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LHTTRODUCT | ON

This technical notc describes the programs proposed for performing
a mesospheric experiment. We show the measurement schemes selected
and the actual program implementation; and the correlator and

radar controller programs.

The program at the EROS level has not been developed yet; this will

be done by the BEISCAT staff in the near future.

1 - HEASUREMENT SCHEME

 Groups lrom different countries proposed mesospheric experiments
which were in general very similar though there were minor
diffcrences as to the need to measure clutter.

Mesospheric moasurcménts need a good hejight resolution (~2 km).
For that reason we have to use very short transmission pulses
(‘20;Jséc) or Barker-coded pulses. The theoretical instantaneous
signal-to-noise ratio is very low (10"3 - ].0_4 for 20 usec pulses)
and therefore the integration time will be'very long. The theoretical
mesospheric spectrum will be very narrow and so we cannot use the
ordinary multi-pulse mode to measure it. Instead we propose to
~calculate the correlation function from pulse to pulse. Figure 1

explains this technique.

i
The transmitter sends the first pulse at time t = 0 and the
receiver takes successive samples from different altitudes

S qQ .) ~ e cscripnt
bl’hi' sl’hq’ e e e . Jl’An where the subscript 1 refers to the

firsc pulse, and the subscript A; refers to the i'th altitude.
The second transmission occurs after a few milliseconds and the

receiver is opened to tuke new data - 5.,,. , S, 1 e« o« o« « S.,
! 20, 2'A



Atter G pulses arve transmitted the buffer memory will be commuted
and the correlator will calculate the correlation functions for

each altitude :-
G~k

p . _ ~
s (K) = I s. S.
. - J,Ai ]+k,Ai

The different correlation functions for different blocks of data

will be averaged to give an estimate of the desired correlation

function :-
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The average of this estimate is then given by :-

<xp,. (k)3 = oo

: l(k) + PBS(k) + PCla(k) S(k) = 1 for k=0

0 for k#0

where PB is the power of the background noise and PClthe power of

the clutter; P (k) represents the correlation function of the

[

A (C) represents the power in the ionic and electronic
i

part of  the analysed bandwidth and ¢

medium zo that p

A (k) For k#0 the correlation
i

function corresponding to the ionic part of the spectrum.

The term duce to background noise only perturbs the first point in

the correlation function as the bandwidth of the noise is much larger
than the bandwidth of the measured signal (N.B. a good height
resolution requires a short pulse and hence a wide receiver bandwidth) .
The third term ic due to clutter rececived from greater .altitudes,

as shown in Fig. 1.

The first clutter-—-to-noise ratio,Cll/B, is ~10—2 for the typical

experiment using a 4 mzec pulse-repetition-rate and a 20 pysec pulse.
' . . -7 -9
The second clutter-to-noise Tath,C]?/B,lS"lO - 10 “. As the
. . . .. -3 -4 .. .
typical signal-to-noise ratio is 10 - 10 it is only necessary

to remove clutter from tire first height. [odeed, as the ionic var:

of the first point in the correlation function can easily be
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ecxtrapolated from the other lags, but in order to normalise the

data correctly it is necessary to measure the first point. At this
stage 1Lt 1s not certain which method is better and so the proposed
scheme of measurcment allows the correlation function to be determined
with or without the removal of clutter. The same correlator program
can be used in both cases and only the radar controller program

need be changed.

A

a) The pulse scheme without clutter measurement

The measurement ccheme is plotted in Fig. 2. The pulse-repetition-
period will be typically 4 msec which gives an available bandwidth
of 250 Hz for the measured spectrum, as the receiver provides

both quadrature components. The spectral resolution depends on the

* number of lags measured and will probably be a few Hz.

For a 4 msec repstition period, the first clutter comes from a
height of 600 - 700 km. Calibration and background noise are

measured immediataly before the next pulse is transmitted. If

clutter is neglecﬁed these measurements of the calibration signal and
the background noize allow us to normalise the total scattered

power correctly in order to measure the component due to the electrons.
When clutter is too strong, however, é#trapolation must be used

to estimate the first peint of the correlationifunctibn for the

ionic part of the spectrum.

To make full use of the capabilities .of the transmitter at least
two freguencies will bhe used, and the pulses wili~pr§bably be
Barker-coded. The Barker codes ameiiordte tﬁé instantaneous signal-
to-noise ratio for the same height tésblution as before, but the
secondary lobefeffect can he a serious problen. Pogéibly the use

of the complementary coles will ba nocessary.



*UOT3RIQITRO+PUNOIDNORg pue {punoabyoeq {I1933NTO+punoabyoeq aanseaw aM : g
* I9JINTOHUOTIRIQTITRI+PUNOIDNORg pue {1333NTo+punoabyoeq {1933NTI4+PUNOILYORq+TRUDTS Sanseaw am : ol

\J
q¢

E o'a o'a TofE o o'e o kR
- gl é@ M S % = o
\\ // . .
e N o T
s . T N y 7 ) « e

o]
<
N
N
\s
\\
/7
s
e
V4
N
\\

W.u.. - e txﬂ — > ———
I > ,
G A .

