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ABSTRACT

This report describes the hasic philosophy of how to create special­

purpose microprograms for the EISCAT digital correlator. A structure

of microprogram units (roain programs/subroutines) are introduced and

covers the main real-time data processing of the radar system. The

program units have been tested on the procotype of the EISCAT correla-

tor.

I. INTRODUCTIQN

During 1977/78 a prototype of the EISCAT correlator has been designed

and bulle. The unit will be a part of the radar system on-line data

handling. The correlator 1s a real-time, digital processor specially

designed for the data reduction befare the camputer data analysis. The

correlator is microprogrammable and can by camputer contral execute

different processing schemes. either by separate programs or in mixed

mode by subroutine processing.

The purpose of this report is to explain the philosophy of the pro­

grammin~ structure of the digital correlator and to give a proposal

for the special-purpose real-time programming required for the radar

processing. Step by step instructions of how to design a microprogram

from the flow chart with consideration to the selection of locations

in the APB. APM processors and the flip flops (FF1. FF2) on the accu­

mulators will be given. A breakdown of a simple Single Pulse Autocorre­

latian program (le calculation of noise and calibration samples and trans­

fer program are not given) will be used as an example. This repor t is

primarly intended for the programmer and only basic knowledge of complex

numbers and notation will be assumed.

Descriptions of all the programs designed to date will be given. At a

later date a complete library of program subroutines with descriptions

will be documented and can be used as a reference when designing mOTe

complicated algorithms.

It is assumed that the user has same familiarity with the basic instruc­

tion-set of the correlator which can be found in the report: "Instruc­

tion Manual for EISCAT Digital correlator (Revised)". the report: A

Programmable Correlator Module for the EISCAT Radar System" and also the

report: "Programs CORRSIM , CORRTEST: System for Program Development and

Software Simulation of EISCAT Digital Correlator. TIBers Manual"
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U. PHILOSOPHY OF THE PROGRAMMING STRUCTURE.

The concept of the software system is such that a program for an experi­

ment can be bullt up from a roain program and a set of subroutlnes which

are the algorithma for the different schemes that are aval1able (te.

Power Profile, Single Pulse etc.) from the CORRSIM files PROGO, PROG1 etc.

(read access only). Thus for a given experiment it is only necessary for

the user to write the main program and then to link it with the sub­

rout!nes on file directly. The CORRSIM program has the facil ity such

that a suhroutine can be read inta the correlator memory to locat1ons

relative to those defined in the subroutine so there is no difficulty

ln placing a suhroutine into a given part of the correlator memory. The

PROHS(programmable read only memory) of the correlator will contain sever­

al fixed programs (ie. main programs and subroutines) and it is anticipated,

at least in the beginning. that the necessary programs will be contained

in the PRQ}1 to suit the needs of an experimenter. (see REF.2. Fig. 1)

MAIN I
PROGRAM l DESIGNED BY USER

SUBROUTINES READ

FROM CORRSUI FILES

FIGURE 1. COMPOSITION OF PROGRAM STRUCTURE

With this proposed program structure a high degree of flexibility is

maintained for covering changes in the radar processing. The main pro­

gram (user defined) has the necessary 1ink references to the subrou­

tines for execution of a given radar experiment. By changing the link

references on1y in the main program new processing schemes can be easily

made. The proposed structure is optimum when considering the programming

work aod time involved for reloading the correlator when changing the

radar experiment. An extension for multi-channel input processing can

also be made by a rerun of the program on different data-sets in the

buffer-memory.
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III. NECESSARY FORMULAE FOR THE VARIOUS SUBROUTINES:

Here explanations of the formulae used for the different algorithms.

when possible in a non-mathematical way. will be given.

In the radar processing, parameter estimatians are based on signal-avera­

ging (time averaging of data from a particular scattering volume) and

the correlator has internal accumulators/memory for perfonming the data

integration. In this chapter the necessary typical algorithms for the

computation of a single contributian to this average are explained. For

the explanation of the integration over these single contributions. see

Chapter IV.3.

The definitions of the formulae are given with respect to the ~ay in

which the X,Y samples are read from the buffer memory.
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POWER PROFILE (ZERO LAG ESTI~V.TION)

A~sume that we have a set of N complex samples 20 , 2" 22 ZN_l in

a rangecell, where Zo = Xo+ lYa etc and there are r;; 1 0'0 Mrangecells

Then the zero lag estimate for the rth rangecell K is defined 85:
r

N-I

Kr c L
j=O

z Z*
-j+(N+O-I)(r-1) j+(N+D-I)(r-1)

N-I

= ;- (Xj + (N+D-I) (r-I) + iYJ+ (N+O-I)( r-I) )(Xj + (N+D-I)( r-I) -1Y j+ (N+D-I) (r-I) )
j=O

N-I
~

= L
j=O

2
(Xj +(N+D-l)(r-1)+

2
Yj+(N+D-1) (r-I)

N-l
+ 1 ~-
~ (Xj+(N+O-I)(r-I)Yj+(N+D-I)(r-I)-Yj+(N+D-I) (r_I)Xj+(N+D- I)(r-I»
j=O

2 2
(Xj +(N+D-l)(r-l)+Xj +(N+D-l)(r-l»

where * denotes the conjugate sorl D is the overlap factor between the range­

cells such chat for D "" 1 there is no overlapping of rangecells and D :ii O

the re is overlapping of rangecells. See figure below for illustration. Nate

Chat when having overlapping the last sample in the Mth rangecell which is

used in the algorithm must always be equal to the last sample written in

the buffer memory for that data set. eq. For 13 samples in a rangecell and

27 rangecells with an overlap factor of -4 the index for the last sample

in the 27th rangecell would be:

Index [or last sample = 12+(13-4-1)(26)

• 220

Therefore there must be exactly 221 samples in the buffer memory for this

data set. (Index goes from 0-220)



.. 5 -

These va lues are computed in DATA CHANNEL 1 of the correlator (see Ref. 3

ARr/ACC INSTRUCTIONS). As the imaginary part is zera we compute the HEAN

VALUE ESTI~tATION M in DATA CHANNEL 2.
T

where

N-l

Mr =. 2. (Xj+(N+D-O (r-l) + Yj+(N+D-O (r-l»
j-O

Z,,2, 2.., j

LLI I I l I LJ I L_LLLJ I I I

t 1st RANGECELL t L 2nd RANGECELL 1 L 3rd RANGECELLj

LIst RANGECELL-t t 3rd RANGECELLj

't 2nd RA.~GECELL-1

L 1st RANGECELL t 13rd RANGECELL ---.1
t 2nd RANGECELL t

NO OVERLAPPING D=1

OVERLAPPING BY 1

SAMPLE 0=0

OVERtAPPING BY 2

SAHPLES D:: -1

SCHEME FOR OVERLAPPING OF RANGECELLS.

Nat.e that strictly speaking the formu]ae for K and M should be defined as:
r r

N-l

Kr = ~~ Zj+(N+D-l)(r-l) Zj+(N+D-l)(r-1)
r j=O

and H
T

• _1
N

r

N-l

L
j-O

Hm<lever the l/N nonnalization {aetor is camputed in the post processing of
r

the data by the computer and therefore will not be inclucled in aoy of the

forthcorning formulae.

--'-.....L..J......i..-...L1-L LJ L I_LLJ I I I

t 2nd RANCECELL J t3rd RANGECELL -..1
LL-l--L..I

t 1st RANGECEL-l

CONSIDER AS SAMPLES IN THE BUFFER ~~IDRY.

Looking at the formutae pictorially, with D=1 we have:
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coosidering the for~mulae pictorially
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Z2 2 2 2
K, • + Z, + 22 + .. . + ZN_lO

Z2 2
2 2

ZZN_lK2
+

N+' + ZN+2 + ... +
N

etc.

M, = Z + Z, + ZN_lo

M • ZN + ZN+l .... ZZN-l2

etc.

•ZaZa hcwever. what is important when

is only to think of which locations from
2

th~ buff er memory we take the X and Y s8Dlples. Therefore Zo ,",Duld mean Chat

we are using the same X and Y Sample twire from location O in the buffer

memory. This applies in all fortheoming explanations.
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AUTOCORRELATION FOR SINGLE PULSE TRANSMISSIONS (SINGLE PULSE)

ALGORITHN

Assume that we have a set of N complex samples ZO' Z, 0.0 ZN_l in a range-

cell, where Zo ~ Xo + iYa etc and there are r = 1 Mrangecells,

then

KL,r

N-L-l
~

L.
joO

N-L-l,
N-L-1..,----

joO

*
Zj+(N+D-l)(r-l) Zj+L+(N+D-l)(r-1)

(Xj+(N+U_l) (r-1)+iYJ+ (N+D-l) (["-1» (X j+L+ (N+D-l) (r-l) -iYj ...L+ (N+D-l) (r-l»

N-L-l

+ i L
joO

(X y -x y )
j+L+(N+D-l)(r-l) j+(N+D-l)(r-l) j+(N+D-l)(r-l) j+L+(N+D-l)(r-l)

where * clenotes the conjugate and D is the overlap faetor between rangecells,

such that for D c 1 there is no overlapping of rangecells and D < O for overlapping

of rangecells (see figure in 111.1 for turther details) and L is the lag parameter,

such that L = 0,1 ,., N-l. Nate that when having overlapping the last sample in

the ~1th rangecell which is used in the algorithm must always be equal to the last

sample written in the buffer memory for that data set. e.g. For 13 samples with

13 lags in a rangecell and 27 rangecells with an overlap. Factor of -4 the index

for the last sample in the 27th rangecell would be:

For zero lag. last sample Index 12+(13-4-1)(26)

220

or for lag 12. last sample Index 0+12+(13-4-1) (26)

= 220

Therefore there must be exactly 221 samples in the buffer memory for this data

set. (Index goes from 0-220)
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The Re [K l is computed in DATA CHANNEL 1
t -1.,r j

The Im f~)r t is computed 1.0 DATA CHANNEL 2.

Pictorially with D : 1 we have:

I I I I .l U -LL..l I I _LLI j I

List RANGECELL~ L 2nd RANGECELLJ 1

CONSIDER AS SAMPLES IN BUFFER MEMORY

-, Z2 Z2 2
KO l • Zo + + + ... ZN_l• l Z

Kl l "" lO2.\ + 2 112 + ZZZ3 + ...
•

KZ , 1 • 2022 + Zl Z1Z3 + ...

I I

3rd

I.J.. L L .I.

RANCECELLJ

1);-1 l = ZOlN_l
•

Z2 Z Z
KO Z • + lN+l + ZN+2 + ....

• N

Kl 2 • ZNZN+1 + ZN+1 ZN+2 + ZN+ZZN+3,

KZ 2 • ZNZN+2 + ZN+,ZN+3 +,

2
+ ZZN-1

Kn-l,2

etc.

There will alsa b~ a truncated version of this algorithm whereby the lag

parameter L can be less than or equal to N-l

then <,., r

j=O
Zj+(N+D-1) (r-\)

•
Zj+L+(N+D-l)(r-l)

where L=Q.l •.... P p ~ N-l
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and pictorially with D • 1 we have:

• z2 2 z2 + Z~_lKO 1 + ZI + + ..., O 2

Kl .1 • ZOZ1 + Z1 Z2 + Z2Z3 + ..

K2 1 "" ZOZ2 + Z1 2 3,

etc.
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AUTOCORRELATION FOR MULTIPLE PULSE TRANSMISSIONS (MULTIPULSE

ALGORITHH

Assume that we have a set of P complex samples ZO' 2 1, Z2' ••• Zp_1

where Zo : Xo + iYa etc, N pulses in the pulse group and r = 1,2, .. M range­

cells. The various lag products from the same height can be expressed as:

~,r =: ZS+r_1
•ZS+L+r-l

iY )S+L+r-1

where * denotes the conjugate.

Let JO = Position of 1st pulse

J 1 = Sample difference between 1st and 2nd pulse

J 2
= Sample difference between 1st and 3rd pulse

J N_
l
= Sample difference between 1st and Nth pulse

and L = J l - S, ... J
N

_
1
-S with the restriction L > a

In this scheme the order of the lags computed are scrambled and would have to

be unscrambled af ter the computation. The total number of lags computed for N

pulses is given by:

No. of lags computed: N(N-l)/2

The Re [K ~ is computed in DATA CHANNEL 1-L. r

The Im ;f Kl, r ~ is computed in DATA CHANNEL 2.
z, .. ,,. t-, I'

_l J.LI I_I I I J I._L~J

t __1.._ t J SAMPLES FOR 1st RANGECELL

t t t _____1
SAMPLES FOR 2nd RANGECELL

L-l....-______.__ t _-.1 SAMPLES FOR 3rd RANGECELL

CQNSIDER AS SAMPLES IN THE BUFFER ~mMORY
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Assume that we have four pulses each having 3 samples in each pulse at 20 , 23 ,

2
12

, 2
18

corresponds to the firat sample in each pulse, then pictorially what

is computed sequentially is:

K • Z
O

Z33. 1

etc.



III. 4

- 12 -

CROSS CORRELATION BErWEEN !WO SErs OF DATA

Assume that we have two sets of N complex samples 20 , Zl' ... ZN_l and ZS'

2S+;' ..• ZS+N_1 in a rangecell, where lO::: Xo + iYa and Zs ::: Xs + iYs etc,

S::: sample difference between the two sets of data and there are r ::: 1 ••• M

rangecells.

Then N-L-l

K - ~ Z z*
-L,r- j+(N+D-1)(r-1) j+S+L+(N+D-1) (r-l)

joO

N-L-l

= :>__ (Xj+(N+D_I)(r_I)+iYj+(N+D_l)(r_I»(Xj+S+L+(N+D-I) (r-I)- iYj+S+L+(N+D-I) (r-I»
joO

N-L-l

~ ~ (Xj+(N+D-1)(r-l)Xj+S+L+(N+D-I)(r-1)+Yj+(N+D-1)(r-l)Yj+S+L+(N+D-l) (r-l)
j=O

N-L-l

+i~
joO

(X y -X Y )j+S+L+(N+D-l)(r-l) j+(N+D-1)(r-1) j+(N+D-t)(r-l) j+S+L+(N+D-l)(r-1)

where * denotes the conjugate and D is the overlap factor between rangecells,

such that for D=l there is no overlapping of rangecells and D ~ O for overlapping

of rangecells (see Figure in 111.1 for further details) and L is the lag para­

meter, such that L=0,1 ..• N-l. When having overlapping of rangecells the last

sample in the Hth rangecell, for both data sets, which is used in the algorithm

must always equal the last sample written in the buffer memory for both data

sets. E.g. for 13 samples in a rangecell and 27 rangecells with an overlap factor

of -4 the index for the last sample in the 27th rangecell would be:

For zero lag, last sample index of 1st Data Set 12+(13-4-1)(26)

220

For zero lag, last sample index of 2nd Data Set = 12+S+(13-4-1)(26)

220+s

Therefore there must be exactly 221 samples in the buffer memory for both data

set s (Index goes from 0-220 for 1st data set and 5-(220+S) for 2nd data set).

