KM.

%4 PP-SEPARATION 78 KM (VOLUME BOUNDARY SEPARATION)

4344 SAMPLES FOR 43 F-POWERPROFILE GATES

%440 LP-POINTS SAMPLED FOR 25 SCATTER GATES

CH3,CH4 ,CHS,CH&,CH7 ,CHB

ALLOFF,CALD

%48 SAMPLES OF NOISE INJECTION, CH3,...,CH8

CH3,CH4 ,CHS,CH& ,CH7 ,CHB

8TC
ALLOFF
BUFLIP

SETTCR 200
AT 12500 REP

%120 SAMPLES OF SKY NOISE CH3,...,CH8
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% %
% GEN-4-T-SUBR:LIST 4
% %
% FOR MASTER PROGRAM GEN-C-L1U2P3:CLAN %
%* %
KALLARL DAL L LA IR L AL AL LA LERRRL LR RK L LA LREL TS LRLARIKRLL LR L AAL LA
NEXT

CALL SUBRLIST

NEXT

CALL SUBRLIST

4

% NOTE: APPEND THE SUBROUTINE SUBRLIST AFTER THE SCANCOUNT
A COMMAND IN THE MASTER PROGRAM

NEXT

SUBROUTINE SUBRLIST

RSAPM (RESTARTADD) =RSAPM (RESENTRY?)

RELOAD LCR3
RELOADVALUE=RSAPB (UNILAGMAX2) +RSAPB (UNILAGINCRZ2)
CALL LONGPULSE 4ZLP SKY NODISE, 1@ GATES

NEXT

RSAPM (RESTARTADD) =RSAPM (RESENTRY8)

RELOAD LCR3

RELOADVALUE=RSAPB (APBINCR) +RSAPB (APBINCR)

CALL LONGPULSE %LP NOISE INJECTION , 2 GATES

NEXT

RSAPM (RESTARTADD) =RSAPM (RESENTRY?7)

RELOAD LCR3

RELOADVALUE=RSAPB (LPNOGATES)

CALL LONGPULSE %LP SCATTER GATES, 25 GATES

NEXT

RSAPM (RESTARTADD) =RSAPM (RESENTRY3J)

RELOAD LCR1

RELOADVALUE=RSAPB (APBINCR?

CALL UNIPROG1 4ZPC-1,4-PULSECODE

NEXT

RSAPM (RESTARTADD) =RESAFPM (RESENTRY2)

RELOAD LCR1

RELOADVALUE=REAPEB (UNILAGMAX1)

CALL POWERPROFILE3 %“PC-1 CALIBRATION

NEXT

RSAPM (RESTARTADD) =RSAPM (RESENTRYS)

RELOAD LCR1

RELOADVALUE=RSAPB (APBINCR)

CALL UNIPROGZ2 %ZPC-2 ,3-PULSECODE
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NEXT

RSAPM (RESTARTADD) =RSAPM (RESENTRY4)

RELOAD LCR1

RELOADVALUE=RSAPB (UNILAGMAX1)

CALL POWERPROFILE3 4PC-2 CALIBRATION

NEXT

RSAPM (RESTARTADD) =RSAPM (RESENTRY1)

RELOAD LCR1

RELOADVALUE=RSAPB (APBINCR)

CALL POWERPROFILE1L ° ZE-POWERPROFILE

NEXT

RSAPM (RESTARTADD) =RSAPM (RESENTRY&)

RELOAD LCR1

RELOADVALUE=RSAPB (UNILAGMAX1)

CALL POWERPROFILEZ2 %F-POWERPROFILE+CALIBRATION

NEXT

RSAPM (RESTARTADD) =RSAPM (RESENTRY18) Z“SCANCOUNTADDRESS
RETURN

%

% NOTE THE SPECIAL ARRANGEMENT FOR THE SCANCOUNT ADDRESS
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% %
% CORRELATOR PROGRAM GEN-C-L1U2P3:CLAN %
% b3 30 Bk Db D3 U B N A 36 3 I3 0 36 3 8 9 6 3 3 3 35 3 3 3 W 9 3338 96 %L
% %
% THIS PROGRAM CONTAINS THE FOLLOWING SUBROUTINES: %
% %
% LONGPULSE %
% UNIPROG1 %
% UNIPROGZ %
% POWERPROFILE1 %
% POWERPROFILEZ2 %
% POWERPROFILES %
% %
% GEN-SERIES OF CORRELATOR PROGRAMS %
% %
% GEN-A-L3P2 %
% BEN-B-L2U1P2 %
% GEN-C-L1U2P3 %
% GEN-D-U3P2 %
% GEN-E-L1ULP3I %
% GEN-R-R21I1 %
% %
% THE PROGRAM NAME SHOWS THE SUBROUTINE STRUCTURE, %
% GEN-REMDTE IS A REMOTE STATION ORIENTED PROGRAM. %
% %
% %
% PROGRAM DEVELOPMENT: TAUNO TURUNEN %
% EISCAT H@ , MARCH 1985 %
% %
R Lttt ht A S R h R b L AR KAt et Kl LA L he he K K A A ALl U AL AL ALLLLLL
%
% TABLE OF INDEXES
% I3 33 I3 I I I e eI I I I W%
%
% APB STACK REGISTERS
%
%
% ###_ONBPULSE APB STACK#%x
INDEX VOLUMEINDEX=15,LPLAGMAX=14,LPNOGATES=13
%
% ###UNIPRDG1 APB STACK#*##
INDEX UNILAGINCR1=12,UNILAGMAX1=11,UNINOSAMPLES1=10@
%
% ###UNIPROGZ APB STACK*#x
INDEX UNILAGINCR2=%9,UNILAGMAX2=8,UNINOSAMPLES2=7
%
% ###POWERPROFILEL APB STACK##%
INDEX PPNOSAMPLES1=64
%
% ###POWERPROFILEZ APB STACK###
INDEX PPNOSAMPLESZ2=5
%
% ###POWERPROFILEZ APB STACK*##
INDEX PPNOSAMPLES3=4
%
% ###TEMPORARY STORABES USED BY PROGRAM###
INDEX LAGINDEXCOUNTER=3
INDEX BUFFERJUMPER=2 % USED ALSD AS UNILAGINCR REBGISTER
INDEX BUFSTARTADD=1 .
%
% ###CONSTANT  (=1) #sa