— // S
! k. N N .\\

bR s
N Va
™
0l
“\ !
QWL TOHd+S TOHG+S

i 7 11 i :q,_z__/ T
\\. N,

e et e eme e e = b ha = e e e & 4t emer e —— —_—— e — o -




(93]
|

b) The pulse scheme wilh clutter measurcment

We propose a simple scheme of measurement which permits us to obtain

cvery other order of clutter (i'e'C]l’C13’C15"')' For an initial
period of, say, 10 seconds the previous scheme of measurement is
used; for the next 10 seconds every alternative pulse‘is suppressed
so that the new mode will measure the background noise plus the
clutter from heights 1, 3, 5 etc. (see Fig. 2). In this scheme

a third transmitter frequency is used so that the clutter
measurements can correspond exactly to the mesospheric signal

measurements.

In this scheme the time rcsolutions is worse by a factor of two.
In order to change from one scheme to the other it is only necessary
to reload the TARLAN program as the correlator program is the

same in both cases.

2 - PRCGRAM DESCRIPTION

a) Pulsé generation (TARLAN)

The radar controller (RC) which controls the timing of the
transmitted and received pulses does not allow loops inside a
program. At the end of each cycle of measurement the RC sends a
"start-compute” signal tn the correlator and resparts a new cycle.
At this stage the two halves of the buffer memory are commuted.
This mode is not really suitable for an experiment making pulse-to-
pulse correlation measuremants because we have &Q £i1l one half of
the buffer memory with many samples corvesponding to different
pulses before starting the calculation and commutihg the buffer
memory, and so we should not send the "start—coﬁpute"»order before
filling one half of the buffer memory. This implies that the scheme
is limited either by tha size of the baffer memory (4K Lor each

half) or by the size of the 2 (4X) which limitz the pumber of



instructions that we can program.

From the statistical point of view it is desirahle to have the
nhmber ol samples much larger than the number of calculated lags.
This is due to the fact that it is not poéSible to calculate the
correlation between samples in the two halves of the buffer memory.
Tﬁe equations describing the limitatiohs'df the buffer and result
memory are :- |
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where n, are the number of samples ;orresponding to different
altitudes

n. are the number of sampleg corresponding to the backg;ound
measurements

n., are the number of samplecs correspopding to the calibration
measuremenis

n_, are the number of frequencies

h. are the number of pulses transmitted in each cycle and

n. are the number of lags measured.

A program generating the TARLAN instructions for a typical experiment
is shown in Annex 1. The pulses are transmitted on two frequencies,
and two receiver channels take the data separately for 8 signal,

4 background and 4 calibration samples. This program gives almost
optimal filling of RC by TARLAN instructions and of the buffer

memory by samples.

In this case 200 pulse-repetition~periods are used to produce each
correlation function. The long puldge on F4 will be received in
"Kiruna and Sodankyld to mcasure both the ionic and electronic parts

f the spectrum.



b) Correlator program

1) Program without coherent integration

This program calculates the correlation function for each altitude,
the power for background and calibration (Fig. 2) adding the power
for all samples (see Annex 2).: The regispers of the APB, APM

processors must be defined in the main program in EROS.

Register Register Parameters

hame address

APB RS (15) 16,15 No. of pulsés transmitted - 1

APB RS (14) 16,14 No! of range gates - lf(siénalj

APB RS (13) 16,13 ° No. of lags - l-(siqnal)

APB RS (12) 16,12 - {RS (15) x RS (11) = 1)

APR RS (11) 16,11 No. of altitudes + no. of background
samples + no. of calibration samples.

APB RS (8) 16,8 No. of background samples - 1

APB RS (7) 16,7 No. of calibration samples - 1

NPB RS (6) 16,6 No. of freqguencies

APB RS (5) 16,5 1

APB RS (3) 16,7 Address increment between the end of the
data correspending to one frequency and
the beginning of the data corresponding
to another.

APH RS (15) 17,15 Range gate increment ( = no. of lags
for each correlation function)

APM RS (14) 17,14 1

APM RS (0) 17,0 Increment for pransfer = 1

I register APB = no. of words to transfer + 1.



ii) Program with coherent integration (developed by Regi Gras)

The correlation function varies slowly in the D region. When the
temporal separation between samples from the same altitude is much
shorter than the correlation time, we can use coherent integration.
For instance, for a spectrum of 10 Hz bandwidth the correlation time
is about 0.1 seconds and for this we can always add two successive
samples at a 4 msec separation. The amplitude of these two samples
is almost the same due to the high eorrelation and so the signal-
to-noise ratio is improved by a factor of 1.41. This technique

can be very uscful for mesospheric measurements.