Thus for this example S ~ 221.

It must be noted that with this algorithm only half of the correlation funetton

is obtained and that if S=O we have the Single Pulse autocorrelation algorithm.
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The Re t~. r} ls computed in DATA CHANNEL t

The lm f~. r Jis oomputed in DATA CHANNEL 2

Zo '2, I N <,
LI..1.1-..L1..il_U I I I I I I I I J.-LI I I I I I I I

'L Isr RANGECELL..1 t.Znd RANGECELLJ' t.. 3rd RANGECELL-.J'

Z J lsl' 15,11_,
I I 1 I J.-LL I I I I I I l.l I J J. I 1 I 1 I.J

'LIst RANGECELLJ 'LZnd RANGECELLJ L 3rd RANGECELL--.J

CONSIDER AS S_LES TN THE BUFFER MEMORY

Plctorlally with D-l we have:

KO l - ZOlS + 2 , 25+1
+ Zz 2S+2 + ... + ZN_l ZS+N_l•

K, l • 2025+
1

+ Z, Z5+2 + Z2 KS+3
+ ...

•
K2 l - Z025+2 + Z1 25+3 +•

~-1.2 - ZOZS+N_l

KO•2 - ZNZS+N + ZN+l ZS+N+t + ZN+2 ZS+N+2 + 0.0 + ZZN_l ZS+ZN-l

K1 2 - ZNZS+N+l + lN+l ZS+N+2 + ZN+2 ZSf~+3 + o •••
KZ 2 - lN ZS+N+2 + lN+l ZS+N+3 + 0'-•

~-1.2 - 'NZS+2N-l

etc.

There will also be a truncated version of this algorithm whereby the lag

parameter L can be less than or equal to N-l

then N-L-l

~.r - )'
j-O

*ZZj+(N+D-I}(r-l} j+S+L+(N+D-I} (r-I)

where L "" 0.1 .. P, p~ N-l
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and pictorially with D-l we have

KO 1 • ZOZS + Z1 Z5+1 + Z2 Z5+2 + + ZN_l ZS+N-l•
K, l - ZOZ5+1 + ZI Z5+2 + Z2Z5+3 +•
KZ l • 202S+2 + Zl Z5+3 +•

~,1 - ZOZS+P + z,ZS+P+l + ZZZS+P+2 + •••

KO,l - ZNZS+N + ZN+l Z5+H+' + ZN+2ZS+N+2 + 0.0 + ZZN_,ZS+2N_1

Kl 2 • Z~ZS+N+l + ~+lZS+N+2 + ~+2 2S+H+) + o •••
Kl 2 - ~ZS+N+2 + ~+1 ZS+N+) + o •••

etc.
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IV. PROGRAMMING CONSIDERATIQNS

When designing a program it 1s essentiai that all values be wr1tten in

decimal (integer coding). All program codes, Pc values and register stack

values will be given ln decimal. Ideallyaprogram is optimal ly constructed

when every microprogram instruction processes a data sample. However. this

is not always possible and tt should be borne in mind when designing a

program that the number of dummy statements should be at a minimum otherwise

the efficiency of the program will be reduced and the execution time unnec­

essarily increased.
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BU HER MEMORY AND RESULT MEMORY

The buffer memory ls two ported which means that the memory can have

READ/WRITE operations from the CORRELATOR/RADAR CONTROLLER performed on

it simultaneously. The memory has 32 BIT words and is split into two

sections each of 16 BITS; B BITS each for the X and Y samples (see Fig.

2)

y x y x

~'RITE SAMPLES

FOR NEXT

rnlE
AVERAGE

o

2

BBITS ISBITS BBITS I BBITS

: I
I

I I
I I

I ,
I I

I I

I I

I I, I, I

; ,
I

READ FROM

CORRELATOR

SEQUENCE 1

y x y x

READ FROM

CORRELATOR

o

2

BBrTS : BBrTS BBrTS I BBITS
I

I ,
, I
I,, I, I
I I
I I, ,, ,

WRITE SAMPLES

FOR NEXT

TIME AVERAGE

SEQUENCE 2

FtGURE 2. BUFFER MEMQRY

~en the correlator has computed one time average the READ/WRITE opera­

tions on t e memory are then switched over, this ls controlled Dy the radar

controller, and the data for the next time average is then read by the corre­

lator. (see Fig. 2).



- 17 -

The correlator has an internal result memory of 1K 1024 64 BIT words

which can be expanded to 4 K 4096 64 BIT words. 32 BITS each are used

for DATA CHANNEL1 and DATA CHANNEL2. This is equivalent to a double inte­

ger format in computer representation for each channel. (see Fig. 3)

o

2

DATA

CHANNEL 2

32BITS

DATA

CHANNEL

32BrTS

FIGURE 3. RESULT MEMORY

The buffer memory has a 16 BIT representation which means it6 numeric

range is 0-1777778 - 0-65535 = 64K

The result memory has a 12 BIT representation which means its numeric

range is 0-77778 - 0-4095 c 4K

For further details see Refl. page 30 and REF3, APB/APM INSTRUCTIONS.

The correlator modules delivered to each site will have internai result

memories of 2K 2048 64 BIT words and at the present time no slaves will be

built.

The buffer memories delivered to each site will have memory sizes of

4K 4096 32 BIT words (16 BITS for each half of the memory). For further

details about the buffer memory see Ref.4.
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SELECTION OF DATA VALDES FROM APE AND DATA COMPUTATION

In aoy one microprogram inscruction 001y one location in the buffer

memory can be seleeted and the X.Y sample be strobed into the A and B

registers of the multipliers. Therefore taking the single pulse scheme

Bs an illustration (see 111.2)

2·2+
O

2 z2
22 + 3 + •••

FIGURE 4. SCHEME FOR SINGLE PULSE ALGQRITHN

In Fig. 4 the rangecell subscript r has been dropped in order to

simplify the scheme. As can be seen from Fig. 4 lags Kl' KZ •. ,K
N

_
1

has two

different samples multiplied together and lt would be inefficierlt to pro­

gram the correlator to compute lags KO firat, KZ second, 0.0 ~-1 last.

completely. lnstead te is better to compute the lags in this way. Firet

z~. ZOZI' Z022 , .. ZOZN_1 then z;, Z1Z2' Z1Z3 o •• z,ZN_l etc. When followiog

this 5cheme 1t can be seen that it is only necessary to strobe one new

sample ioto the multipliers each time as the other sample is already

contained in the multipliers and thus the method of computation becomes

highly efficieot. Programming the correlator by the firat method would

entail 0(0+1) read operations from the bufter meulory whereas by the
0(0+ 1)

second method it would only entall 2 read operations from the bufter

memory.
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FLIP FLOPS (FP1, PF2) ON ACCUMULATORS

At the beginning of an experiment the result reemory is not cleared

to zero. Therefore it is necessary to have a function (FP1) which has

an independent contralover the READ contral of the result memory to

the accumulators. Consider the acheme in F1g. 4 as an illustration where

there are mare than one rangecell to be computed. When the correlator

receives the START COMPUTE signal from the radar controller FFl is reset
2(i.e. Cs : 1 c4 : O in REF1 or CLEAR: 1 SETt ~ O in REF3) and 20 , 202"

2022 ZOZN_l is firat computed. This means that the READ (cl) state­

ment for the reeult memory is inhibited and the computed values are
2just written into the result memory (WRITE~l). Now when 2" 2122, 2,2

3
0'0

ZlZN_l etc. are computed it is now necessary to set FFl (CLEARl c O

SETl = 1) and the READ statement is nowenabled so that values from the

result memory are then accumulated with the newly camputed values and

then written back inta the result memory. When the next rangecell is

to be camputed FFl has now to be reset as this is equivalent ta a START

COMPUTE for the next rangecell.

However, when the next time average is to be processed (i.e. carrelator

receives next START COMPUTE. signal from the radar controller) tt is now

necessary to have a higher priority flip flop (FF2) which controls FFl such

that FFl contral of READ is inhibited and all values from the result meffiOry

are read inta the accumulators. Thus when FF2 is set (C 7 = O C6 = 1) or

CLEAR2 = O SETZ = 1) FF1 contral is inhibited. The FF2 control can be set

either through program contral or by status ward control. Far program

contral see REF1, page 13 and REF3 ARI/ACC INSTRUCTIONS. For status word

controi see REF3, STATUS WORD, BIT 5. In the standard programs FF2 controi

will be set through program control. Af ter a DM.~ transfer has been made it

ls necessary to reset FF2 (C7 c 1 C6 = O ar CLEARl E 1 SET2 = O) so that

the program is again under FF1 contral. This reset ting is done in the

Transfer program of the correlator.

Note that tt is not al10wed to have a READ/~~ITE statement to the same

memory lacation in the result mernory in two consecutive clock cycles. This

is due to the pipelining structure of the correlator.
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~. DESCRIPTION OF SINGLE PULSE PROGRAM

Discussion: Typically there will be N samples in a rangecell, N lags to

be computed. option for with or without overlapping rangecells. Let LeR1 =

Parameter for the no. of samples which is also equal to the no. of lags in

the rangecell and LCR2c Parameter for the no. of rangecells for time average.

See III. 2. for the formula.
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P(_O

OR'
-~"""'- • TAR

YES

R[LOAO LCRI

- --------_.~----_._------
~

-----------~ ------
RnOAO L(R2

------------
GaTO 1 SET LP RETURN AOORESS

- - - - - - - - - - ~ - - - - - - - - - -- -
(OUNT NO. Of STM:T COMPUltS

------ -_.~---~-------­

~ O SET rr2

~
I_C-~-C-~-C-C-~-C-=__'-~~LC;'!--;LC~~~2- _

tCI_LCI-l

LCRIA·LCl

>;'~'~'-!~:;i~~tCl·O Lel-LCRI

"0
LCI.LCi-l

MAIN
PROCRI.li

SUBROUT l N[

P(.IO LCI·LCI-I L(I-O

ViS

F(·ll

L(l'L(R1A

------_.~--~--~---~---~--

-, /
L(I'LC\-I /l(I.O

Yes
LCI·['q

_._._--_.~--~-~---~--~._~---~

L(2'L(2-1 LC2-0

'"
UN(ONDlTIDIIAL RETURN

FIGURE 5. FLOW CHART FOR SINGLE PULSE PROGRAM
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COMMENTS

Correlator 1s in ldle mode unt!1 START COMPUTE signails

received from the radar controller. then jumpa to pe value

set in START ADDRESS REGISTER. (See Re!. 3 DATA-FIELD

In DIGITAL CORRELATOR.)

See Re!. 3. PROGRAM INSTRUCTIONS

Correlator needs two clock eyeles for a RELDAD, hence one

dummy instruction.

Jump to the 8ubroutine and push the register stack for return

from subroutine (i.e. jump to pe • 5 from subroutine)

The START COMPUTE count gives the number of times the correla­

tor has actually received a START OOMPUTE Signal hefare a DMA

tranafer. (i.e. Actual integration time befare DMA transfer).

This value ls placed af ter the data ln the result memory in

bath channels as a negative number.

Jump to pe - O and wait for next START COMPUTE signal. The FF2

ls now set for integration of next time average.

Nate that LCR1A receives the value of LC1 hefore LC1 changes

value. The loading of LCR1A occurs in the middle of the clock

cycle and LC1 changes value at the end of the clock eyele.
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APB PROCESSOR

R5(15) - Nn of Samples - 1 in rangecell

R5(14) - No. of Rangecells -1 for time average

RS(13} - Rangecell Incr. (-1 for no overlapp1ng of rangecells and ~ O for

overlapp1ng of rangecells)

R5(12) - Sample Iocr. (Normal ly - 1)

RS(11) - Temporary Storage.

PC - O Do nothing

PC - l F ~ RS(15)

Pe - 2 Do nothing

PC - 3 F ~ RS(14)

PC - 4 Q • F F ... DATAl. AND. O

FC - 5 Q - F F ~ RS( 12)+Q

PC • 6 Do nothing

PC - 7 Q - F F ~ Q-RS(13)

PC - 8 Q • F F ~ RS(13)+Q

PC - 9 RS(I1)-F F ~ RS(12)+Q

PC - '0 RS(l1)-F F ~ RS(12)+R5(1')

PC - l 1 Q - F F ~ RS(12)+Q

PC - 12 Do nothing
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APM PROCESSOR

RS(15) ~ Rangecell Incr. (~nu of Lags computed)

RS(14) E: Incr. (Normally c 1)

RS(13) Temp. storage

pe • O Do noth1ng

pe - Do nothing

pe - 2 Do noth1ng

pe -3 Do nothing

pe • 4 Q - F F -+ DATAI.ANU.O

pe - 5 Q • F F ..,. RS(15)+Q

pe • 6 Do nothing

pe • 7 Q • F F ~ Q-RS(15)

pe c 8 Q • F F ~ RS(15)+Q

pe "" 9 RS(13)-F F ~ RS(14)+Q

pe • 10 RS( 1)=' F ~ RS(14)+RS(13)

pe • 11 '~Q

pe - 12 Do nothing
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FLIP FLOPS (FF1, FF2) ON ACCUMULATORS

FC' O set strobe '" O WRrTE '" O READ • O

FC • 5et strohe "" WRITE '" O READ • O

PC = 2 set strobe "" WRITE • O READ • O

PC • 3 set strobe '" WRITE - O READ = O

PC • 4 set strohe Et WRITE .. O READ • O

PC = 5 set s.trobe '" WRlTE .. READ •

PC • 6 set strobe '" 1 WRITE '"" O READ • O

PC • 7 set strohe - WRITE - O READ - O

PC • 8 set strobe ... WRITE - READ •

PC • 9 5et strobe ... WRITE = READ •

PC • 10 set strobe "" WRITE - READ •

PC • 11 set strobe - WRlTE = READ •

PC • '2 set strobe '" WRITE • O READ • O

FFI FF2

PC - O CLEARl • O SETl - O CLEAR2 • O SET2 • O

PC • CLEARl • O SETI = O CLEAR2 • O SETZ = O

PC • 2 CLEARl "" O SET' • O CLEAR2 • O SET2 • O

PC • 3 CLEARl "" O SETt '" O CLEAR2 O SET2 • O

PC • 4 CLEARl '" O SETl • O CLEAR2 • O SET2 • O
PC • 5 eLEARl .. 1 SET1 ... O CLEAR2 - O SET2 - O

PC' 6 CLEARl = O SETt • O CLEAR2 .. O SET2 -

PC • 7 eLEARl ... O SETI • O CLEAR2 • O SET2 - O

PC • 8 CLEARl .. SET1 "" O CLEARl • O SET2 • O

PC • 9 CLEAR1 = O SET1 O CLEAR2 • O SETZ • O

PC • lO CLEARl .. O SETl" O CLEAR2 • O SET2 = O

PC • 11 CLEARl .. O SETl os CLEAR2 • O SETZ '" O

PC • 12 CLEARI • O SETt II: O CLEAR2 .. O SET2 = O
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COMMENTS

If FF2 has been reset write -1 into result memory. If FF2

has been set read from result memorYt add -1, then write to

result memory.