INDEX APBINCR=@

4

AR
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%
“ APM STACK REGISTERS
%
%
A - ###PROGRAMMABLE RESULT MEMORY START ADDRESSES#*##

INDEX RESENTRY1=15,RESENTRY2=14,RESENTRY3=13,RESENTRY4=12
INDEX RESENTRYS=11,RESENTRY&=10,RESENTRY7=%,RESENTRY8=8
INDEX RESENTRY9=7,RESENTRY1@=6,RESENTRY11=5,RESENTRY12=4
%

% ##% LONGPULSE (SAME VALUE AS IN LPLAGMAX) ###
INDEX LPMAXLAG=3

%

% ##%# TEMPORARY STORAGES USED BY PROGRAM#*#*

INDEX RESULTJUMPER=2

INDEX RESTARTADD=1

“

% #%#CONSTANT (=1) ###

INDEX APMINCR=@

R LR LR Rl R LR IR LTS R LIS UL LN LR LR R LR LS A LA LA L LA KL T
% %
4 COMPILER SUBSTITUTES THE NAMES WITH THE GIVEN NUMBERS %
% %
A EXAMPLES: RSAPB (LAGMAX)=RSAPB(14) A
% RSAPM (APMINCR) =RSAPM (@) A
A 4

R Rl R R LR LA LR LN LN RN LA LR LR UL AL L L L LR R RL AL AL LA L LAY,
4

“ MAIN PROGRAMS CONTAIN USUALLY A LIST OF SUBROUTINE CALLS.
A THE MAXIMUM NUMBER OF SUBROUTINE CALLS IS 14.

“

% THE FOLLOWING SIX DIFFERENT SUBROUTINE CALLS ARE ALLOWED:
“

% NEXT

% RSAPM (RESTARTADD) =RSAPM (RESENTRYN)

A RELOAD LCR3

% RELOADVALUE=(ANY SUITABLE REGISTER COMBINATION)

4 CALL LONGPULSE

%

%

% NEXT

A RSAPM (RESTARTADD) =RSAPM (RESENTRYN)

% RELDAD LCR1

“ RELOADVALUE= ( ANY SUITABLE REGISTER COMBINATION)
% CALL UNIPROG1

%

rd

% NEXT

“ REAPM (RESTARTADD) =RSAPM (RESENTRYN)

% RELOAD LCR1

“ RELOADVALUE= (ANY SUITABLE REGISTER COMBINATION)
Z CALL UNIPROGZ2

%

“

% NEXT

% RSAPM (RESTARTADD) =RSAPM (RESENTRYN)

4 RELOAD LCR1

4 RELOADVALUE= (ANY SUITABLE REGISTER COMBINATION)
4 CALL POWERPROFILE1

%

A 15
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NEXT

RSAPM (RESTARTADD ) =RSAPM (RESENTRYN)

RELOAD LCR1

RELOADVALUE= (ANY SUITABLE REGISTER COMBINATION)
CALL POWERPROFILEZ

NEXT

REAPM (RESTARTADD) =RSAPM (RESENTRYN)

RELOAD LCR1

RELOADVALUE= (ANY SUITABLE REGISTER COMBINATION)
CALL POWERPROFILE3

NOTE: IN THE EXAMPLE COMMANDS THE RESENTRYN MUST BE SOME
OF THE POSSIBILITIES RESENTRY1,RESENTRYZ2...RESENTRY11.

NOTE: THE RSAPM(RESTARTADD)=.... CAN ALSO BE IN THE FORM:
RSAPM(RESTARTADD) =@

NOTE: THE RSAPM(RESTARTADD)=.. SPECIFIES THE FIRST RESULT
MEMORY ADDRESS USED BY THE CALLED SUBROUTINE. THIS
ADDRESS IS GIVEN BY THE USER IN THE CORRELATOR AFM
STACK LOADING. REGISTERS APM(15)-APM(4) HAVE BEEN
RESERVED FOR RESENTRIES RESENTRY1....RESENTRY12.

NOTE: IF THE LINE RSAPM(RESTARTADL)=... IS OMITTED ,THE
DEFAULT VALUE IS THE FIRST HIGHER ADDRESS WHICH WAS NOT
USED BY THE PREVIOUS SUBROUTINE AND IN CASE OF THE FIRST
SUBROUTINE CALL THE DEFAULT VALUE IS ZERO.

NOTE: IN LONGPULSE ROUTINE ONE HAS TO LOAD LCR3 TO A VALUE
WHICH GIVES THE NUMBER OF GATES. ONE REGISTER IS
RESERVED FOR THE PURPOSE AND THE OTHER VALUES HAS TO BE
FORMED BY SUITABLE ARITHMETICAL OPERATIONS IN SIMILAR
WAY AS IN THE UNIPROG GATING EXPLAINED BELOW.

