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':DIGITAL DATA ACQUISITION QYSTEM FOR 3 SITE
INTERPLANETARY SCINTILLATION PROJECT

“A.D. Bobra, C.K. Vlswanathan Acharl & H.T. Ali
‘Physical Research Laboratory \
Ahmedabad-~-380009 B

ABSTRACT

We present here details of the dlgltal data L
acqulsltlon systeml’2 developed and 1nstalled-atveech of
the three-field sites (viz. Thaltej, Rajkot and Surat) of

the Interplanetary Scintillation (IPS),project,‘gThe 'SIN®
and 'COS' outputs of the correlation receiver together
with the sc1ntlllometer output are recorded on a strip
chart for estlmatlng 501nt111at1On index and also for '
monitoring purpose. The same data are converted 1nto
digital form and simultaneously recordedwon a digital:
magnetic tape along with Indian Standard Time (IST) and
eystem status information for facilitating further proces-

sing and analysis.

Ihtroduotion:

First a simple data acquisition system (DAS)
capable of recording only a single receiver output,

either 'cog! OR 'SIN'1'2

was developed. This system
was redesigned, keeping in mind that the system should

be simple in Ooperation. The two field stations viz.



Rajkot ang Surat are situateqd within the respective Univer-
sity Complexes, From the_Z to 3 years of operation Of the
DAS system at Thaltej, we concluded that; (1) maximum of

about 250 Sources might be of interest; (1i) the sampling

20 Hz; ang (1ii) the A/D converter shoulg be of high resolu-
tion (12 bit), These points were the basis of the modifieqd

DAS design.

The block diagram of the modified DAS ig shown in

Fig, 1. 1he system is divideg into'thé-foilowing Subw

systeméz
i) Hex encoder -
(ii) . Memory Register,':i ._Q s
(iii)ﬁ . ng‘copﬁroller .
(iv) A/D con&erter
(v) DPata multiplexer
(vi) Pertec controller & Interface, and
C(vii) Clocks

' Various ihpﬁt andibutpuﬁ signals in these sub-"

sy stems are shown in,Fig.VZ.



HEX ENCODEB

Y

This sub-system shown in Fig. 3, provides the
necessary decoded data from the HEX key board to the memory
circuit for storing the information in the RAM - in the
MANUAL/WR ITE/NOT MODIFY/NOT RUN mode (WRITE MODE). 1In AUTY/
READ/NOT MODIFY/RUN mode (RUN MODE) the HEX encoder provides

data for scanning the RAM address at the rate of 100 Hz.

In thevWRITE‘mode the 8 bit address of RAM is
selected using a HEX Encoder,.4 bits at a time. For this
purpése, the data select inputs of 16~input multiplexer
74150, are connected to the 4-bit output of a Binary_
Counter 74193. The clock to the Binary counter is disabled
when the HEX-key (which is pressed) is selected by the
. multiplexer. The 4-bit éutput of the Binary counter is
then latched in 4-bit latch 7475. When the next key is
pressed, the second latch is éctivated, Thus, the 8-bit
address is selected. These 8 bits are then loaded on to
the outputs of two Binary counters 74193 using parallel
load facility. This is done by pressing a LOAD switch
on the front panel. These are then decoded and displayed
on the front panel. These addresses are connected to the

memory through open collector buffer 7417.



In the RUN mode the binary counter input is 100 Hz
IST. This input is Present only when the froﬁfnﬁéﬁéiw
Switches are in accordance With the RUN mode. 1hig €nables

the memory address +o change at the Tate of 100 Hz,

MEMORY REGISTER

This Sub-systen shown in Fig. 4, stores the 40~bit
Source information for maximum of 256 radid Sources. The
f sburce.information includes SDT“ON time, gpo OFF time, BEAM
CODE (Table—l) , LOW FREQUENCY A‘TTENUATION (Lp ATT.) and ON

BIT. Radio‘sources are given codes from'OOH‘to-FFH. These

are nothing but the memory addresses. The information for

(HP 5082-7391 and Hp 5082-7395) on the front Panel to dis_

bPlay the stored'informatibn° The flexibility in Selecting

HéVing vVery close transit times., The ON~BIT selection
provides.flexibility, to the Observer, +o select ‘the

prdgram °n daily, weekly or monthiy basisgs,



4-bit shift~register,7495wu5ing"parailel-in, parallel—out:
mode. The hours and minutes output of thlS latch (16 blts)
-are connected to 2 sets of B- 1nputs of 4 4 bit magnltude .

comparators 7485, one for. the ON‘tlmc comparlson and another

for the OFF time comparison.

In RUN MODE the RAM is scanned at the rate.of 100 Hz.
This means the output of the RAM is avallable for comparlson
and display to the circuit for 10 mllllseconds. The SDE- ON
time of hours & minutes (16 blts) are connected to- the 1nput

A of the ON time nagnltude comparator.