Reset FF1 to read O into accumulators, then write to result

memory.

If FFI has been previously reset read O into accumulators t if

FP1 has been previously set read from result memory into accu­

mularars, then wrlte to result memory.

If FFl has been previausly reset read O into accumulators. if

FF1 has been previously set read from result memory into accu­

mulators, then write to result memory.

Set FFl to read from result memory into accumulators, then

write to result memory.

see Re!. 3 ARI/ACC INSTRUCTIONS. Refer to ACC Sectlon.

ARITHMETICAL PART OF DATA PROCESSING

DATA SAMPLES TO REGISTERS

MULTIPLIER4 MULTIPLIERJ MULTIPLIER2 MULTIPLIERl

B A B A B A B A

PC • O X X X X X X X X

PC • X X X X X X X X

PC· 2 X X X X X X X X

PC - 3 X X X X X X X X

PC • 4 X X X X X X X X

PC • 5 X X X X X X X X

PC • 6 X X X X X X X X

PC • 7 X X X X X X X X

PC • 8 Y X X Y Y Y X X

PC' 9 Y X X Y Y Y X X

PC • 10 Y X X Y Y Y X X

PC • 11 Y X X Y Y Y X X

PC • 12 X X X X X X X X
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STROBING INTO REGISTERS

MULTIPLIER4 MULTIPLIER3 MULTIPLIER2 MULTIPLIERl

B A B A B A B A

PC O NS NS NS NS NS NS NS NS

PC = 1 NS NS NS NS NS NS NS NS

PC • 2 NS NS NS NS NS NS NS NS

PC· 3 NS NS NS NS NS NS NS NS

PC • 4 NS NS NS NS NS NS NS NS

PC • 5 NS NS NS NS NS NS NS NS

PC • 6 NS NS NS NS NS NS NS NS

PC' 7 NS NS NS NS NS NS NS NS

PC B S S S S S S S S

PC • 9 S NS S NS S NS S NS

PC = 10 S NS S NS S NS S NS

PC • 1 l S S S S S S S S

PC· 12 NS NS NS NS NS NS NS NS

S ... strohe value into register. NS - No strobe.

PC = O to pe ... 4 and re "" 6, pe "" 7, PC 12 are du_ instructlons. In pe = 5

- 1 is strohed into the ALU's and in PC -Stope ... 11 new samples are seleeted

from the buffel' memory and ALU12 computes MULTIPLIERl + MULTIPLIER2 and ALU34

computes MULTIPLIER3 - MULTIPLIER4. See Ref. 3 ARt/ACC instructions. Refer to

ARt instructions.

OUT AND I/O INSTRUCTIONS

These values are set to zero. The OUT instructlons are used for a DMA

transfer and the I/O instructions are ooly used in multicorrelator systems.

See REF.3 for further details.

FURTHER COMMENTS

As can be seen from the flow chart the loop counters are decremented after

sample processing BO lt is thus necessary to define LCRl = No of samples

in rangecell - 1 and LCR2 5 No of rangecells - 1 for time average.

The only restriction in this subroutine is that No. of samples ~ 1. The

subroutine assames that the start addresses of both the buffer and result

memories are already in the Q registers of the APB, APM processors which in

thl~ case are set to zero in the main program.
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VI. MAIN PROGRAM AND LINKING STRUCTURE

I RELOAD LOOP COUNTER REGISTERS I -
I

SET UP RETURN
GOTO SUBR. AADDRESS

RELOAD LOOP COUNTER REGISTERS I
I

SET UP RETURN
GOTO SUBR. B

ADDRESS

!RELOAD LOOP COUNTER REGISTERS I
I

[SET UP RETURN I GOTO SUBR. NIADDRESS

eDUNT NO. OF START COMPUTES I
I

SET FF2 GOTO O I

LINKING STRUCTURE

FOR AN

EXPERIMENT

With this structure it is fairly easy to construct a complete program

for a particular experiment. lt is only necessary to create the main program.

laad the necessary subroutines from file changing only the registers in the

APB and APM stacks if they are differently defined for the experiment and

then saving it on a file for later use. lt should be remembered that the

transfer program must start at Ioeetlan 32 in the RAM of the correlator. An

example of how to combine several subroutines with the corresponding main

program will be given in chapter VIII.2.

VII. DESCRIPTIONS OF SUBROUTINES

Descriptians of all subroutines designed to date will be given in this

section. Alsa a description of the transfer program will be included.
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VII. I.

POWER PROFILE SUBROUTINE (VERSION l)

PC=I

/la CORR
STAR '

'{lES

------------ --------------

PC=2
YES

lCl=O

HD

lC1=O
,s

r-,-,-..,..,.--,.,""
lCI=lCl-l

--r=-=-- -..::..::...:.-- - =.:...-- - -§-~-----
PC=3

PC=5 Z2
___________!-o_~_1='::::-:::!--~-____'-:..::-~- _ _ _ _

PC=6 lCI=lCRI
YES

UNCONOITIONAl RETURN
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APB

RS(tS) "" No. of Samples -1 in rangecell

RS(14) = No. of Rangecells -1 for time average

RS(13) • Rangecell Incr. (=1 for no overlapping of rangecells)

RS(12) "" Sample Incr. (Normal ly - 1)

PC • o
pe ""

PC ~ 2

PC • 3

PC • 4

PC • 5

PC • 6

Do nothing

Q • F

Q • F

Q • F

Q • F

Do nothing

APM

F ~ Q-RS(13)

F ~ RS(13)+Q

F ~ Q

F -+ RS(12)+Q

F ~ RS(12)+Q

PC • O

RS(15) m Increment (m 1)

Do nothing

PC·

pe E 2

PC = 3

PC • 4

PC • 5

pe • 6

Q • F

Q • F

Do nothing

Do nothing

Do nothing

F ~ Q-RS(15)

F ~ RS(15)+Q

F ~ Q
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VII.2.

SINGLE PULSE SUBROUTINE (NO. OF LAGS En > SAMPLES)

L

r---'=;-'::-'::-'::-'::-'-'-'-"-''-rd :;...-, - - _.
PC=1

PC=2 L l O
'O "'-:-:::-::-=::-1

LCl=LCRl

LCR1A=LCl

PC=3 LC1=LCR1A

PC=4 ~8~]-:":O-<~Cl=LC1-l LCI-O

PC=5 I ~~ ..- LCloLC1-l

PC=6 ~~.oLC2=LC2-1

~ 'tf'

[--;:-'-­
- l

'* y r
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APB

R5(15) - No. of Samples -1 1n rangecell

R5(14) - No. of Rangecells -1 for time average

R5(13) • Rangecell Iocr. (~ 1 for no overlapping of rangecells)

R5(12) • Sample Ipcr. (Normal ly ~ 1)

RS(11) - Temporary Storage

PC - O Do nothing

PC - Q • F F ~ Q-RS(13}

PC • 2 Q • F F ~ RS(13)+Q

PC • 3 R5 (Il) • F F ~ RS(12}+Q

PC - 4 R5(l1} - F F ~ RS(12)+R5(11}

PC • 5 Q • F F ~ R5(12)+Q

PC - 6 Do nothing

AP>I

R5(15) • Rangecell Iocr. (- No. of Lags computed)

R5(14) • Increment (- 1)

RS(13) • Temporary storage

PC - O Do noth1ng

PC - 1 Q • F F + Q-R5(15}

PC • 2 Q - F F -+ RS(15)+Q

PC - 3 R5(13) • F F ~ R5(14}+Q

PC • 4 R5( 13) -" F ~ R5(14}+RS(13}

PC - 5 F ~ Q

PC - 6 Do nothing
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VII.3.

SINGLE PULSE SUBROUTINE (NO. OF LAGS .LE. NO. OF SAMPLES)

RR
~1"RJ

'"
; lCl'l@

[lt21~

l lC~
~-------~=- .:::s.. ---.---- -----

z', -'
J

/Cl ~·US
~O/>--~

I"
ltl leG]

l_________ ~~ (!:l _
~----=-=

[',',..Lj
1

l"" .'iD
lCI-O

OR
LeJ -o

YE'

~C1 l<'t-]J:_
[inl(~

.------------------ ~_t -----
L1,1,.J

P(-4
r=...,.,-~ ••

l.fLCJ~lCJ-~-jlC1-ltl-If<
lej o
o,

tO o
yl',

":".=.-- -- ,--

!lC" l(>1~

i'i.J l"l
---------- -------[ ,n

-j'CJ-'tJ-li !l(l'l(I-~'-<i.C1o'>
1'rB

l I te,t]
---------- ---------

.(.] lO LCR] rclt2-lt2-1'--{lCJ-lERi}":" te2 >
1 '

@'jC&WII'JC~1' RETUP:i)
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APB

RS(15) - No. of Samples -1 in rangecell

RS(14) .. No. of Rangecells -1 for time average

RS(13) - No. of Lags -1 in rangecell

RS(12) - Rangecell Iocr. c- 1 for no overlapping of Rangecells)

RS (11) • SaIiiple Iocr. (Normal ly" 1)

RS(10) - Temporary Storage

PC - O Do nothiog

PC - Q • F F + Q-RS(12)

PC - 2 Q - F F'" RS(12}+Q

PC - 3 RS('O) a F F'" R5(l1)+Q

PC a 4 RS(10, a F F + RS(l1)+RS{\O)

PC • 5 Do nothing

PC • 6 Q • F F + RS(11)+Q

PC - 7 Do nothing

APM

RS(15) • Rangecell Iocr. (- No. of Lags computed)

RS(14) .. Increment (- 1)

RS(13) - Temporary Storage

PC - O Do nothing

PC - 1 Q - F F + Q-RS(15)

PC - 2 Q a F F + RS(15)+Q

PC - 3 RS(1)) a F F + RS(14)+Q

PC - 4 RS(13) a F F + RS(14)+RS{\3)

PC - 5 Do nothing

PC - 6 F + Q

PC - 7 Do nothing



VIl.4.

MULTI PULSE SUBROUTINE

PC=1

PC=2

PC=3

- 3S -

PC=O ,

wo

------ ----~.,_L:=""T

LC2=Lr 2

YES
LCI=~ LCl=LCRli---,

,{O

~--!

-_. -- ----.,

LCl=LCRl

PC=4 LCl=LCI- LCl=O

PC=5

PC=6

L_--IT:IT~8~W:-'(LCI=LCl-j LCl=O



- 36 -

APB

R5(15) - No. of Pulses -1 in Rangecell

R5(14) ~ No. of Rangecells -1 for time average

RS(13) • Rangecell Increment (- 1 for no overlapping of rangecells)

R5(12) ~ Temporary Storage

RS(l )

RS(O)

g Sample Distance between 2nd last and 1st Pulse

• Sample Distance between last and 1st Pulse

PC - O Do nothing

PC • RS(12) - F F + Q-RS(13)

PC • 2 RS(12) • F F + RS(13)+RS(12)

PC • 3 F + RS(12)+RS(LC1)

PC • 4 F+ RS(12)+RS(LC1)

PC • 5 Q - F F+ RS(12)+RS(LC1)

PC • 6 Do nothing

APM

R5(15) • Increment C- 1)

PC - O Do noth1ng

PC • Q - F F + Q-RS(15)

PC • 2 Do nothing

PC' 3 Q • F F + RS(15)+Q

PC - 4 Q - P F + RS(15)+Q

PC = 5 Do nothing

PC - 6 Do nothing



- 37 -

VII. 5.

CROSS CORRELATJON SUBROUTJNE (NO. OF LAGS .EO NO. OF SAMPLES)