NOTE: IN UNIPROG AND POWERPROFILE CALLS ONE HAS TO
LOAD LCR1. THIS COMMANDS THE GATING.

THE VALUE GIVEN IS THE NUMBER OF RANGES ADDED
TOGETHER -1. THUS A COMMAND

RELOAD LCR1
RELOADVALUE=0

CAUSES "NORMAL" POWERPROFILE AND UNIPROG
BEHAVIOUR. ONLY ONE REGISTER IS FREE
AND THUS ONE HAS TO USE REGISTERS IN
"CLEVER" WAY.

EXAMPLES:

RELOADVALUE=@

RELOADVALUE=RSAPB (USERREG)

RELOADVALUE=RSAPB (APBINCR)

RELOADVALUE=RSAPB (UNILAGINCR1) -RSAPB (APBINCR)
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4

%

% NOTE: THE LAST EXAMPLE, WHEN USED IN

% CONNECTION WITH UNIPROG CALL, CAUSES THAT

% THE OQUTPUT IS ALWAYS EQUIVALENT TO LAGINCREMENT=1
% DATA. SO THE ROUTINE ADDS THEN ALTITUDE

% GATES TOGETHER AND LAGINCREMENT GIVES THE NUMBER
% OF ADDED GATES. WHEN USED IN CONNECTION WITH

“ UNIPROG AND THE MODULATION IS PULSE CODE,

% THE LAGINCREMENT DIVIDED BY THE NUMBER OF

% RANGEGATES ADDED TOGETHER MUST BE AN INTEGER.

% OTHERWISE THE DATA CANNOT BE DECODED.

“

%

%

4 NOTE: THE SUBROUTINES ARE WRITTEN S0 THAT THE

% FIRST SAMPLE TAKEN FROM THE BUFFER MEMORY

% IS IMMEDIATELY AFTER THE LAST USED SAMPLE

A OF THE PREVIOUS SUBROUTINE. THE FIRST

“ SUBROUTINE ASSUMES BUFFER MEMORY START

% ADDRESS TO BE ZERO.

%

% NOTE: THE LAST CALLED SUBRDUTINE MUST USE THE HIGHEST
% ADDRESSES OF THE RESULT MEMORY. IF THIS RULE IS
% VIOLATED, SPECIAL ARRANGEMENTS HAS TO BE DONE FOR
% GETTING SCANCOUNT INTO A CORRECT ADDRESS.

“

AR LR LR AL L LR LAL LS CR LR LTSGR L LSS LA L LT AL L LT AL LA AL LKL LS
TR LR LA LR LU LA LLLLTLL LR L ALV LN L L L LA LT LA L L L L L LA LAY,
LLLL THE FIRST COMMAND IS THE IDLE LOOP LRLLLRRLLRLLLKRLALL L
LRTA DO NOT TOUCH THIS COMMAND CRRALRRLRLLLLRL ALY
R R AR LA L LC L L LR LR L LR AL LR LRI AL LA L LLLLA LA LA LLLLT
R L R L L L R LR LR LNl R LN LR L L REL LA L L L AR LALLLLL YLD
%

%
LOCATION=0

LABEL ZERO

RSAPB (BUFSTARTADD) =0

RSAPM (RESTARTADD) =@

CONTINUE ZTHE IDLE LOOP ENDS HERE

L L L L LA LSS LALL N LSL R L LR LA LA L AL AL AL LA LA LLL LT
QR LRSS AL L L LA LS LR L L LR AL AL LA LA LA LA LA TLALL LA LY
Z%%44  THE MAIN PROGRAM DEFINED BY THE USER BEGINS HERE %ZX%Z%%Z
TR L LR UL LA LU LR LA AL ALK LRI TR LA L UL L LA L LK LA LA L LA LTS,
R L L LA LR LL LR L S LN LT LR LR LR RN LA L LAR LR LA LA LK LALLLY,
QUL LS AL L LA AS AT LR CARE AL AL RS AL AT LA LLLL AL AL LA LA L LR YL ALALL

% %
rA GEN-4-T-SUBR: L.IST %
% A
A FOR MASTER PROGRAM GEN-C-L1U2P3:CLAN %
% : %
TR LR R R R R LR LU LN LI LTV LN R LR LR LA LR LA NT LA LRAL R LL LA LA LKLY
NEXT

CALL SUBRLIST

AL/
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NEXT
CALL SUBRLIST

“

%

UULLLLSAAAAL AL DAL LLLRLL LI LL L LR LT AL AL LALARLLL AR LR RL AL LA LLLTLL,
RALLL LA AL L AL LS AL L RA AL AL RL AL LA L LA LA AL LN RELLRRA LRI R LLLALLLLLLL
YA%ALY THE USER'S MAIN PROGRAM ENDS HERE YUAAALAUAUALALLLLLLLLLLLL
4%%%4% POSSIBLE USER'S SUBROUTINES CAN LARCLIRLLLLLLREALLLLL LT
%A%%%4 START AFTER THE SCANCOUNT COMMAND %AARAAARARALLALALLLLLL
UL LA LA A AL LA AL L LTI LRI AL LR L LA L LA L LR LR LLLLLLLLLLLL,
KALLL LI AL LS ALALL LR L L EUEALI AL L L LA L L LR LR LRI RARLLLLLLLLLLLL