FFor instance let Sl, 82, . v . SG be the samples for one altitude;
then the program calculates the correlation function :-
P ” H
p(k) = = a.a where a, = ¥ S,

j=1 & i+k 1 j=1 i+]

where II is the number of samples summed coherently. This program
calculates the background and calibration powers as in the previous

case (see Annex 3)
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ANNEX 1
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" ANNEX 2 -

HPUISéfto—pulse correlation -(with numb¢f~of lags less than number

j~of‘sample3) plus power meaSuﬁements;



Memory Location

00
0l
02
03
04
05
06
07
08
09
10

11
12
13
14
15
16
17
18

19

Yes

——>

[ O APR
RS (1) =RS(5)

Reload LCRl1é——, RS (4)

LC1 = LCR1

«/EETE> | RS (4) =RS (4) -1
\\\//

Reload LCR1 RS (15)

Reload LCR2 RS (14)

Reload LCR3 RS (13)

CALL sun.
Pulsc—to-pulse

Reload LCR2 RS (8)

CALL POWER

Reload LCR2 RS (7)

CALL POWER

GO TO ——————

of
GO TO 0 (LHMD)

0=0Q+RS(12)

Q=RS(12)+Q

Incrementation
scan count

‘APM'

Q=Q+Range gate
' increment

Q=Q+1

SET FF2
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RS (15)
RS (14)
RS (13)
RS (12)
RS (11)
RS (10)
RS (9)
RS (8)
RS (7)
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RS (5)
RS (4)
RS (3)
RS (2)
RS (1)
RS (0)

ADPM STACK

RS
RS
RS

(15)
(14)
(0)
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ANNEX 3

Program with coherent integration.

No. of points to add - 1

No. of scan / No. of points to add - 1

No. of range gates - 1

Sample increment (Signal + Background + Calibration)
(Sample increment x NO, of scan - 1)

RS (14)

Increment 2 (Sample increment x No, of points to add)
Increment 1

No, of noise samples - 1 AND No. of calibration samples - 1
No. of scan - 1

No, of frequencies

RS (9)

Temporary storage 1

Running address

‘"Temporary storage 2

Free

Ranae-aate increment (No. of zcan/No. of points to add)
1
1

DATA-I-REGISTER

DATA-I-REG

= Mo, of frequencies x (Range—-gate increment x No. of ranges
| + 2)
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EISCAT publications

F. du Castel, 0. Holt, B. Hultqvist, H. Kohl and M. Tiuri:

A European Incoherent Scatter Facility in the Auroral Zone (EISCAT).
A Feasibility Study ("The Green Report") June 1971. (Out of print).

O. Bratteng and A. Houg:

Model Ionosphere at High Latitude, EISCAT Feasibility Study, Report
No. 9. |

The Auroral Cbservatory, Tromsd July 1971. (Out of print).

A Eurcopean Incoherent Scatte:; Facility in the Auroral Zone, UHF

System and Organization ("The Yellow Report"), June 1974,
EISCAT Annual Report 1976.(0Out of print).

P.S. Kildal and T. Hagfors:
Balance between investment in reflector and feed in the VHF cylindri-
cal antenna,

EISCAT Technical Notes No. 77/), 1977.

T. Hagfors:
Least mean sguare fitting of data to physical models.
EISCAT Technical Nctes Bo. i8/2, 1978.

T. Hagfors:
The effcct of ice on an antenna reflector.

EISCAT Technical Kotes No. 78/3, 1978,
T. Hagfors:
The bandwidth of a lincar phased array with stepped delay corrections.

EISCAT Technical Notes No. 7874, 1978,

Data Group meeting in Kiruna, Sweden, 18-20 Jan. 1978
EISCAT Meetings No. 78/1, 1978

EISCAT Annual Reporw 1977



H-J. Alker:
Measurement principles in the EISCAT system - .
EISCAT Technical Notes No. 78/5, 1978

EISCAT Data Group'meeting in Tromsd, Norway 30-31 May, 1978
EISCAT Meetings No. 78/2, 1978.

P-S. Kildal: ‘
Discrete phase steering by permuting precut phase cables.
EISCAT Technical Notes No. 78/6, 1978

EISCAT UHF antcnna acceptance test.,
EISCAT Technical Ncies No. 78/7, 1978.

P-S. Kildal:
Feeder elements for the EISCAT VHF parabeolic cylinder antenna.
EISCAT Technical Notes Ne. 78/8, 1978.

H-J. Alker:

Program COKRSIM: System for program development and software’
simulaticn of EISCAT digital correlator, User’s Manual. |
EISCAT Technical Hotes No. 79/9, 1979. ’

H-J. Alker:

Instruction manual for E1SCAT digital correlator.
EISCAT Technical fiotes No. 79/10, 1979

H-J. Alker:
A programmable correlator mcdule for the EISCAT radar system.
EISCAT Technical Notes Na. 72711, 1979.

T. Ho and H-J. Alkcr:
Scientific programming of the EISCAT digital correlator.
EISCAT Technical Notes No. 79/12, 1979,



S. Westerlund (editor):

Proceedings EISCAT Annual ‘Review. Meeting 1969.. Part I and II,
Abisko, Sweden, 12-16 March 1979. '

EISCAT Meetings No. 79/3, 1979.

J. Murdin:
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