PC=1

PC=2 !
I

~-

( Pl=O
J -

<tORR"
':;TART

- - - 'ly"
~l-=:
tre LCR2

-- -I~
[)l}lI·\Y -,

1_

,
f

I
I

L~I=O

'LCRIA=LC1'= ,
r:: Y'S

~~~LC1=LCRIA­
.'C

,LC1=LC1-1
'----- ~

lb Ir -
i"· r

< l 1 o:>-+-rLC1=LCRl ,-
/
<"

,o
-(Lcl=LC1-11 -<--<PC=5

PC=4

PC=6

PC=7

PC=8

~---

I Zi~i+5+LI

LC1=LCl-~Cl ."0'>

[Lr1F~1
_o

LC2=LC2-1 <~LC2=O /
YES

UNCONDJTJONAL RETURN
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APB

R5(15) ~ No. of Samples -1 ln Rangecell

R5(14) ~ No. of Rangecells -1 for time average

RS(13) = Rangecell Iner. (= 1 for no overlapping of rangecells)

R5(12) c Start Address of 2nd Field - Start Address of 1st Field

RS(11) '" Sample lncr. ('" t)

R5(10) '" Temporary Storage

pe • O Do nothing

pe • Q - F F ~ Q-RS(13)

pe • 2 Q • F F ~ RS(13)+Q

pe - 3 RS( 10) • F F ~ RS(12)+Q

pe • 4 RS(10) • F F ~ RS(11)+RS(10)

pe = S RS(10) • F F ~ RS(11)+RS(10)

pe = 6 Q • F F~RS(ll)+Q

pe '" 7 RS(10) = F r -+ RS(12)+Q

pe • 8 Do nl.thing

APM

RS(15) '" Rangecell Incr. (c No. of Lags computed)

RS(14) • Incr. (= l)

RS(13) = Temporary Storage

pe = O Do nothing

pe • Q • F F ~ Q-RS(lS)

pe '" 2 Do nnthing

pe = 3 RS(13) • F F -lo RS(15)+Q

pe = 4 RS(13) = F F .... RS(14)+Q

pe = S RS( 13) = F F ~ RS(14)+RS(13)

pe = 6 Do nothing

pe • 7 F ~ Q

pe = 8 Do nothing
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VII.6.
TRANSFER PROGRAM

r--< PC=O )

l:<@"ORR"
. START ;>

"in
-- ---------~--------------

.RESET FF21
PC=32

PC=33

PC=34

PC=35

PC=36

PC=37

PC=38

PC=39

PC=40

PC=4l

PC=42

RELOAD LCR3_____________~-u- _
I DU~:1V I

----- ------- -- ..,..------
.gT CORR. FOR TRANSFER;

-- --'-------------------- ----
ITRANSFE~ STATUS WORD

____ o - _

"fifANSFER CO~TRDL'\IORDl

LC3=LCR3r--~--~-~--~--~-:,::;,-- --- -- ---
LLRANSFER MS - CHAN l

LC3-LC3-l
- -.==.-~--~-~--~-::..:;.;- - - - - - - - -

TRANSFER LS - CHAN l

TRANSFER MS - CHAN 2

TRANSFER LS - CH AN 2

LC3=O

1 '."-- - - - - - - - -r----".,;;,;;-;;;--
DUI-I11V I

____________ -1 _

--------- - ----------------
PC=43 DUf1MV

PC=44 GOTO 0
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APB

DATA! REG c No of 64 BIT Words for DMA Transfer.

PC • O Do nothing

PC • 32 p -+ DATAI

PC • 33 Do nothing

PC • 34 Do nothing

PC • 35 Do nothing

PC = 36 Do nothing

PC • 37 Do nothing

PC • 38 Do nothing

PC • 39 Do nothing

PC • 40 Do nothing

PC • 41 Do nothing

PC • 42 Do nothing

PC· 43 Do nothing

PC = 44 Do nothing

APM

RS(O) "" Increment (= 1)

PC • O Do nothing

PC • 32 Do nothing

PC • 33 Do nothing

PC • 34 Do nothing

PC • 35 Q F F -+ DATAI.AND.O
PC • 36 Q • F F ~ Q-RS(O)
PC • 37 Q • F F ~ RS(O)+Q
PC • J8 F~Q

PC - 39 F ~ Q

PC • 40 F ~ Q

PC • 41 Do nothing

PC • 42 Do nothing

PC • 43 Do nothing

PC • 44 Do noth1ng
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USE OF CORRSIM. CGRaTES!. PROGRAM DEVELQPMENT AND CORRELATOR CONTROL

The program CORRSIM ls used for deslgnlng new programs and lnteractlve

communication with the correlator. The user file can be of any name on which

the correlator program can be READ/WRITTEN from/to. The CORRSIM files PROGO ••.

PROGN (read access only) are fixed files of the variOU8 subroutlnes. There

will also be a library of fixed programs from which the experimenter may use,

if suitable, for a partlcular experiment. It will only be nece6sary to de­

fine the parameters for that experiment. These files can be found under the

names GP1, GP2 0'0 GPN and descriptions can be found in the manual "STANDARD

SUBROUTINES AND PROGRAMS FOR EISCAr DIGITAL CORRELATOR" hy T. Ho. EISCAr

Technical Notes. No. 81/27.

The program CQRRTEST is used for testing of programs off-line by simula­

ting the correlator hardware.

For furthers details about these programs see Ref. 2.
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STRUCTURE OF THE PROM IN THE CORRELATOR.

There will be several PROMs which will contain different fixed programs.

lt is only necessary to insert the necessary PROMs inta the correlator in

order to use them. These programs will be given in a later report. Note

that the transfer program for transferring data from the result memory through

the DMA channel will start at pe = 32 in all PROMs. When the correlator re­

ceives the START TRANSFER signal from the radar controller it automatically

executes a jump to this value.

Although Fig. 11 only shows one PROM there are in fact eight PROMs whlch

have to be inser ted inta the correlator.

~
PQWER PROFILE

(-I

<-j
TRANSFER PROGRAM

.-J

~
ffiJLTI PULSE

J

FIGURE 11 STRUCTURE OF THE PROM

These eight PROMs correspond to the eight RAM modules in the correlator.

Figure 11 is only intended as an illustration and the order of the programs

should be ignored except for the position of the transfer program.

In order to use the PROM BIT 3 in the STATUS word is set to " the SAR

is set to the location at which the particular program starts and all the

other necessary parameters are set through defining the DATA field tn the

CORRSIM program. The data field is then loaded inta the correlator and the

correlator is then ready for START CO~WUTE from the radar controller.
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CREATION OF A NEW PROGRAM

If a new program ls to be created containlng a cornbination of the sub­

routines stored in the files PROG O - PROG 9, then lt ls 001y necessary

to create a main program and link lt to whichever 6ubroutines are neccessary

from PROGO - PROGN (see Fig. 1).

As an example consider the following scheme. We would like to have a

program whereby we could select either the Power Profile. single Pulse or

Cross Correlatlon scheme such that the data, noise and callbratlon samples

may be camputed in any order. We could have the following flow chart.
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APE PROCESSOR

DATAI REG e No. of words for DMA TRANSFER

RS(15) = No. of Samples -1 in Rangecell (Data and Noise and Calibration)

RS(14) = No. of Rangecells -1 for time average (Data or Noise or Calibration)

Camputed first.

RS(13)

RS( 12)

RS(l1)

RS( 10)

RS(9)

RS(B)

RS(7)

= No of Lags -1 in Rangecell (Da~a and Noise and Calibration)

= Rangecell Increment ( ~1 for no overlapping of rangecells)

~ Start Address 2nd Field-Start Address 1st Field

= Sample Increment (NORMALLY = 1)

= Temporary Storage.

~ No. of Rangecells -1 for time average (Data or Noise or Calibra­

tian) camputed 2nd

= No. of Rangecells -1 for Time average (Data or Noise or Calibra­

tian) camputed 3rd.

FC • O

FC •

FOR MAIN PROGRAM

Do nothing

F ~ RS(15)

FC • 2 Do nothing

FC • 3

FC' 4 Do nothing

FC • 5

FC • 6 Q F

FC 7

FC • B Q • F

FC • 9

FC • 10 Q F

FC • 11 Q • F

FC • 12 Do nothing

F ~ RS(14)

F ~ RS(13)

F -+ DATAI.AND.O

F ~ RS (B)

F ~ RS(lO)+Q

F ~ RS(7)

F ~ RS(lO)+Q

F ~ RS(lO)+Q
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R5(15) - Rangecell Increment (- No. of Lags computed)

R5(14) - Inc:rement (- l)

R5(13) - Temporary storage

R5(O) - Increment for Transfer Program (- 1)

FOR MAIN PROGRAM

PC • O Do nothing

PC • Do nothing

PC • 2 Do nothing

PC • 3 Do nothing

PC • 4 Do nothing

PC - 5 Do nothing

PC - 6 Q • F F .. DATAI.AND.O

PC - 7 Do noth1ng

PC - B Q • F F -+ RS(15)+Q

PC • 9 Do noth1ng

PC - 10 Q - F F + RS(15)+Q

PC - ,,
Q - F F + RS(15)+Q

PC • 12 Do nothing
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In this program the LeRl register is loaded with the No. of samples -1

ln Rangecell (Data and Noise and Calibration) parameter~ the LCR2 register

ls loaded with the No. of Rangecells -1 for time average (Data or Noise or

Calibration), the LCR3 register ls loaded with No. of Lags -1 in Rangecell

(Data and Noise and Calibration). This will be so for all subroutlnes ex­

eept for the Multi Pulse where LCR1 register ls loaded with No. of Pulses -1

in Rangecell. The Data and Noise and Calibration in parenthesis means that

the same value is used when computing the three different sets of data. The

Data or Noise or Calibration in parenthesls means that three values have to

be defined for the different data set s and the computed 1st, 2nd, 3rd says

in which order they are used in the computation.

In the program it can be seen that the APB, APM register stacks are different­

ly defined from those of Power Profile subroutine and are consequently

changed in the program. A modification has also been made in the Cross corre­

lation subroutine at PC = 14 (PRO instruction) and in the Power Profile sub­

routine at PC ~ 21 (APM instruction) of the program.

To get the Power Profile routine define APBRS(13) = O

To get the Single Pulse routine define APBRS(11) ~ O

To get the Cross Correlation routine define APBRS(13) ; O and APBRS(ll) ; O

In order to place a subroutine in a different location than that defined in

the subroutlne into the correlator lt is necessary to give the difference

between the wanted location and that of the defined locatlon when the display

shows tIClVE ENTRY-POINT IN CORRELATOR MEMORY:" For example, for this program

the cross correlation subroutine starts at location (PC =) 1 on the file

and it is necessary to place it in the correlator memory starting at loca­

tion 13 then a value of 12 has to be given when "GlVE ENTRY-POINT IN CORRE­

LATOR MEMORY:" is displayed. If there is a direct jump addres5 in the sub­

routine then lt will be automat1cally adjusted. Also location O will remain

location O when a value is given (see Ref 2 for further details).
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IX CONCLUSIONS

There are several restrictlons which have to be taken into account

when deslgning a program. First, the slze of RAM of the Correlator.

This memory has 64 locatlons and 8S locatlon O is used for idle runoiog

of the correlator, location 63 for the storage of a service routlne

and locatians 32-44 for the transfer program there are in effect

only 41 locatlons free for programming (1 - 31 and 45 - 62). Hence

the numher of subroutlnes that can be loaded into the correlator at