Y A
% SCANCOUNT TERMINATES THE COMPUTATION AND %
% MUST BE THE FIRST COMMAND AFTER THE USERS “
“ MAIN PROGRAM 4
% %
UALLARL LS DAL ASA AL L AL AL AL LS LRI ALL LA IS AL CAL AL L L LR LR LLLLALL L
SALL AL A AL LA AALAAIAL AL LA AL LT AL LLL L LI LA L AL AL L LTI LL DAL LLLLRL LAY
NEXT

LABEL SCANCOUNT
RESMEMADDRESS=RSAPM (RESTARTADD)
CHANNEL 1=-1 CHANNELZ=-1
INITIALIZE ACCUMULATOR

LOAD IREG

STORE OREG

STROBE IREG

GOTO LASTCOMMAND

%4

%
RALLLA LSS L AT LS AL RLL L LT LRRERLA LR AL LA LA LREA LRI L RL R LT LLLLLLL L
LAl LT LA LTSS A S AL AL LALLLL L AL LTI L LA LLALTLLL LTI LLL LA L LLLLL LAY,

“ %
% THE SUBROUTINES WRITTEN BY THE USER CAN START HERE “
% %

UARLARAL LR ALL AL AL R A ARAAR AU A AL LAAA LA AL UL AL LLKAUAK R ALK L AAARNLAAL
BALLLLALRAL AL L AL AS AL LTI LA L LR LR REAL LA LT LRI LG ARRLLLLLAL LR LT LT
NEXT

SUBROUTINE SUBRLIST

RSAPM (RESTARTADD) =RSAPM (RESENTRY®?)

RELDAD LCR3

RELOADVALUE=RSAPB (UNILAGMAX2) +RESAPB (UNILAGINCR2)

CALL LONGPULSE %ZLP SKY NOISE, 1@ GATES

NEXT

RSAPM (RESTARTADD) =RSAPM (RESENTRYS8)

RELOAD LCR3

RELOADVALUE=RSAPB (APBINCR) +RSAFPB (AFBINCR)

CALL LONGPULSE %LP NOISE INJECTION , 2 GATES

NEXT

RSAPM (RESTARTADD) =RSAPM (RESENTRY7)

RELOAD LCR3

RELOADVALUE=RSAPB (LFNOGATES)

CALL LONGPULSE %LP SCATTER GATES, 25 GATES

AL/g
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NEXT

RSAPM (RESTARTADD) =RSAPM (RESENTRYJ3)

RELOAD LCR1

RELOADVALUE=RSAPB (APBINCR)

CALL UNIPROG1 “PC-1,4-PULSECODE

NEXT

RSAPM (RESTARTADD) =RSAPM (RESENTRY2)

RELOAD LCR1

RELOADVALUE=RSAPB (UNILAGMAX1)

CALL POWERPROFILE3 4ZPC-1 CALIBRATION

NEXT

RSAPM (RESTARTADD) =RSAPM (RESENTRYS)

REL.OAD LCR1

RELOADVALUE=RSAPB (APBINCR)

CALL UNIPROG2 %“PC-2 ,3-PULSECODE

NEXT

RSAPM (RESTARTADD ) =RSAPM (RESENTRY4)

RELOAD LCR1

RELOADVALUE=RSAFPB (UNILAGMAX1)

CALL POWERPROFILE3 %PC-2 CALIBRATION

NEXT

RSAPM (RESTARTADD) =RSAPM (RESENTRY1)

RELOAD LCR1

RELOADVALUE=RSAPB (APBINCR)

CALL POWERPROFILE1 “E-POWERPROFILE

NEXT

RSAFPM (RESTARTADD) =RSAPM (RESENTRY&)
RELOAD LCR1

RELOADVALUE=RSAPB (UNILAGMAX1)

CALL POWERPROFILEZ2 ZF-POWERPROF ILE+CALIBRATION
NEXT

RSAPM (RESTARTADD) =RSAPM (RESENTRY1@) “%SCANCOUNTADDRESS
RETURN

“

%
R LR L LR R R LA L LS L LN LUl L LA L ALl LTSI AL LSS SRS A ALLA T
L L LR L Ll N L LR LR LA AL S A L R R LT L LRIl LA AL LS ALl LAL ALY

“ 4
Z EVERYTHING WRITTEN BY THE USER MUST END HERE %
% %
L L LR R L LR LA LA I AL R AL LR L A LA AL LS ALK LA AL LK
ALK LIRS LA L L R L L R LR AL L ALL T LAl A AR TS LK AR LA T
L LRI LRSS AR LR LL LA LA AL L LIRS LA LS LRSSl ho T
A %
% SUBROUTINE UNIPROG1 %

Y %
R L L R LRI LR AU LT LTSS AL L AL LL LA LA L L LS LT RI KL LSS A LAT ALK
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NEXT

SUBROUTINE UNIPROG1
RSAPB (LAGINDEXCOUNTER) =@
CONTINUE

NEXT

LC1=LCR1

RELDAD LCR3
RELOADVALUE=RSAPB (UNILAGMAX1)
CALL DUMMY

NEXT

LC3=LCR3

RSAPB (BUFFERJUMPER) =RSAFB (UNILAGINCR1)
CONTINUEANDPUSH

NEXT

LABEL UNICOMPUTE1

RELOAD LCR2

RELOADVALUE=RSAPB (UNINOSAMPLES1) ~-RSAPB (LAGINDEXCOUNTER)
GOTO UNIENTRY

?ZZZZZ%ZZ%%ZZZZZZZZZZZZZZZZZ%ZZZZZZ%ZZZZZZZZZX%ZZZZ%%%Z%%ZZZZ?
é SUBROUTINE UNIPROG2 ?
iZZ%ZZZZZZZZZXZZZ%Z%XZZZZXZZZ%ZZZKZZZ%%%%ZZZZ%%Z%ZZZXZ%%%%ZZZQ
NEXT