BOy one time ls restrlcted by the lengths of the main program and

suhroutines. Seeond. the size of the register stacks for the APB and

APM processors. These stacks have 16 available locations for storage

of the parameters. When using the Multi Pulse subroutine in a particu­

lar combination it can be seen that there will be necessarily a re­

striction on the number of pulses that can be used for that scheme

in that particular experiment depending on how the register stack for

the APB processor is defined. Third, there are only 4 return addresses

that can be used at any one time in a program. Fourth. there are only

3 loop counters that can be used at any one time.

In spite of these programming restrictlons the correlator has

enaugh programming flexibility to cater for the needs of an experimenter.
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IMICRO-PROGRAM FOR DIGITAL CORRELATOR I
AUTOR: TERRANCE HO DATE: 6/8/80

PROGRAM NAME: POWER PROFILE SUBROUTINE (VERSION l)
FILE-NAME (NORD 10): PROG~:DATA

PROGRAM DESCRI PTI ON:
N-I 2 2

DATA CHANNEL I ZERD LAG ESTIMATlON Kr =~(X;+(N+D-I)(r_I)+ Y;+(N+D-I)(r-I»
i =D

N-I
DATA CHANNEL 2 MEAN VALUE ESTIP~TIDN Mr =~(Xi+(N+D-I)(r-I)+ Y;+(N+D-I)(r-I»

l=D
WHERE N=NO. OF SAMPLES IN RANGECELL

D=DVERLAP FACTOR (=1 FDR NO DVERLAPPING AND~O FOR DVERLAPPING)
r=I.2 ••.••MRANGECELLS FOR TIME AVERAGE

RESTRICTIONS
MINIMUM ND. DF SAMPLcS IN RANGEDATA: I

NOTES
l. The formulae above are given with respect to the way in which the XI Y samples

are read from the buffer memory.
2. The Q registers of the APB, APM processors must be defined with the start

addresses of the buffer. result memories in the main program.
3. The LCRI register must be reloaded with the APBRS(15) register and the LCR2

register must be reloaded with the APBRS(14) reg;stp.r in the ma;n program.

START ADDRESS FOR PROGRAM: I

PROGRAM- MEMORY LOCATIONS USED: I - 6
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I MICRO-PROGRAM FOR DIGITAL CORRELATOR I
AUTOR: TERRANCE HO DATE: 6/8/80

PROGRAM NAME: POI·IER PROFILE SUBROUTINE (VERSION l)
FILE-NAME (NORD 10): PROG~:OATA

REGISTER NAME

SAR
APB RS(IS)
APB RS(14)
APB RS(13)

APB RS(12)
APM RS(15)

REG ISTER ADDRESS

4

16,15
16,14
16,13

16,12
17,15

PARAMETER

START AOORESS OF SUBROUTINE
NO. OF SAMPLES-l IN RANGECELL
NO. OF RANGECELLS-I FOR TIME AVERAGE
RANGECELL INCREMENT (=I FOR NO OVER­
LAPPING OF RANGECELLS)
SAMPLE INCREMENT (NORMALLY=I)
INCREMENT (=1)
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IMICRO-PROGRAM FOR DIGITAL' CORRELATOR I
AUTOR: TERRANCE HO DATE: 6/8/80

PROGRAM NAME: POI~ER PROFILE SUBROUTINE (VERSION 1)

FILE-NAME (NORD 10): PROG@,OATA

PROGRAM DESCRIPTION:

APB PROCESSOR APM PROCESSOR

PC=1 Q=F F~Q-RS( 13) Q=F F-Q-~S(15)

PC=2 Q=F F~RS(13)+Q Q=F F~RS(15)+Q

PC=3 F'"Q 00 NOTHING

PCo4 Q=F F--RS(12)+Q DO NOTHING

PCo5 Q=F F~RS(12)+Q F--Q

PC=6 DO NOTHING 00 NOTHING

START ADDRESS FOR PROGRAM:
PROGRAM- MEMORY LOCATIONS USEO:
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CORRELATOR SIMULATOR •••
PROGRAM NAME: POWER PROFILE SUBROUTINE (VERSION 1)

COOING IINTEGERI OF SEPARATE CORRELATOR FUfVCTIOr~s

PROGRAM- INSTRUcT IO/JS DEF WED
MEM-Loe. COND.CDDE CODE-B CDDE-A ADDR. LC1 LCR1A LC2 LC3 RELDAD R-ADDR.

O 56 a q O a a a a a a
1 56 a q a 2 a 3 a a a
2 57 6 q 6 1 a a a a a
3 57 6 q 5 1 a a a a aq 57 q 6 q 1 a a a a a
5 56 a q a a a a a a a
6 58 1 6 2 2 a 1 a a a

APB-INSTRUCTIDNS DEFINED
MEM-LDC. ALU-SOURCE ALU-FUNCTION ALU-DESTIN. A-ADDR. B-ADDR. SELEcT

a 7 5 1 a O a
1 a 1 a 13 a a
2 a a a 13 a a
3 2 a 1 a a a
q a a a 12 a a
5 a a a 12 a a
6 7 5 1 a a a

APM-INSTRUcTIDNS DEFINED
MEM-LDC. ALU-SDURCE ALU-FUNCTION ALU-DESTIN. A-ADDR. B-ADOR.

a 7 5 1 a O
1 a 1 a 15 a
2 a a a 15 a
3 7 5 1 a a
• 7 5 1 a a
5 2 a 1 a a
6 7 5 1 o a

ARITHMETICAL INSTRUCTIONS DEFINED
MEN-Loe. MlA M10 M2A M28 M3A M38 MqA M48 SM1 SM2 SM3 SMq M12 M3q

o o a a a a a a o a a a a 15 15
1 a a a a a a a a a a a a 15 15
2 a a 1 1 q a q 1 3 3 3 3 9 9
3 a a a a a a a a 3 3 3 3 6 6
4 a a 1 1 q o q 1 3 3 3 3 9 9
5 a a 1 1 q a q 1 3 3 3 3 9 9
6 a a a a a a a a a a o a 15 15

ACCUMULATDR INSTRUCTIONS DEFINED
MEM-Loe. STROBE I/O WRITE READ CLEARl SET1 CLEAR2 SET2

o O a O a a a o
1 1 o a 1 a a a
2 1 1 1 a a a O
3 1 a o a a O a
4 l a a a a a a
5 l 1 a a a a O
6 1 a O a a O a
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I/O INSTRUCTIONS DEFINED
MEM-LOC. SETF CLEARF SELECT BUF.ADDR. STRODE I-REG. ENABLE EDB ENAOLE EAI

O O O O O O O
1 O O O O O O
2 O O O O O O
3 O O O O O O

" O O O O O O
5 O O O O O O
6 O O O O O O

OUTPUT-TRANSFER INSTRUCTIOI~S DEFINED
MEI1-LOC. TRANSFER INHIBIT CLOCK DATA-READY TRANSFER-CODE SQURCE

O O O O O O
1 O O O O O
2 O O O O O·
3 O O O O O

" O O O O O
5 O O O O O
6 O O O O O
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IMICRO-PROGRAM FOR DIGITAL CORRELATOR I
AUTOR: TERRANCE HO DATE: 6/8/80

PROGRAM NAME: SINGLE PULSE SUBROUTlNE (NO. OF LAGS .EQ. NO. OF SAfIPLES)
FILE-NAME (NORD 10): PROG2:DATA

PROGRAM DESCRIPTlON:

DATA CHANNEL 1
. J N-L-I

Re;KL,r =~ (Xi+(N+D-I)(r-I)X;+L+(N+D-I)(r-l)+ Y;+(N+D-I)(r-I)Y;+L+(N+D-I)(r-I))
;=0

DATA CHANNEL 2
N-L-I

ImlKL,r] =)' (X;+L+(N+D-l)(r-I)Y;+(N+D-l)(r-l,- X;+(N+D-I)(r-I)Y;+L+(N+D-I)(r-l))
;=0

WHERE N=NO. OF SAMPLES IN RANGECELL
L=O,1,2, ... ,N-l

D=OVERLAP FACTOR (=1 FOR NO OVERLAPPING AND';D FOR DVERLAPPING)
r=I,2 •... ,M RANGECELLS FDR TIME AVERAGE

RESTRICTIONS
MINIMUM NO. OF SAMPLES IN RANGEDATA: 1

NOTES
l. The formulae above are given with respect to the way in which the X. y samples

are read from the buffer memory.
2. The Q registers of the APS, APM processors must be defined with the start

addresses of the buffer, result memories in the ma;n program.

3. The LeRl register must be reloaded with the APBRS(lS) register and the lCR2

register must be reloaded with the APBRS{14) register in the main program.

START ADDR ESS FOR PROGRAM: 1

PROGRAM-MEMORY LOCATIONS USED: 1 - 6
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IMICRO-PROGRAM FOR DIGITAL CORRELATOR I
AUTOR: TERRANCE HO DATE: 6/8/80

PROGRAM NAME: SINGLE PULSE SUBROUTINE (NO. OF LAGS .EQ. NO. OF SAMPLES)
FILE - NAME (NORD 10): PROG2:0ATA

REGISTER NAME
SAR
APB RS(16)
APB RS(14)
APB RS( 13)

APB RS(12)
APB RS(l1)
APM RS(15)

APM RS(14)
APM RS(13)

REGISTER ADDRESS
4

16,15
16,14
16,13

16,12
16,11
17,15

17,14
17,13

PARAMETER
START AOORESS OF SUBROUTINE
NO. OF SAMPLES-l IN RANGECELL
NO. OF RANGECELL-l FOR TIME AVERAGE
RANGECELL INCREMENT (=1 FOR NO OVER­
LAPPING OF RANGECELLS)
SAMPLE INCREMENT (NORMALLY=I)
TEMPORARY STORAGE
RANGECELL INCREMENT (=NO. OF LAGS
COMPUTEO)
INCREMENT (=1)
TEMPORARY STORAGE
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IMICRO-PROGRAM FOR DIGITAL CORRELATOR I
AUTOR: TERRANCE HO DATE: 6/8/80

PROGRAM NAME: SINGLE PULSE SUBROUTINE (NO. OF LAGS .EO. NO. OF SAMPLES)

FILE-NAME (NORD 10): PROG2:0ATA

PROGRAM DESCRI PTION:

APB PROCESSOR APM PROCESSOR

PC=I Q=F

PC=2 Q=F

PC=3 RS(lI)=F

PC=4 RS(lI )=F

PC=5 Q=F

PC=6 00 NOTHING

F~Q-RS(13)

F~RS(13)+Q

F-->RS(12)+Q

F-->RS(12)+RS(11)

F....RS(12)+Q

Q=F

O=F

RS(13)=F

RS(13)=F

00 NOTHING

F-+Q-RS(15)

F~RS(15)+Q

F-+RS(14}+Q

F....RS(14)+RS(13)

F-+Q

START ADDRESS FOR PROGRAM:
PROGRAM- MEMORY LOCATIONS USED:



•••

- 58 -

CORRELATOR SIMULATOR •••
PROGRAM NAME: SInGLE PULSE SUBROUTINE (NO. OF LAGS .EO. tJO. OF

SM1PLES l

COOHJG (INTEGER I OF SEPARATE CORkCLATOR FurKT LONS

PROGRAM-INSTRUCTIONS OEFINEO
MEM-LOC. CONO.COOE COOE-8 COOE-A AOOR. LC1 LCR1A LC2 LC3 RELOAO R-AOOR.

a 56 a ~ a a a a a a a
l 56 o ~ o 2 o 3 a o d
2 57 6 ~ 6 f a o o a o
3 57 6 ~ 5 7 1 o a a o
~ 57 ~ 6 ~

., o a a a a
5 57 ~ 6 3 6 o o a a a
6 58 l 6 2 o o l a o a

APB-INSTRUCTIONS OEFINEO
f"'1Ef'l-LQC. ALU-SOURC[ ALU-FUNCT1ON ALU-OESTI N. A-AOOR. B-AOOR. SELECT

o 7 5 1 a a a
l o 1 a 13 o o
2 o o a 13 a a
3 a a 3 12 11 a

" l a 3 12 11 a
5 a a a 12 a a
6 7 5 1 a a a

APM-INSTRUCTIONS DEFINEO
MEr1-LOC. ALU-SOURCE ALU-FUNCTION ALU-OESTIN. A-ADDR. B-AODR.

a 7 5 I o a
l a l o 15 a
2 a a a 15 a
3 a a 3 H 13

" l a 3 l" 13
5 2 a l a a
6 7 5 l o a

ARITHMETrCAL I1JSTRUC TlONS DEF I rJED
,~lEI"-LOC • 1'1l.\ MIB M2A M2B r.,3A M38 Ml+A r-148 SM1 SM2 SM3 SM" rU2 M3~

a o a a a a a a a a a a a 15 15
1 a a a a a a a a a a a a 15 15
2 a a 1 1 l a a 1 3 3 3 3 9 6
3 o a 1 1 1 a a l 2 2 2 2 9 6
~ a a l 1 1 a a 1 2 2 2 2 9 6
5 a a l l 1 a a 1 3 3 3 3 9 6
6 a a a a a a a a a a a a 15 15

ACCUNULATOR INSTRUCTIONS OEFINED
HEH-Lac. ST;OBE I/O WRITE READ CLEAR1 SET1 CLEAR2 SET2

a a a a a a a a
I l a o a o o o
2 I 1 I 1 o o a
3 I 1 1 a o a a
~ l 1 l a o a a
5 .1 1 l a I a a
6 l a a a a a a
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I10 INSTRUcTIOHS OEFINEO
MEM-LOC. SETF CLEARF SELEcT BUF.ADDR. STROOE I-REG. ENAOLE EDB EfJAnL[ EAB

O O O O O O O
l O O O O O O
2 O O O O O O
3 O O O O O O
4 O O O O O O
5 O O O O O O
6 O O O O O O

OUTPUT-TRANSFEH INSTRUcTIONS DEFINED
MEM-LOC. TRANSFER INHIBIT CLOCK DATA-READY TRAHSFER-CODE SOURCE

O O O O O O
l O O O O O
2 O O O O O
3 O O O O O
4 O O O O O
5 O O O O O
6 O O O O O
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IMICRO-PROGRAM FOR DIGITAL CORRELATOR I
AUTOR: TERRANCE HO DATE: 6/8/80

PROGRAM NAME: SINGLE PULSE SU8ROUTINE (NO. OF LAGS .LE. NO. OF SAHPLES)
FILE-NAME (NORD 10): PROG3:0ATA

PROGRAM DESCRI PTI ON:
DATA CHANNEL 1

r 1 N-L-I
ReLKL,~ =~ (X;+(N+O-I)(r-I)X;+L+(N+O-I)(r_I)+ Yi+(N+O-I)(r-I)Yi+L+(N+O-I)(r-I))

1=0

DATA CHANNEL 2
( _N-L-I

Im l KL ,r) -~ (X;+L+(N+O-I )(r-I) y ;+(N+D-I )(r-Ir X;+(N+O_I )(r-I) y i+L+(N+O-I )(r-l))
1=0

WHERE N=NO. OF SN~PLES IN RANGECELL
L=O,l,2 •...•P P~N-l

O=OVERLAP FACTOR (=1 FOR NO OVERLAPPING ANO,,;O FOR OVERLAPPING)
r=I,2, ... ,I~ RANGECELLS FOR TIf1E AVERAGE

RESTRICTIONS
MINIHUM NO. OF SAMPLES IN RANGEDATA: 1
MHIIMUM NO. OF LAGS IN RANGEOATA: 2

NOTES--
l. The formulae above are given with respect to the way in which the XI Y samples

are read from the buffer memory.

~. The Q re~;sters of the APB. APM processors must be defined with the start
addresses of the buffert result memories ;n the main program.

3. The LCRI register must be reloaded with the APBRS(15) register, the LCR2
register must be reloaded with the APBRS(14) register and the LeR3 register
must be reloaded with the the APBRS(13} register ;n the main proqram.

START ADDRESS FOR PROGRAM: 1

PROGRAM- MEMORY LOCATIONS USED: l - 7
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IMICRO-PROGRAM FOR DIGITAL CORRELATOR]
AU TOR: TERRANCE HO DATE: 6/8/80

PROGRAM NAME: SINGLE PULSE SU8ROUTINE (NO. OF LAGS .LE NO OF SA~1PLES)

FILE-NAME INORD 10): PROG3:0ATA

REGISTER NAME REG ISTER ADDRESS PARAMETER

SAR 4 START AOOP S ' BROUTINE
APB RS(15) 16,15 NO. OF SA/-!" ) I j', RA'~GECELL

APg RS(14) 16,14 NO. OF RArI,1 CELL< I FOR TINE AVERAGE
APB RS(13) 16,13 NO. OF LAGS-I IN RANGECELL
APB RS(l2) 16,12 RANGECELL INCREWIT ("I FOR 110 OVER-

lAPPING OF lANGE CELLS)
APB RS(II) 16,11 ,ANPLE ! rqE~EN (NOP.I'ALLYTI)
APB RS(IO) 16,10 TE I'PrR~Rv .T RA

APM RS(15) 17,15 QA1IGECELL INrR "ENT ("IlO. OF LAG~

- }'PliTED'
APM RS(14) 17,14 lNCRH1ENT ( ')
APM RS(13) 17,13 TENPORARY STORAGE
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IMICRO-PROGRAM FOR DIGITAL CORRELATOR I
AU rOR: TERRANCE HO DATE: 6/B/BO

PROGRAM NAME: SINGLE PULSE SUBROUTINE (NO. OF LAGS .LE. NO. OF SAfIPLES)

FILE-NAME (NORD 10): PROG3:0ATA

PROGRAM OESCRIPTION:

APB PROCESSOR APN PROCESSOR

PC=! Q=F F->Q-RS(!2) Q=F F~Q-RS(!5)

PC=2 Q=F F-.>RS(I2)+Q Q=F F~RS(!5)+Q

PC=3 RS( !O)=F F~RS(Il)+Q RS(I3)=F F"'RS(I4)+Q

PC=4 RS(lO)=F F~RS(!I)+RS(IO) RS(13)=F F"'RS(I4)+RS(13)

PC=5 DO NOTHING DO NOTHING

PC=6 Q=F F... RS (Il )+Q F-.>Q

PC=) DO NOTHING DO NOTHING

START ADORESS FOR PROGRAM:
PROGRAM- MEMORY LOCATIONS USEO:
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CORRELATOR SIMULATOR •••
PROGRAM NAME: SINGLE PULSE SUGRDUTIN[ (NO. OF LAGS .LE. NO. OF

SAf'iPlES)

COOING (INTEGERI OF SEPARATE CORRELATOR Fur'J( T I QNS

PROGRAM-INSTRUCTIONS DEFIfJED
MEM-LOC. COND.CODE CODE-B CODE-A ADDR. LCl LCRlA LC2 LC3 RELOAD R-ADDR.

O 56 O ~ O O O O O O O
l 56 O ~ O 2 O 3 2 O O
2 61 6 ~ 7 l O O l O O
3 61 6 ~ 5 l l O l O O
~ 61 ~ 6 ~ l O O l O O
5 56 O ~ O 3 O O 2 O O
6 57 ~ 6 3 6 O O l O O
7 58 l 6 2 2 O l 2 O O

APB-INSTKucTIor~s DEFINED
HEM-LQe. ALU-SOURCE ALU.FUNCTION ALU-DESTIN. A-AODR. B-ADDR. SELECT

O 7 5 l O O O
1 O 1 O 12 O O
2 O O O 12 O O
3 O O 3 11 10 O
~ l O 3 11 10 O
5 7 5 l O O O
6 O O O 11 O U
7 7 5 l O O O

APM-INSTRUcTIONS DEFINED
MEM-LOC. ALU-SOURCE ALU-FUNCTION ALU-OESTI N. A-ADDR. B-ADDR.

O 7 5 l O O
l O 1 O 15 O
2 O O O 15 O
3 O O 3 H 13

• l O 3 l~ 13
5 7 5 l O O
6 2 O l O O
7 7 5 l O O

ARITHf"1ETICAL INSTRUCTIONS DEFINED
M[11-LOC. MIA MIB M2A M2B M3A M3B M'fA Mt+B S;11 5:"'2 5M3 S i.., If 1'112 l" .54

O C O O O O O O O O O O O 15 15
l O O O O O O O O O O O O 15 15
2 O O l 1 1 O O l 3 3 3 3 9 6
3 O O 1 1 l O O 1 2 2 2 2 9 6
~ O O 1 l l O O l 2 2 2 2 9 6
5 O O O O O O O O O O O O 15 15
6 O O l 1 l O O 1 3 3 3 3 9 6
7 O O O O O O O O O O O O 15 15

ACCU,.lULArOR II~STRUCTIONS DEFINEO
M[M-Loe. SBOBE I/O WRITE READ CLEARI SETI CLEAR2 SET2

O O O O O O O O
1 1 O O O O O O
2 l 1 1 l O O O
3 1 1 1 O O O O

• 1 1 1 O O O O
5 1 O O O O O O
6 1 1 1 O 1 O O
7 l O O O O O O
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l/O INSTRUCTIONS DEFINED
MEM-lOC. SETF ClEARF SElECT BUF.ADDR. STROBE I-REG. [NABLE EDB EfJABlE EM

O O O O O O O
1 O O O O O O
2 O O O O O O
3 O O O O O O
4 O O O O O O
5 O O O O O O
6 O O O O O O
7 O O O O O O

OUTPUT-TRANSFER INSTRUCTIONS DEF HJED
Mnl-LOC. TRANSFER ItJHIBIT CLOCK DATA-RCADY TRANSFER-CODE SOURCE

O O O O O O
1 C O O O O
2 O O O O O
3 O O O O O
4 O O O O O
5 O O O O O
6 O O O O O
7 O O O O O
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IMICRO-PROGRAM FOR DIGITAL CORRELATOR I
AUTOR: TERRANCE HO

PROGRAM NAME: MULTI PULSE SUBROUTINE
FILE-NAME (NORD 10): PROG4:DATA

PROGRAM DESCRIPTION:

DATE: 6/8/80

DATA CHANNEL 2

DATA CHANNEL I
r

Re~KL.~ = xS+r-lxS+ltr-l+ YStr-lYS+Ltr-l

Im[ KL,;~ = XS+L+r _1yS+r-I- XS+r_1yS+L+r-1

LET JO=PDSITIDN OF Ist PULSE
JI=SAMPLE DIFFERENCE BETWEEN Ist AND 2nd PULSE

JN_I=SAMPLE DIFFERENCE BETWEEN Ist AND Nth PULSE

WHERE S=JD,J I ,J2,··· ,JN_2
L=JI-S ,J2-S .... ,JN_I-S ~I1TH THE RESTRICTION L> D

r=I.2 •...•MRANGECELLS FOR TIME AVERAGE

RESTRICTIDNS
MINIMUI1 NO. OF ELEMENT PULSES IN PULSE GROUP: 2
MAXIMUM NO. OF ELEMENT PULSES IN PULSE GROUP: 13

NDTES--
l. The formulae above are given with respect to the way in which the X. y samples

are read from the buffer memory.

t. The Q registers of the APB, APN processors must be defined \'Jith the start

addresses of the buffer, result memOl'ies in the main program.

3. The LCRI register must be reloaded with the APBRS(15) register and the LCR2
register must be reloaded with the APBRS{14) register in the ma;n program.

4. The zero lag is not camputed in this algorithrn, therefore to calculate the

number of lags computed use the formula: N(N-l)/2 where N ;s the number

of element pulses in the pulse group.
START ADDRESS FOR PROGRAM: I

PROGRAM-MEMORY LOCATlONS USED: 1- 6
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[EKRO-PROGRAM FOR DIGITAL ~ORRELATOR I
AUTOR: TERRAIICE HO DATE: 6/8/80

PROGRAM NAM E: I1ULTI PULSE SUBROUTINE

FILE-NAME (NORD 10): PROG4:0P.TA

REGISTER NAME

SAR

APB RS(15}

APB RS(14)

APB RS(13)

APB RS(12)

REG ISTER ADDRESS

4

16,15

16,14

16,13

16,12

PARAMETER

START ADDPFSS OF SUBROUTINE

110. OF PULSES-l IN RAtIGECELL

NO. OF R~NGECELLS-l FOR TIME AVERAGE

RMIGECELL INCREMElIT (NORMALLY=I)

TE~:PORARY STORAGE

APB RS(I) 16,1 SM1PLE DISTANCE BETI~EEN 2nd LP.ST
AND 1st PULSE

APB RS(O) 16,0 SAIWLE DISTANCE BEHIEEN LAST AIID
1st PULSE

APM RS(15) 17,15 INCREMENT (=1)
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IMICRO-PROGRAM FOR DIGITAL CORRELATOR I

F-->RS(l~I'Q

F-+RS(l5)+Q

AUTOR: TERRANCE HO

PROGRAM NAME: MULTI PULSE SUBROUTINE

FILE-NAME (NORD 10): PR0G4:0ATA

PROGRAM DESCRI PTlON:

APB PROCESSOR

PC=l RS(l2)=F F->Q-RS(13)

PC=2 RS(l2)=F F->RS(13)+RS(l2)

PC=3 F~RS(l2)+RS(LCl)

PC=4 F->RS(l2)+RS(LCl)

PC=5 Q=F F-+RS(l2)+RS(LCl)

PC=6 00 NOTHING

START ADDRESS FOR PROGRAM:
PROGRAM- MEMORY LOCATIONS USEO:

DATE: 6/8/80

APM PROCESSOR

Q=F F->Q-RS(l5)

DO NDTHING

O=F

Q=F

DO NOTHJNG

00 NOTHlNG
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CORRELATOR SIMULATOR •••
PROGRAM NAME : MULTI PULSE SUSHOUTINE

CODII<G (IrHEGER) OF ~LrARATE CORRELATOR FUNCTIQNS

PROGRAM-INSTRUCTIDNS DEFII<ED
MEI'1-LQC. COND.CODE CODE-B CODE-A ADDR. LCl LCRIA LC2 LC3 RELOAD R-ADDR.

e 56 e 4 e e e e e e e
l 56 e 4 e 2 e 3 e e e
2 57 6 4 6 6 e e e e e
3 57 6 4 5 7 I e e e e
4 57 4 6 ~ 7 e e e e e
5 57 4 6 3 6 e e e e e
6 58 l 6 2 e e l e e o

ArB-INSTRUcTIO~S DEFINED
NEM-Loe. ALU-SOURCE ALU-FUWCTION ALU-OESTIN. A-AOOR. B-ADDR. SELECT

e 7 5 l e e o
l e l 3 13 12 o
2 l e 3 13 12 e
3 1 e l 12 o 1
4 l e 1 12 e l
5 1 e e 12 e 1
6 7 5 1 o e e

APM-INSTRUcTID.S OEF1NED
MEM-LOC. ALU-SOURCE ALU-FUNcTION ALU-DESTIN. A-ADDR. B-ADDR.

o 7 5 1 e o
l o 1 e 15 e
2 7 5 l o e
3 e o e 15 o
4 e e e 15 e
5 7 5 1 e e
6 7 5 1 e e

ARITHMlTIC/lL INSTRuCTIONS OEFINED
MEN-Loe. M1A MIU M2A ~28 M3A M3B M~A MqS SMl 5M2 SM3 SM4 M12 M34

e e o o o e o e o e o o e 15 15
l o e e o e o e o e e o e 15 15
2 o e l l l o o l 3 3 3 3 9 6
3 o o l l l o e l 2 2 2 2 9 6
~ o o l l 1 e e l 2 2 2 2 9 6
5 o e 1 l l e e 1 3 3 3 3 9 6
6 o o e e o e e e o e e o 15 15

ACCUMULATOR INSTRUCTIONS DEFINED
M[M-LOC. STRODE 110 WHITE READ CLEARl SETl CLE.AR2 SET2

e e o o o e e e
l l o e l e e o
2 l e o o e o o
3 l l l e e e o
4 l l 1 o e o o
5 l e e o e e o
6 l o o e e e o
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IMICRO-PROGRAM FOR DIGITAL CORRELATOR I
AUTOR: TERRANCE HO DAT E: 6/8/80

PROGRAM NAME: CROSS CORRELATION SUBROUTINE (NO OF LAGS .EQ. NO. OF SAMPLES)

FILE-NAME (NORD 10):PROG5:DATA

PROGRAM DESCRI PTION:

DATA CHANNEL 1
( .( N-L-l

Re[KL.~ =~ (Xi+(N+D-l)(r-l}X;+S+L+(N+D-l)(r-l)+ Y;+(N+D-l)(r-l)Yi+S+L+(N+D-l)(r-l»
;=0

DATA CHANNEL 2
r L N-L-l

Im:KL•r -~ (Xi+S+L+(N+D-l)(r-l)Yi+(N+D-l}(r-l)- X;+(N+D-l}(r-l)Yi+S+L+(N+D-l)(r-l}}
. . i =0

HHERE N=NO. OF SAMPLES IN RANGECELL
L=O,l,2, ... ,N-l

S=SAMPLE DIFFERENCE bcTWEEN THE TWO SETS OF DATA
D=OVERLAP FACTOR (=1 FOR NO OVERLAPPING AND~O FOR OVERLAPPING)
r=1.2 •...• MRANGECELLS FOR TIME AVERAGE

RESTRICTIONS
MINIMUM NO. OF SAMPLES IN RANGEDATA: 1

NOTES
l. The formulae above are given wlth respect to the way ;n which the X, Y samples

are read from the buffer memory.

2. The O registers of the APB, APM processors must be defined with the start

addresses of the buffer, result memories in the ma;n program.

3. The LCRl re~ister must be reloaded with the APBRS(15) register and the LCR2
register must be reloaded with the APBRS(14) register in the ma;n program.

4. 001y half of the correlation function can be obtained with this 5cheme.

5. The Single Pulse autocorrelation scheme (see PROG2:DATA) can be obtained

by setting APBRS(12)=0.
START ADDRESS FOR PROGRAM: 1

PROGRAM-MEMORY LOCATIONS USED: 1 - 3
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I/O INSTRUCTIONS DEFINEO
MEM-LOC. SETF CLEARF SELEcT HUF.AOOR. STROBE I-REG. ENABLE EDB ENAAL[ EA

O O O O O O O
1 O O O O O O
2 O O O O O O
3 O O O O O O
4 O O O O O O
5 O O O O O O
6 O O O O O O

OUTPUT-TRANSFER INSTRUcTIDrJS DEF HJED
MEM-LOC. TRArJSFER INHIBIT CLOCK OATA-READY TRANSFER-CODE SOURCE

O O O O O O
1 O O O O O
2 O O O O ·0
3 O O O O O
4 O O O O O
5 O O O O O
6 O O O O O
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IMICRO-PROGRAM FOR OIGITAL CORRELATOR I
AUTOR: TERRANCE HO DATE: 6/8/80

PROGRAM NAME: CROSS CORRELATION SUBROUTINE (NO. OF LAGS .EQ. NO. OF SAMPLES)
FILE-NAME (NORD lO): PROG5:0ATA

REGISTER NAME REGISTER ADDRESS PARAMETeR

SAR 4 START ADDRESS OF SUBROUTINE
APB RS(15) 16,15 NO. OF SAMPLES-I IN RANGECELL
APa RS(14) 16,14 NO. DF RANGECELLS-l FOR TIME AVERAGE
APa RS(13) 16,13 RANGECELL INCREMENT (=1 FOR NO OVER-

LAPPING OF RANGECELLS)
APa RS(12) 16,12 START ADDRESS OF 2nd FIELD-START

ADDRESS OF 1st FIELD
APB RS(11) 16,11 SAMPLE INCREMENT (NORMALLY=I)
APB RS(lO) 16,10 TEMPORARY STORAGE
APM RS(15) 17,15 RANGECELL INCREMENT (=NO. OF LAGS