SUBROUTINE UNIPROGZ2
RSAPB (LAGINDEXCOUNTER) =0
CONTINUE

NEXT

LCi=LCR1

RELOAD LCR3
RELOADVALUE=RSAPB (UNILAGMAX2)
CALL DUMMY

NEXT

LC3=LCR3

RSAPB (BUFFERJUMPER) =RSAPB (UNILAGINCR2)
CONT INUEANDPUSH

NEXT

LABEL UNICOMPUTEZ2

RELOAD LCR2

RELOADVALUE=RSAPB (UNINOSAMPLESZ) -RSAPB (LAGINDEXCOUNTER)
GOTO UNIENTRY

%

/\gz/ﬁﬁ
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%
%
“
%
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%
LREARLLRLLLLLLL LS LAIAL R LL LS L AL LA R R LT LI LA LKA KL LAR LN RL AL LKL LL
%
A PROGRAM UNIPROG
% LC1=GATINGCOUNTER
% LC2=PRODUCT COUNTER
“ LC3=LAG COUNTER
A
LA L UL LIS LS LL AL AL LA R LA AL R LT LSRR LN LR AL LR LT AL L LT,
NEXT
LABEL UNIENTRY
CONTINUE
NEXT
LC2=LCR2

BAPB=RSAPB (BUFSTARTADD) —RSAFB (APBINCR)
OAPM=RSAPM (RESTARTADD)
CONTINUE

NEXT

LABEL SAMERESADDRESS
BUFFERADDRESS=BAPB+RSAPB (APBINCR)
RAPB=BUFFERADDRESS

RESMEMADDRESS=0APM

RAPM=RESMEMADDRESS

CHANNEL 1=X#X+Y#Y

CHANNEL 2=Y#X—-X#Y

IF (LC2=@) THEN GOTO LAGTEST ELSE CONTINUE

NEXT

LABEL PROFILECOMPUTE
BUFFERADDRESS=QAPB+RSAPB (LAGINDEXCOUNTER)
RESMEMADDRESS=APM

RSAPM (RESTARTADD) =RESMEMADDRESS

CHANNEL 1=0LDVALUE#*X+0LDVALUE#*Y

CHANNEL 2=0LDVALUE#*X-0LDVALUE*Y
INITIALIZE ACCUMULATOR

STROBE IREG

LOAD IREG

STORE OREG

LC2=LC2-1

IF (LC1=@) THEN LC1i=LCR1 ELSE LCi=LC1-1
IF (LC1=@) THEN CONTINUE ELSE GOTO SAMERESADDRESS

NEXT

BUFFERADDRESS=QAPB+RSAPB (APBINCR)
RAPB=BUFFERADDRESS
RESMEMADDRESS=0APM+RSAPM (APMINCR)
QAPM=RESMEMADDRESS

CHANNEL 1=X#X+Y#Y

CHANNEL2=Y#X—-X#Y _

IF (LC2=@) THEN CONTINUE ELSE GOTO PROFILECOMPUTE

A [a
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NEXT

LABEL LAGTEST

QAPB=QAPB+RSAPB (LAG INDEXCOUNTER)

RSAPM (RESTARTADD) =QAPM

IF (LC3=8) THEN GOTOANDPOP UNIFINISH ELSE CONTINUE

NEXT

RSAPE (LAG INDEXCOUNTER) =RSAPB (LAGINDEXCOUNTER) +RSAPB (BUFFERJUMPER)
LC3=LC3-1

GOBACK

% THE PROGRAM STEP "UNIFINISH" IS AFTER THE GEN-DUMP ROUTINE

RAALL LA AL A LTI S LA L AT AL LTI LLILL AL AT AL LARAATLL LI ILLLLLRLLLL

? SUBROUTINE POWERPROFILES ;
; LC1=GATING COUNTER ;
“ LC2=SAMPLE COUNTER ?
2%ZZZZZZZZZZZZZZZZZZZZZZZZZ%ZZZZ%ZZZZZZZZXZZZZZZZZ%XZZZZZZZ%é
zEXT

SUBROUTINE POWERPROFILES
RSAPB (LAGINDEXCOUNTER) =@
CONT INUE

NEXT

LC1=LCR1
RELOAD LCR3
RELOADVALUE=0
CALL DUMMY

NEXT

LC3=LCR3

RELDAD LCR2

RELOADVALUE=RSAPB (PFNOSAMPLESS3)
GOTOANDPUSH UNIENTRY

%
4
%
KL LKA L LRA S LKA ILARL LA LA LT LR L LN L LA L L LLLLACA LR LLLARLLLLL AL LT LT

Y %
% PROGRAM GEN-DUMP %
Z u/.
% THIS PROGRAM CONTROLS THE DATA TRANSFER AND %
% MUST START FROM THE LOCATION 32 %
% A

RLLASA LRI AL LS AL IR LA L AL AL LRSS LLA LT LTSS LLRCL L LSRR T L RRL LT
% .
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%