CQt\PUTED)
APM RS(l4) 17,14 INCREHENT (= I)
APM RS(13) 17,13 TEMPORARY STORAGE
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IMICRO-PROGRAM FOR DIGITAL CORRELATOR I

AUTOR: TERRANCE HO DATE: 6/8/80

PROGRAM NAME: CROSS CORRELATlON SUBROUTlNE (NO. OF LAGS .EQ. NO. OF SAtWLES)

FILE-NAME (NORD 10): PROG5:0ATA

PROGRAM DESCRI PTION:

tlrTH) NG

F.... Q

F~RS(15)+Q

F-4RS(14)+Q

F.... RS(14)+RS(l3)

APM PROCESSOR

Q:F F-Q-RS(15)

00 ~OTHING

Q:F

RS(13) 'F

RS(13) ·F

00 '10TH l NG

APS PROCESSOR

PC:I Q:F HQ-RS(13)

PC:2 Q:F F~RS(13)+O

PC:3 RS(lO):F F...;RS(12)+Q

PC:4 RS(lO):F F-->RS(ll)+RS(lO)

PC:5 RS(IO):F F-RS(ll)+RS(lO)

PC:6 Q:F F-RS(ll)+Q

PC:] RS(IO):F F->RS(12)+Q

PC:8 DO NOTHING

START ADDRESS FOR PROGRAM:
PROGRAM- MEMORY LOCATIONS USED:
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CORRELATOR SIMULATOR •••
PROGRAM NAME: CROSS COHRELATION SUOROUTINE (NO. OF LAGS .Ea. NC

OF SI\/'lPLI::S.

CODING (INTEGER) OF SEPARATE CDRRELATOR FUNCTIQNS

PROGRAM-INSTRUcTIONS DEFINED
MU1-LOC. COND.CODE CODE_B CODE-A ADDR. LCI LCRIA LC2 LC3 RELOAD R-ADDR.

D 56 D 4 D D D D D D D
l 56 D 4 D 2 O 3 O O O
2 56 O 4 O D D D D D D
3 57 6 4 8 6 D D D O D
4 57 6 4 6 7 l D D D D
5 57 4 6 5 7 D O O D D
6 56 O 4 D O O O O D O
7 57 4 6 4 6 O O O D O
8 58 l 6 2 O D l D O O

APB-INSTRUcTIONS DEFINED
MEM-LOC. ALU-SDURCE ALU-FUNCTION ALU-DESTIN. A-ADDR. B-ADDR. SELECT

D 7 5 l O D D
l O l D 13 D O
2 O O D 13 D O
3 O O 3 12 lD O
4 l O 3 11 lD D
5 l O 3 11 10 O
6 O O O 11 D O
7 O D 3 12 10 O
8 7 5 l D O O

APM-INSTRUCTIONS DEFINED
MEM-Loe. ALU-SOURCE ALU-FUfKTION ALU-DESTIN. A-ADOR. B-ADqR.

O 7 5 l O O
l O l O 15 D
2 7 5 l O O
3 O O O 15 D
4 O O 3 14 13
5 l O 3 14 13
6 7 5 l O O
7 2 O l O O
8 7 5 l D O

ARITHMETICAL INSTRUCTIONS OEFINED
MEM-LOC. M1A HIS M2A M2B H3A M38 M4A M48 SM1 SM2 5M3 SN4 M12 r134

D O O O O D O O O O O D O 15 15
l O O O O O O O O O O D D 15 15
2 O O l l l O O l l l l l 9 6
3 O O l l l O O l 2 2 2 2 9 6
4 O O l l l O O l 2 2 2 2 9 6
5 D O l l l O O l 2 2 2 2 9 6
6 O O l l l D D l l l l l 9 6
7 O O l l l O O l 2 2 2 2 9 6
8 O O O O O O O O O O O O 15 15

ACCUMULATDR INsTRUCTIONS OEFINED
'MEM-Loe. STi-\OBE I/D WRITE READ CLEARl 5ETl CLEAR2 SET2

O D O O O O D O
l l O O l O O O
2 l O O O O O O
3 l l l l O O O
4 l l l O O O O
5 l l l O O O O
6 l O O O O O O
7 l l l O l O O
8 l O O O O O D
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I/O INSTRUCTIOIJS OEFINED
MEM-Loe. SElF CLEARF sELECT BUF.AODR. STROOE I-REG. ENABLE EDB ENAOLE EAG

O O O O O O O
1 O O O O O O
2 O O O O O O
3 O O O O O O
4 O O O O O O
S O O O O O O

" O O O O O O
7 O O O O O O
8 O O O O O O

OUTPUT-TRANSFER I1,STRUcTIOIJS DEFl "ED
MEM-Loe. TRJ\I>JSFER INHIOIT CLOCK DATA-READY TRA"SFER-CODE saURCE

O O O O O O
1 O O O O O
2 O O O O O
3 O O O O O
4 O O O O O
S O O O O O

" O O O O O
7 O O O O O
8 O O O O O
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IMICRO-PROGRAM FOR DIGITAL CORRELATOR I
AUTOR: TERRANCE HO

PROGRAM NAME: TRANSFER PROGRAM
FILE-NAME (NORD 10): PROG27:DATA

PROGRAM DESCRI PTlON:

DATE: 6/8/80

The Transfer program enables the transfer of the 64 BIT words of the correlator
result memory as 4x16 BIT words to the NORD 10 camputer. The way in which the 64 BIT

words are split up and the order ;n which they are transferred are:

TRANS FE RRE D Is t

TRANSFERRED 2nd
TRANSFERREO 3rd
TRANSFERRED 4th

MOST SIGNIFICANT BITS
LeAST SIGNIFICANT BITS
MOST SIGNIFICANT BITS
LEAST SIGNIFICANT BITS

DATA CHANNEL I
OATA CHANNEL I
DATA CHANNEL 2
DATA CHANNEL 2

The STATUS and CONTROL words of the correlator are transferred out befare the
data to the NORD 10 camputer. The transfer of these two words are set in the
program and must not be included in the parameter for the number of 64 BIT words

for Dt1A transfer.

START ADDRESS FOR PROGRAM: 32
PROGRAM- MEMORY LOCATIONS USED: 32 - 44
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IMICRO-PROGRAM FOR DIGITAL CORRELATOR I
AUTOR: TERRANCE HO DATE: 6/8/80

PROGRAM NAM E: TRANSFER PROGRAM
FILE-NAME (NORD 10): PROG27:DATA

REG ISTER NAME

DATAl REGISTER, AP8
APt~ RS(O)

REG ISTER ADDRESS PARAMETER

6 NO. OF 64 BIT WO ROS FOR DMA TRANSFER
17,0 INCREMENT (=1)
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IMICRO-PROGRAM FOR DIGITAL CORRELATOR I
AUTOR: TERRANCE HO

PROGRAM NAME: TRANSFER PROGRAM
FILE-NAME (NORD 10): PROG27:DATA

PROGRAM DESCRI PTION:

DATE: 6/8/80

APM PROCESSOR

PC=32
PC=33
PC=34
PC=35
PC=36
PC=37
PC=38
PC=39
PC=40
PC=41
PC=42
PC=43
PC=44

APB PROCESSOR

F-->DATAI
DO NOTHING
DO NOTHING
DO NOTHING
DO NDTHING
DO NOTHING
DO NOTHING
DO NOTHING
DO NDTHING
DO NOTHING
DO NOTHING
DO NOTHING
DO NOTHING

DO NOTHING
DO NOTHING
DO NOTHING

Q=F
Q=F
Q=F

DO NOTHING
DO NOTHING
DO NOTHING
DO NDTHING

F->DATAI .AND. O
F-->Q-RS(O)
F->RS(O)+Q
F->Q
F->Q
F->Q

START ADDRESS FOR PROGRAM:
PROGRAM- MEMORY LOCATIONS USED:
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CQHRELATOH SIMuLATOR •••
PROGRAM NAME : TRAI~SF[H PkOGRhM WITH STATUS AND C01JTROL WORQS

X-FERREO

COOING ( rrH[GEf~ I OF SEPI\HflTE COHf{ELf,rOH FU~JCTIONS

PROGRAM-r;JSTKUCTIONS DEFP.[O
~lEM-LOC • COND.CODE COfJE-D CODE-A ADOH. LCl LCH1A LC2 LC3 RELOA" R-ADDR.

O 56 O 4 O O O O O O O
32 56 O 4 O O O O O l 20
33 56 " 4 O O C C O O "34 5& O 4 O O O O " O O
35 50 " 4 O U (1 " O U U
36 56 O Il O O O " 2 O O
37 56 O 4 O O O O l G O
38 56 O 4 " D O U G O O
39 56 O 4 G O O O O U il
40 60 U 5 " O O u " O O
41 56 O 4 O O O u O U "42 56 O 4 G " O U O O O
43 5" O 4 11 O O O O U O
44 56 O b O " O O O " O

APH-INSTHUCTIU~~ uEF I r'~u,

M[M-LOC. ALU-SUURCE .\LU-FU!\lCTI01J ,'1LLJ-Ur.:ST l.J • ;\-(IDllH. U-fluUR. SELECT
O 7 5 I O U O

32 7 O I O O O
33 7 5 l U O O
34 7 ~ I O " O
35 7 5 l O O O
36 7 , I U O O
37 7 5 l ,) " O
00 7 5 l ) O O
39 7 5 l ., U C
40 7 5 l ,J U O
41 7 5 I " " O
'2 7 " l il D C
43 7 , j ., O O
44 7 " I L' O O

API"I- HJSTHLJCT IU;JS lirF l il<LLJ
f'(f1-LlK. ALU-SOUtiC( I\LLJ-FlIl~Cl IOI'~ flLU-DLST l!J. !\-flOUrL l1-l\u.:.:.H.

O 7 , I O O
32 7 5 l O "33 7 , j O O
34 7 5 l il O
35 7 ,

l' G il
36 " l U U O
37 U " " U "36 C U l C "39 " J I U O
4,) " U I O O
41 7 " l O C
42 7 " l U O
'3 7 o l J O
44 7 " l U O
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ARITHMETrCflL IfIJSTHU( TI 01\1$ GEF I iJED
MEM-lOC. M1A MlU ~12A M20 "3~ M3B 1'14A (-,4n Sj-Il 5M2 Sr'J3 S,1l.j j-112 t134

O O O O O O O O O O O O O 15 15
32 O O O O O O O O O O U O l:> 15
33 O O O O O O O [> O O O O 15 15
34 O O O O O C O U O O O il 15 15
35 O O O O O O n u O O O O 15 15
3& O O O O O O U O O O O O 15 1537 O O O O O O o O n O O O 15 15
38 O O O O O O O O O O O O 15 15
39 O O O O [I il O O o O O C 15 15
40 O O O O O O O u O O O O 15 15
41 O O O O O O O " O O O O 15 15
42 o O O O O O O u O O o O 15 15
43 O O O O O O O o il il o O 15 1544 O O O O il O O O O O Il o 15 15

ACCUMULArOH 1 rJSTRUC T IOrJS D[F rrJ[O
MEM-lOC. STRODE I/O WRITE "lAU ClE~R1 ~ET l ClEAH2 SU2

O O O O o u O U
32 O O O O " 1 O
33 O u O O O O "34 O O O O o O il
35 O O O o c O J
36 O O U O n O O
37 O ;) O o o O U
38 O O O O u n O
39 O O n O u O U
40 O O O O V O O
41 O O O O o O O
42 O O O n (I O O
43 O ;) u ;) u u O
44 O O O U O O O

110 INSTRucTrOHS UEFI~[U

M[M-lOC. SETF CLURF sELEcT BUF.40DH. STROJ]E I-HlG. EIJARLE roo ENADLE E~
O O O O " O O

32 O O n O u O
33 O O il U O O
34 O O O U U O
35 O O O O O O
3e O O O U U O
37 O O O o u O
38 O o n " O O
39 " u ,; ,; O ;)
40 O O (1 " U O
'>1 il O " [, ,; "'+2 O O n O O O
43 O O o O O O
44 O O o O O O

OUTPuT -TRMISFEH IdSHtUC T1fJrJS OLF I'Je!)
M[M-LQC. THI\i\JSrER II'JHldl T (LOe" lJATI\-H[f\UY TH /I r ISFE H-CODE SOURCl:.

O O u u J O
32 O il O " U
33 O O II ;) O
3. l O O u O
35 1 1 1 O O
36 1 1 1 l O
37 l l l 3 O
36 1 l J <' C
39 l l l , U
40 1 l , 4 u
4'l 1 ,.

" U O
.2 : " v v
43 l " u u O
44 1

"
G {;
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IMICRO-PROGRAM FOR DIGITAL CORRELATOR I
AU ro R: TERRANCE HO DATE: 6/8/80

PROGRAM NAME: POWER PROFILE (VER.I) OR SINGLE PULSE OR CROSS CORRELATION

FILE-NAME (NORD 10): GPI;DATA

PROGRAM DESCRIPTION:

POI~ER PROFILE

DATA CHAI<NEL 1 ZERO LAG ESTIMATlON

DATA CHANNLL 2 MEAN VALUE ESTIMATlON

N-I 2 2
Kr =~(Xi+(N+D-I)(r-I)+ Yi+(N+D-I)(r-I»

;=0

N-I

Mr =~(Xi+(N+D-I)(r-I)+ Y;+(N+D-I)(r-I»
i=O

WHERE N· NO, OF SAflPLES IN RANGECELL

C OVFRLAP FACTOR (=1 FOR NO OVERLAPPING AND.,O FOR OVERLAPPING)

r=I.2, ...•M RANGECELLS FOR TII·IE AVERAGE

SINGLE PULSE

OATA CHANiIEL 1
( • N-L-l

Re {L, rj =~ (Xi+(N+D_I)( r-l)\+L+(N+D-I) (r-I) + yi+(N+D-I)( r-I) yi+L+(N+D-I )(r-l)
i=O

DATA CHMmEL 2
r - N.=l:.1

Im'KL•r ' LC- (X i +L+(N+D-I)(r-I)Y i +(N+D-I)(r-I)- X;+(N+D-l)(r-I)Yi+L+(N+D-I)(r-I»
.. 1=0

WHFPE 1,0'.0. DF SAr1PLES IN RANGECELL

L-O ••• 2 ..... P P';;N-I

D· \ERLAP FACTO R (=1 FOR NO OVERLAPPING AND"O FOR OVERLAPPING)

1.2 •...• 1·: RANGECELLS FOR TII·IE AVERAGE

START ADDRESS FOR PROGRAM: 1

PROGRAM- MEMORY LOCATIONS USED: 1 - 26. 32 - 44
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IMICRO-PROGRAM FOR DIGITAL CORRELATOR I
AU IOR: TERRANCE HO DATE: 6/8/80

PROGRAM NAME: POWER PROFILE (VER.I) OR SINGLE PULSE OR CROSS CORRELATION

FILE-NAME (NORD 10): GPI:OATA

PROGRAM DESCRIPTION:

CROSS CORRELATION

DATA CHANNEL 1
( '\ N-L-I

Re [KL, rJ =L. (Xi +( N+O 1)(r-I)X i +S+L+( N+O-I )(r-I) + y i+( N+O-l) (r-l)y i+S+L+( N+O-I) (r-I))
1=0

DATA CHANNEL 2
r 1N-L-I

ImlKL,r =~ (Xi+S+L+(N+D-I)(r-I)Y;+(N+D-I)(r-I)- X;+(N+D-l)(r-I)Yi+S+L+(N+D-l)(r-l))
.J ; =0

WHERE N=NO. OF SAMPLES IN RANGECELL

L=O,l.2 •...• P P~N-l

S=SAtlPLE DIFFERENCE BET'.EEN THE TWO SETS OF DATA

D=OVERLAP FACTOR (=1 FOR NO OVERLAPPING AND~D FOR OVERLAPPING)

r=I ,c, ... ,fl RANGECELLS FOR TIME AVERAGE

RESTRICTIONS

POfIER PROFILE: MINII-lUI'l NO. OF SAMPLES IN RANGEDATA: 1

SINGLe PULSE. ImlI:~UM NO. OF SAfIPLES IN RANGEOATA: 1

:m'I:'IUI~ NO. OF LAGS IN RANGEDATA: 2

CROSS CORRELATION: MINIMUM NO. OF SAMPLES IN RANGEDATA: 1

MINIMUM NO. OF LAGS IN RANGEDATA: 2

START AODRESS FOR PROGRAM:
PROGRAM- ~ EMORY LOCATIONS USED:
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IMI[RO-PROGRM~ FOR OIGITAL [ORRELATOR

AU TO R: TERRANCE HO OATE: 6/8/80

PROGRAM NAME: POWER PROFILE (VER.l) OR SINGLE PULSE OR CROSS CORRELATlON

FILE-NAME (NORD 10): GPl:DATA

PROGRAM DESCRI PTI ON:

NOTES--
l. This program assumes that the start addresses of the buffer and result

memories are zera.

2. The number of start camputes counted is placed after the last data sample in

the result memory. Therefore the real and imaginary parts of this location

\'Ii11 contain the number of start computes counted as a negativ-e number.
3. The location for the number of start computes counted ffilJst be included ;n the

number of 64 BIT words for the DMA transfer, ie total number samples computed+l
(for number of start camputes counted).

4. The Status and Contral words are transferred out befare the data to the computer.
5. With the Cross Correlation program only half of the correlation function can

be obtained.

6. The data, no;se and calibration samples may be computed in any order, eg for

a given experiment data may be computed 1st. then noise 2nd and then calibration

3rd or noise 1st, data 2nd and calibration 3rd etc.

7. All X. y samples must be placed contiguously in the buffer memory and all samples

are \'1rltten contiguously in the result memory.

8. In this scheme only one routine may be chosen for a particular experiment.

HUW TO GET THE RDUTINES

POI-IER PRDFILE: DEFINE APBRS(13)=D

SIIlGLE PULSE: DEFINE APBRS(ll)=O

CROSS CDRRELATION: DEFINE APBRS(13),0 AND APBRS(ll),D

START AODRESS FOR PROGRAM:
PROGRAM- MEMORY LOCATlONS USED:
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IMICRO-PROGRAM FOR DIGITAL CORRELATOR I

AUTOR: TERRANCE HO DATE: 6/8/80

PROGRAM NAME: POflER PROFILE (VER.I) OR SINGLE PULSE OR CROSS CORRELATlON
FILE-NAME (NORD 10): GPI:DATA

PROGRAM DESCRI PTION:

EXECUTION TIMES FOR PROGRAMS

PDflER PROFILE: (28+2(RI+R2+R3))xO.1666667 usee N=I

SINGLE PULSE AND CROSS CORRELATIDN:

(22+ (2N+( L(I-L) /2) +N (L -I )+1)( RI+R2+R3))xO. 1666667 usee N;;, 2, L:;, 2

flHERE N=ND. OF SAMPLES IN RANGECELL
L=NO. OF LAGS IN RANGECELL
RI ,R2,R3 =NO. OF RANGECELLS FOR DATA, NOISE AND CALI8RATIDN

START ADDRESS FOR PROGRAM:
PROGRAM- MEMORY LOCATlONS USED:
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IMICRO-PROGRAM FOR DIGITAL CORRELATOR I
AU TOR: TERRANCE HO DATE: 6/8/80

PROGRAM NAME: POWER PROFILE (VER.l) OR SINGLE PULSE OR CROSS CORRELATION
FILE-NAME (NORD 10): GP1:OATA

REG ISTER NAME

SAR
OATAI REGISTER, APB
APB RS(15)

APB RS(14)

APB RS(13)

APB RS(l2)

APB RS(I1)

APB RS(lO)
APB RS(9)
APB RS(8)

APB RS(?)

API1 RS(l5)

API1 RS(14)
APM RS(l3)
API1 RS (O)

REG ISTER ADDRESS

4
6

16,15

16,14

16,13

16,12

16,11

16,10
16,9
16,8

16,7

17.15

17,14
17 ,13
17,0

PARAMETER

START ADDRESS OF PROGRAM
NO. OF 64 lIT WORDS FOR DMA TRANSFER
NO. OF SAMPLES-l IN RANGECELL (DATA
AND N01SE AND CALIBRATION)
NO. OF RANGECELLS-l FOR TIME AVERAGE
(DATA OR NOISE OR CALIBRATION)
COMPUTED Ist
NO. OF LAGS-l IN RAllGECELL (DATA
AND NOISE AND CALIBRATION)
RANGECELL lNCREMENT (=1 FOR NO OVER­
LAPPING OF RANGECELLS)
START ADDRESS OF 2nd FIELD- START
ADDRESS OF 1st FIELD
SAMPLE INCREMENT (NORMALLY=l)
TEMPORARY STORAGE
NO. or RANGECELLS-l FOR TII1E AVERAGE
(DATA OR NOlSE OR CALIBRATION)
COMPUTED 2nd
NO. OF RANGErFLLS-l FOR TIME AVERAGE
(DATA OR NOISL OR CALlBRATION)
CO:'PUTED 3rd
RANGECELL l~rREf'.:1T ( ~,O. OF LAGS
COMPUTED)
INCREMENT (=11
TEMPORARY STORAGE
lNCREI1ENT FOR TRANSFER PROGRAfl (=1)
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COI~HELATOR $INlJLJ\H.H ...
PROGRAM NA:'1E : PO"':Ei~ PhuFILE. (IiU{.l) OH SIIlGLE l-'uL5E Jr~ CROSS

COI{ftELATION P~OGRA~

CaOING (HJTEGEI< l OF SEPt,HATE CO~I{ELATurl FU~ICT I aNS

PROGR I\r-I- I NS THU CT I Or IS UEF! :,EO
MEr'-LOC. CONO,COOE CODE-O CuOE-A r,unR. LCl LCIUA lC2 leJ HELDAD R-AOOk,

O 5& O 4 O O O O O O O
l 5& O 4 O O U O O 1 10
2 5& O 4 O O O O O O O
3 5& O 4 O O O O O 1 19
4 SE> O 4 O O O O O O O
5 5& O 4 O O O O O l 20
& 5& " 10 13 U O O O O U
7 5& O 4 O O O O O l 19
8 5& O 10 13 O O O O O O
9 SE> O 4 1I G O U O 1 19

10 5& O 10 13 O O O O O O
11 5& O 4 O O G O O O O
12 5& O & Q O O O O O O
13 SE> O 4 O 2 O 3 2 O O
14 &0 6 4 21 U O O O O O
15 61 ,

4 20 l O U 1 O Oo
lb &1 & 4 18 l l O l O O
17 bl 4 6 17 l O J l O O
18 5& O 4 O 3 O O 2 [I O
13 57 4 6 lh b O O l J O
20 58 l b 14 2 O l 2 O O
21 56 O 4 O 2 O 3 O O O
22 57 o 4 2" l O O a O O
23 57 6 4 25 l O o J O O
24 57 .. 6 24 1 O ,J O li O
25 56 O 4 O O O o O O O
26 ,,, l & <::2 2 o l U O O
32 56 o 4 O O O O O l 20
33 56 o 4 o o o O o o o
34 56 O 4 O o O o O o o
35 56 o 4 O O Q O J O O
3b 56 O 8 O O O O 2 o O
37 56 O 4 O o O U l O O
38 56 U 4 O O O O U O J
39 56 " 4 O G O u o O O
40 60 ,) , O O O o 0 ~ O
41 56 il 4 o O O J O O O
42 50 u 4 O U O u O O o
43 u ,l 4 a D a O O ~ O00
44 56 ·l " o ,] u O O O O
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AP~- INS TIWCT IOllS DEF II\JE(J
MEr~-LOC • ALU-SOURCE ALU-FlJr~CT lOr~ I\LU-LEST Iil. I\-ADDK. O-AOOR. SELEcT

O 7 5 1 O O O
1 4 O 1 15 O O
2 7 5 1 O O O
3 4 O 1 14 O O
4 7 5 1 O O O
5 4 O 1 U C O
6 7 5 G O O O
7 4 O 1 " O O
8 O O O 10 O O
9 4 O 1 7 O O

10 O O ,1 1u O O
11 O O O 1U O O
12 7 ,; 1 U O O
13 O 1 O 12 O O
14 O O U 12 O O
15 O O ;; 11 9 O
16 1 U 3 10 9 O
17 1 U 3 10 9 O
18 O O O 10 O O
19 O O 3 11 9 O
20 7 ,; 1 O O O
21 O 1 O 12 O O
22 O O " 12 O O
23 2 Il 1 O O O
24 O O U 10 il O
25 O O

"
10 O O

26 7 5 l O O O
32 7 O 1 O O O
33 7 5 l O O O
34 7 :; l O O O
35 7 5 1 O O O
36 7

'" 1 J U O
37 7 '" 1 O O O
30 7 5 l " O C
39 7 , l lj /J U
40 7

'" 1 O O G
41 7 o t U O O
42 7 " 1 J O O
43 7 Ö l O O O
44 7 ,; 1 ~ O O
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APM-rNSTRUCTIO~JS OEF lf~EO

MEN-Lee. ALU-SOURCE ALU-FUI\lcTIOfJ ALU-DEST Hl. A-J~DOR • 8-ADDR.
o 7 5 l o o
l 7 5 l o e
2 7 5 l C o
3 7 5 l o o.. 7 5 l o o
5 7 5 1 e o
6 7 5 o o o
7 7 5 1 o o
8 o o o 15 o
9 7 5 1 o o

10 O o O 15 O
11 O o o 15 Q
12 7 5 l O o
13 o 1 O 15 O
14 7 5 1 C v
15 o o V 15 O
l. " o 3 14 13
17 l

"
3 " 13

18 7 5 1 o o
19 2 J l U O
20 7 5 l U o
21 7 5 l l! O
22 o O " 15 o
23 7 5 l o o
24 7 5 l o o
25 2 J l o Il
26 7 5 1 o O
32 7 , l U D
33 7 5 l o o
34 7 5 l o o
35 7 o Il o o
36 o l ,) U o
37 • " L o G,.,

~ l 1 U "'o " 'J
, o u" -

40 2 O 1 O O
41 7 :; .

" G•
42 7 " l O C
43 7 , 1 o o
44 7 S 1 O J
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ARITHMETrCf\L IrJSTKUCTIONS lJEFH~[D
HEM-LOC. r'11A M1" M2' 1'12B t-13A f"13U ~14A h4B S~'11 5M2 S""3 S 1'1 'I- [112 r134

O O O O O O O O O O O O O 15 15
1 O O O O O O O O O O O O 15 15
2 O O O O O O O O O O U G 15 15
3 O O O O O O O O O O O O 15 15
4 O G O O O O O G O O O O 15 15
5 O O O O O O O a O O G o '" 15
6 O o o O O O O O o o o o 15 15
7 o o o O o O O G 0 o O o 15 15
8 O O O O o o o o O o O O 15 is
9 o o o O o o o c O o u o 15 15

10 O O O a O G o O O O o o 15 15
11 O O O O o o J O O O U J 12 12
12 O O O O C O a O J o C J lo 15
13 O O O O O O O O O O O O 15 15
14 O O 1 l 1 O o 1 l 1 1 l 9 6
15 u O l 1 1 G O 1 2 2 2 ? 9 6
16 O O 1 1 1 o o 1 2 2 2 2 9 6
17 O O 1 1 1 o o 1 2 2 2 2 9 c
18 O O 1 1 1 O o 1 1 1 1 l 9 6
19 O O 1 l l O o 1 2 2 " 2 9 6
20 O O O o O o O O " II O " 15 15
21 O O O O O o U G O O O O 15 15
22 O O 1 1 4 D " 1 3 3 3 3 9 9
23 O O O O o c o ,1 3 5 3 3 6 6
24 O O 1 1 4 O 4 l 3 3 3 3 9 9
25 O O 1 1 4 o 4 1 5 3 5 3 9 9
26 O O O O O O O o u O o O '" 15
32 O O O O u o u O O O O O 15 15
33 o O o J " r o o o o u :) 15 15
54 O O o o o O O o o O o O 15 15
35 a o o J o O ,) O o O () o l~ 15
36 o O o o o u O O O O O O 15 15
37 o J O o o O o o o o o ,J 15 15
30 O O O o o O O O o O J O 15 1~
39 O O O o O O U O O Il O o 15 15
40 O O O O o O o G 0 " o O '" lO
41 o O O o " O 'J O O O O O 15 15
42 O O O a O O o O O U O u 15 15
43 o o o J o o J O u o v o 15 15
44 O O O O O o u " O O O o 15 15
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1\CCUMULATOR. INSTRUCTIOIJS llEFlr~t:D

MEr1-LOC. STROBE l/O WRITE REAO CLEARl $[T1 CLCAf{2 5[T2
O O O O O O O O
l l O O O O O O
2 l O O O O O O
3 l O O O U O O
4 l O O O O O O
5 l O O O O O O
6 l O O O O O O
7 l O O O O O O
8 l U O O O O O
9 l O O O O O O

lu l O O O O O O
11 l l l l O O ,J
12 l O O U " Il l
13 l O O l O O U
14 l O O O O O O
15 l l l l O O O
16 l l l Il U O O
17 l l l O U O O
18 l O O O O U J
19 l l l O l a O
20 l O O O U O u
21 l O U l ( O a
22 l l l G " O u
23 l O O O O O O
24 l O O O O O o
25 l l O u " O O
26 l u O u " D U
32 O o n p u l o)
3.1 O o O ,) U o a
34 O C u O " ry J
30 o o o o fl U o
3. U U U " " O J
37 " U ry " \i C "38 u o o o ,. o o
39 O o O o o O O
40 o o o o o o n
41 G O O o c O o
42 O o o O o O C
43 o O o " L O "44 O o o u U U J
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l/O HJSTRUCT 1001:-;' OEF I r,IED
MEf1-LOC. SElF CLEARF sELEO UUF.IIUI1H. ~; THOil[ I-HEG. GI."nLE EU;"j L1Jf\CLE. EAJ

O O O U O O O
1 O O O D O O
2 O O O O O O
3 O O U O O "4 O O o] U O O
5 O O O O " O
6 O O O O O O
7 O U O O O U
8 O O O o] O O
9 O O O O O O

10 O O O O O O
11 O O O O O O
12 O O n o O O
13 O O O O O O
14 O O O O O O
15 O O O O o] O
16 O o O O O O
17 O O fl O O O
18 O O O O O O
19 O O O O O O
20 O O O O O O
21 O O ,1 o O O
22 O O O O O U
23 o O O O O O
24 O O O O O O
25 O O o O O O
26 O O " O O O
32 O O u G O o
33 O O l' o O o
34 O >J n O O n
35 D o " U " O
30 U Il l' C O >J
37 O o] ( u U G
38 " o l' o U ou

39 o O l' O " O
40 o o]

" O O O
41 O O 1\ O O O
42 O O o O O O
43 o O C D U O
44 o O u O o U
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OUTPUT-TRANSFER II'lSTRUCTIOiJS OEF I ~JEO
MEM-LOC. TRANSFER INflIBI T CLOCK lJATII-READY THA,JSFEK-CDUl SOURCE

O O " " O O
1 O O O O O
2 O J " U O
3 O J O U O
4 O J U O O
5 O O n O O
6 O o " u O
7 O u O O O
8 O U U O O
9 O O u O O

10 O C o J O
11 O O O O O
12 O O O O O
13 O L1 O O O
14 O O U " O
15 O J O O O
16 O C C O O
17 O O D O O
18 O O u O O
19 O O O O O
20 O " G O O
21 O J u U O
22 O o u O O
23 O O (J U O
24 O O " U O
25 O u O O O
<6 O J " u O
32 O 11 ,1 O O
33 U ,l u U O
34 l " J O .-,- u
35 l l l O O
36 l 1 l l O
37 l l l 3 O
~a l l J 2 O
39 1 1 1 , U
40 l l l 4 O
41 l " ;, u u
42 l (J u u O
43 l l' u O "44 l ,- ., O O
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