%

LOCATION=32
RELOAD LCR1
RELOADVALUE=DATAIL
PREPARETRANSFER
CONTINUE

NEXT
PREPARETRANSFER
CONTINUE

NEXT

TRANSFER STATUSWORD
BAPM=—RSAPM (APMINCR)
LCi=LCR1

CONTINUE

NEXT
TRANSFER CONTROLWORD
CONTINUE

NEXT

LABEL TRANSFERLOOP

LC1=LCi-1
RESMEMADDRESS=QRAPM+RSAPM (APMINCR)
FAPM=RESMEMADDRESS
QAPB=RSAPB (APBINCR) +RSAPB (APBINCR)
TRANSFER CHANNEL1 MSPART

CONTINUE

NEXT

RESMEMADDRESS=0APM

TRANSFER CHANNEL1 LSPART
RELOAD LCR2
RELOADVALUE=RAPB+RSAPB (APBINCR}
CONTINUE

NEXT

RESMEMADDRESS=QAPM
TRANSFER CHANNEL2 MSPART
CONTINUE

NEXT

RESMEMADDRESS=0APM

TRANSFER CHANNEL2 LSPART

LC2=LCR2

IF (LC1=@) THEN CONTINUEANDPUSH ELSE GOTO TRANSFERLOOP

NEXT

LABEL FINISHLOOP

LC2=L.C2-1

FINISHTRANSFER

SET START-EXPERIMENT MODE

IF (LC2=8) THEN GOTO ZERO ELSE GOBACK

AR [
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%
% THE TRANSFER ROUTINE ENDS HERE
LR L LR LR LRI R L AR LR RL LR LR AL LKL AL LA L TS LSS L AL L AL LA L ALAALALAL LY,

% %
% THE LAST COMMAND OF THE UNIPROG ROUTINE %
Z A
LRI LRI L L LA L L L RS L L L R UL L LA L T LTS LALA LA AL LALL A%
NEXT

LABEL UNIFINISH
RSAPB (BUFSTARTADD) =RAPB

RETURN

RRRRL LRI LA L LI R AL ALY LR LI LR AL UL LA LA R LUL L LA R LR AL L LS L ALL LK
% %
“ SUBROUTINE DUMMY %
% %
CULR LR R LRSS LR R LRV L LR LRI IR LU AL LA LR LR LA LA AL AL LA AL LY
4

NEXT

SUBROUTINE DUMMY

RETURN

%

%

RNl LN LL L LR LI LN LA RL LN L LU LU LL LT LA LR LK LL LK AL LT LYK KLY
“ %
% 4
% SUBROUTINE POWERPROFILE1 %
% %
% LC1=GATING COUNTER %
4 LC2=5AMPLE COUNTER %
% %
MR R LR LR L LR L R R NN LL RN L ULAAY ALY LD L TRV hLRL TSR L S L lh Y,
%

NEXT

SUBROUTINE POWERPROFILE1L
RSAPB (LAGINDEXCOUNTER) =0
CONTINUE

NEXT

LC1=LCR1
RELOAD LCR3
RELOADVALUE=@
CALL DUMMY

NEXT

LC3=LCR3

RELOAD LCR2

RELOADVALUE=RSAPB (FFNOSAMPLES1)
GOTOANDPUSH UNIENTRY
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%

RULRARRN R AL AR R L LA LU LN A LU AL LA LB CR R LR LSRR L L LGS L LUUL LK AL AL LA K,

%
%
%
%
%
r4
%

%

“

% SUBROUTINE POWERPROFILEZ2

A

% LC1=GATING COUNTER

% LC2=SAMPLE COUNTER

%

RURLL LV R LA L LR RN LA L LAY L L L LA AL LR C L LR LA L LA L AL LA A L L LLLLLLLL LT,
4

NEXT

SUBROUTINE POWERPROFILEZ2

RSAPB (LAGINDEXCOUNTER) =@

CONTINUE

NEXT

LC1i=LCR1

RELOAD LCR3

RELOADVALUE=0

CALL DUMMY

NEXT

LC3=LCR3

RELOAD LCR2

RELOADVALUE=RSAPB (PPNOSAMPLES2)

GOTOANDPUSH UNIENTRY

“

A

RURLL LTI LR AL LA L L L LR CL RN LU ORI LRGN LR AU LA LN L LKR AL ARLLYL
% %
% SUBROUTINE LONGPULSE %
A %
% THIS SUBROUTINE COMPUTES THE TARGET ACF ESTIMATE %
% IN THE WAY THAT THE ABSOLUTE YOLUME BOUNDARIES ARE %4
“ THE SAME AT ALL LAGS %
% %
A LC1=LAGCOUNTER _ %
rA LC2=VOLUME INDEX CONTROL COUNTER %
% LC3=GATE COUNTER %
% %

LRI LS LA L LLLASALALLL LA LA LA LT ARL R LR L LN CREL L LA LA L LLT LA LKL
%

NEXT

SUBROUTINE LONGPULSE

RSAFB (BUFSTARTADD) =RSAPB (BUFSTARTADD) +RSAPB (LPLAGMAX)
CONTINUE

NEXT

LC3=LCR3

RELOAD LCR1
RELOADVALUE=RSAPB (LPLAGMAX)
CALL DumMmy

A [q ¢
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NEXT

LC1=LCR1

RSAPM (RESTARTADD) =RSAPM (RESTARTADD) —RSAPM (APMINCR)
RELOAD LCR2

RELDOADVALUE=RSAPB (VOLUMEINDEX)

LC3=LC3-1

IF (LC3=@) THEN RETURN ELSE CALL DUMMY

NEXT

LABEL LONGGATE

LC2=LCR2

LCR1A=LC1

RSAPB (BUFSTARTADD ) =RSAPB (BUFSTARTADD) +RSAPB (VOLUME INDEX)
RSAPM (RESTARTADD) =RSAPM (RESTARTADD) +RSAPM (APMINCR)
CONTINUE

NEXT

RSAPB (BUFFERJUMPER) =—RSAPB (APBINCR)
RSAPM (RESULTJUMPER) =—-RSAPM (APMINCR)
CONTINUE

NEXT

LABEL FULLROW

BUFFERADDRESS=RSAPB (BUFSTARTADD) ~-RSAPB (APBINCR)
QAPB=BUFFERADDRESS

RESMEMADDRESS=RSAPM (RESTARTADD)
BAPM=RESMEMADDRESS

CHANNEL 1=X#X+Y#Y

CHANNEL2=Y*X-X#Y

LCR1A=LC1

LCi=LC1i-1

LC2=LC2-1

INITIALIZE ACCUMULATOR

STROBE IREG

LOAD IREG

STORE OREG

IF (LC1=@) THEN GOTO TESTWHATTODO ELSE CONTINUE

NEXT

LABEL COLUMNLAG :
BUFFERADDRESS=BAPB+RSAPB (APBINCR)
RAPB=BUFFERADDRESS
RESMEMADDRESS=QAPM+RSAPM (APMINCR)
QAPM=RESMEMADDRESS

LCi=LC1-1

CHANNEL 1=0LDVALUE#*X+0LDVALUE*Y
CHANNEL 2=0LDVALUE*X—-0OLDVALUE*Y
STROBE IREG

LOAD IREG

STORE OREG

IF (LC1=@) THEN CONTINUE ELSE GOTO COLUMNLAG
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NEXT

LABEL TESTWHATTODO

LC1=LCR1A

RESMEMADDRESS=EAPM-RSAPM (LPMAXLAG)
QAPM=RESMEMADDRESS

RSAPB (BUFSTARTADD) =RSAPB (BUFSTARTADD) ~RSAPB (APBINCR)
IF (LC2=@) THEN CONTINUE ELSE GOTO FULLROW

NEXT

LABEL ROWPIECE

LC1=LC1-1

RSAPM (RESULTJUMPER) =RSAPM (RESUL TJUMPER) +RSAPM (APMINCR)
RSAPB (BUFFERJUMPER ) =RSAPB (BUFFERJUMPER) +RSAPB (APBINCR)
IF (LC1i=@) THEN GOTO NEXTGATE ELSE CONTINUE

NEXT

LCR1A=LC1
BUFFERADDRESS=RSAFB (BUFSTARTADD ) -RSAFB (APBINCR)
QAPB=BUFFERADDRESS

CHANNEL 1=X#X+Y#Y

CHANNEL2=X#Y-Y#X

CONTINUE

NEXT

BUFFERADDRESS=QRAPB+RSAFPB (BUFFERJUMPER)
GAPB=BUFFERADDRESS
RESMEMADDRESS=RSAPM (RESTARTADD) +RSAPM (RESULTJUMPER)
QAPM=RESMEMADDRESS

CHANNEL 1 =0LDVALUE#X+0LDVALUE®Y

CHANNEL 2=0LDVALUE*X—-0LDVALUE*Y

GOTO COLUMNLAG

NEXT

LABEL NEXTGATE

LC1=LCR1

LC2=LCR2

REAPB (BUFSTARTADD) =RAPB+RSAPB (VOLUMEINDEX)

RSAPM (RESTARTADD) =RSAPM(RESTARTADD) +RSAPM (LPMAXLAG)
LC3I=LC3-1

IF (LC3=@) THEN CONTINUE ELSE GOTO LONGGATE

NEXT
RSAFB (BUFSTARTADD) =RSAPB (BUFSTARTADD) +RSAPB (LPLAGMAX)
RSAPM (RESTARTADD) =RSAPM (RESTARTADD) +RSAPM (APMINCR)

RETURN

%

SR AI LI LL L LA ALY T LT AR LR A LA LR AR L L LR LA L L AL L LA LA LR LLL KT
% %
% THE LAST COMMAND TERMINATES THE COMPUTATION AND %
% THE CORRELATOR GOES TO THE IDLE LOOP %4
% %4
DR LUl L AL LA LA AL AL L AL LA L L AL L LA L L LA LD LN RN LRI LR LT LT AR LL T
%

%

NEXT

LABEL LASTCOMMAND

STROBE IREG

SET CONTINUE-EXPERIMENT MODE
GOTO ZERO

END
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LAl he e he L heh AL LA L ALK AL SIS L AL L RAA LA AL AL AR LA LG R AR AL LU AL AR ALK AR AL ARRAL L L AL LT LY
4 ’

A GEN-4-R: ELAN

A

¥4 A PROGRAM RESEMBLING (P-1

L%

A TAUND TURUNEN, EISCAT H@, MARCH 1985

AL AL AL L ALALLL AL AL LT AL AL AL AL T AL LR LTS LA LTI AALALIT LA L LA KL AL LI AL LKL LA AL L LA,
%

%

WRITE-EXP-HEAD, ,

WRITE-FILE (EXP)GEN-4-R:ELAN

WRITE-FILE (EXP)GEN-4-R:TLAN

WRITE-FILE (EXP)GEN-4-R-SUBR:LIST

WRITE-FILE (EXP)GEN-4:DESC

%

OFFSET-PPD 000

%

POINT-REF-H 181.7,76.5,309,0

%

%

LOAD-RA (EXP)BEN-4-R

%

%

SET-LO1 1@53.5

%

SET-SIG-PAT ALLX

%

LKSET-POLAR 94,-6

&SSET-POLAR 1064,-18

%
YKSET-SIG-ATT X,3
YSSET-SIG-ATT X,3
%

&KSET-CHAN-ATT 3
LSSET-CHAN-ATT 3
LKSET-CHAN-ATT 4
LSSET-CHAN-ATT 4
%
SET-L02 3,91.0
SET-L0O2 4,9@.5

%

SET-FILT 3,BU,25
SET-FILT 4,BU,25

%

TRANSFER-NOISE RAD
%

%

PUNA

L g
9
?
v



LOAD-CORR (EXP)GEN-4-R:CCOD

%

SET-CORR-APB
SET-CORR-APB
SET-CORR-APB
SET-CORR-APB
SET-CORR-APB
SET-CORR-APB
SET-CORR-APB
SET-CORR-AFPB
SET-CORR-APB
SET-CORR-APB
SET-CORR-APB
SET~-CORR-APB

15,-10

SET~CORR-APM
SET-CORR-APM
SET-CORR-APM
SET-CORR-APM
SET-CORR-APM
SET-CORR-APM
SET-CORR-APM
%
SET-CORR-DATAIO 169
%

%

SET-BUF-MEM 3,@
SET-BUF-MEM 4,1070

%

SET-ADC-INT 3,1@.
SET-ADC-INT 4,10.

%

%

SYNC -120

%

SYNC 20

START-CORR

%z

SYNC 9@

START-R-C 10,1,1@

%

ENABLE-DMA

SYNC 1@

%

Do -1
START-RECORDING-DATA
SYNC 1200
STOP-RECORDING-DATA
ENDDO

163

A
%
A
4
%
%
4
4
A
%
%
4

%
%
%
4
%
%
“

%

%

Aﬂ/ag

“ZMASTER PROGRAM GEN-REMOTE:CLAN

MARGIN1 (OVERLAPPING)
SIGSAMPLES1

LAGMAX1

CALGATES1
CALPRODUCTS1

MARGIN2

SIGBAMPLESZ2

LAGMAX2

CALGATES2
CALPRODUCTS2
USERREG, NUMBER OF "SIGNAL GATES"
INCREMENT

RESENTRY1, START OF "SIGNAL GATES"

RESENTRY2, THE FIRST SKY NOISE ACF

RESENTRY3, THE SECOND SKY NOISE ACF
RESENTRY4, THE NOISE INJECTION ACF

MAXLAG1

MAXLAG2

INCREMENT

(S+1+1+1)#21+1

1@ US SAMPLES
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WAL RL RN R LR LR LA RLR AL LT RR LR LR LL LA LR LR AR LUL LR L AL LA LS L LKL L ALY,
“ “
% GEN-4-R: TLAN “
% %
% TAUNO TURUNEN “
% EISCAT H&@, MARCH 19835 %
% %
KRR LR RR LT LR EA R LR R LTS R L LR LA LA LA LN L LA CL L LR AL LA AL L LA LA LY
AT 1 RECEV
AT 185 CH3,CH4
AT 3380 ALLOFF
4
% 320 SAMPLES TAKEN FOR SKY NOISE
%
AT 3494 CH3 ZLEADING EDGES ARRIVE AT 3835@ AND 4205
AT 3831 CH4 ZSAMPLING STARTS AT 385@0-375+21 AND 42@5-375+21

AT 4591 CH3O0FF
AT 49446 CHA0FF
4

4 110 SAMPLES TAKEN, SIGNAL ADJUSTED TO 3@ SAMPLES IN THE MIDDLE

% OFFSETT-PPD SHOULD BE @@@@ IN THIS PROGRAM
“

AT 51568 CH3,CH4

AT 8345 ALLOFF,CAL3@

4

% 328 SKY SAMFLES TAKEN
%

AT 84080 CH3,CH4

AT 10@86 STC

AT 11595 ALLOFF,CAL@

AT 11635 BUFLIP

% 328 NOISE INJECTION SAMPLES TAKEN

AT 11655 REP
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LR R R LRI LR LS LR R UL LU LR LR LR LRI RCE R R LRL AL AL AL LA L AL L LU AL LA LAY

%
E GEN-4-R-SUBR: LIST
%

RRRR AL G R L L LA L CL LT LGSR RR LRGN R LR LR LA LR LR LT L L RGN L CA LRV L AL LYY

NEXT
CALL SUBRLIST

NEXT
CALL SUBRLIST

NEXT
GOTO SCANCOUNT

NEXT

SUBROUTINE SUBRLIST

RSAPM (RESTARTADD) =RSAPM (RESENTRY2)
RELOAD LCR2

RELOADVALUE=@

CALL REMOTEZ2

NEXT

REAPM (RESTARTADD) =RSAPM (RESENTRY1)
RELOAD LCR2

RELOADVALUE=RSAPB (USERREG)

CALL REMOTE1L

NEXT

RSAPM (RESTARTADD) =RSAPM (RESENTRY3)
RELOAD LCR2

RELOADVALUE=@

CALL REMOTEZ2

NEXT )
RSAPM (RESTARTADD) =RSAPM (RESENTRY4)
RELOAD LCR2

RELODADVALUE=0

CALL REMOTEZ

NEXT
RETURN

A;z/6 <