When the actual SDT time is equal to the. stored SDT
ON tlme the scanning of RAM is disabled and the data. are
dlsplayed, This comparator output is fed to the. present.
input- of D-Flip flop (D B/F) 7474 via a 2-input OR.gate 7432.
The other: 1nput of the OR gate is connected to a microswitch
for manual start through a debounc1ng circuit. The D F/F
output ls ON output and is connected to a 2- 1nput NAND gate
7400, the other 1nput belng from the ON;BIT Thus, the
system ON'and ON outputs are avallable only.and only when
the ON~BIT is loglcal ONE Thc ON and ON control the !
system operatlon, A samllar C1rcu1t is used for OFF time -

comparlson and control



Once the data are entered in the WRITE mode. the'M
ON’blt can be modlfled uslng a . MODIFY MODE, TIn this mode:
the control switches should be in MAN./ WRITE / MOD / NOT
RUN p031tlon.- Thls enables only. the ON BIT to change

, keeplng the other 1nformatlon 1ntaot

- MUX CONTROLLER

ThlS sub~-system generates all the control pulsges
required for analog signal pr0ee551ng ‘and digital data
:recordlng. Fig, 5 shows the system diagram and Fig. 6

shows the various control pulses generated,

5 The 1 kHz I&T clock is connected-to a’ monoshot
74121 h6 to stretch the pulse, and used as a clock to’
serial Shlft registers 74164, These 74164 are enabled by
the ON Slgnal recelved from the D F/F 7475 D4. The input -
to this B/F 1s derived from IST 1-minute pulse, and the
ON signal from memory  register subsystem. The 20 Hz
signal derlved from IsT is- aVallable and used as a clock
to Dual JK F/F 7473 - The output of thls F/F along with

1 kHz s1gnal obtelned from AND' gate 7408 1s connected to-

another AND gate whose output is used as a clock to the : +:

_next JK P/F 7473 ThlS circuit enables only one pulse. of

1 kHz to pass through during one cycle of 20 Hz ‘This



output is again connected to a monoshot Cl 74121.

\

. The output of this monoshot is coﬁnected as an
input to a serial shift register. This pulse is th;n
shifted serially at 1 kHz rafe and various outputs suchf
as RESET, SAMPLE AND HOLD (S & H), ANALOG MU‘LTIIPLEXER
(MﬁX A/MUX B), SELECT BYTES OfISIN AND COS,_etc. are

generated.

The Byte selection outputs are also connected to
a NAND gate 7440 after inversion using 74Q4., This is
theh;ANDED with the FEN input availabygffrpm Pertec
Controller. This is the ANS STROBE for the Qertec

controller,

The c¢ount input received from the Pertec controller

is connected to the input of the Binary counters 7493
connected in cascade. The 7-bit output is the address of

a éyStem status multiplexef (SYSmMUX) and Connecteda£o the
data multiplexer subsystem. The time-up-date for record-
ing‘the system status is,modified only at the falling

redge of the most slgnlflcant bit of the SYS-MUX address.
This 1s achleved using one JK F/F B6 7473 and an AND

gate 7408,



2/D_converrer

MUX~CONTROLLER sub-system,

These Signals are sampled by the s & H control pulse after
it is stretcheq by the monoshot B6 74123, The outputg of

the 0023¢c are Connected to an analog multiplexer (ANA -MUX)

JK F/F wiréd in a toggle mode. ‘The 0 outbué of this F/F .
is connected:to the select input of the AN’A-—MUX° The
output of‘the AN@QMUX is COnnected‘to Ehe inp@t of an A/Dp
converter (A/D ) Eﬁ12Bl, through a uﬁityvgain buffer using

an Op.Amp, 7471 . The<MUX—A;.MUX;B‘ORed output ig also



of.thé A/D C are coﬁﬂecteditb a tri state logié (TSL)I
circuit 8197. rThe six oﬁtputs of éaéh TSI, are connected
,together.vwihis énables té get bnly a 6-bit output at g
time, Tbe control gate inpﬁt to TSL 8197 is derived from
‘the COS 1,'¢os‘11, SIN I, SIN IT inputs after they are.
ORed_and connected to the clock input of.JKﬁ?/F wired in
the toggle mode. The outputs Q and Q of this F/F are

connected to the control gate of TSL. The sequence in

which the TSL outputs available iss

- Most significant 6 bits of CoOs
Least significant 6 bits of COsS
Most significant 6 bits of SIN °

f

Least significant 6 bits of SIN

These are then connected to the PERTEC Controller.

DATA MULTIPLEXER

fTth_sub—system~converté tﬁe péréllel system
étatus'informationm(SSI) viz., IST time upté'miilisecond,
Station code, source code, L.F. Atﬁn., Beam code, SDT ON
"“timeaand\synchronization word (Syn&. Wordf}:ihEO‘dné~bi£
‘sérial”output. This one-bit (Statué.iﬁformation bit—SIBj

is‘thealeast-significant bit (LSB) in the 8-bit byte data
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belng recorded onto a. magnetic, tape The SST is 128 bits
long and thereﬁore,.with every 128. bytes recorded'on‘tape,
we getrcomplete SS8I. .Thus, in d@ record length of:lo24 bytes
SST is repeated.g times. This enables to‘crossucheck the

S8I, in case of problems, while%decoding in the computer,

" The Tg7 serial data sre first converteg to parallel
ueing serial-to~paralle] converter 74164 at the clock rate
of 50 kHz as shown in Fig. 8. 7The parallel outputs are
connected to the input of 2 shift register 7495 used in
bParallel- 1n—parallel out mode This is enabled by the
modify-time bulse whlch 1s avallable only when_one complete

cycle of SsI isg recorded

The heart of this subsystem ig the l6-input data

multlplexer 74150 The 128 inputs of the SSI are conneated

- S€qQuence. The IST time (6 bytes) inputs are derlved from
the shlft reclsters 7495 The statlon code (1 byte) is
W1red permanently for a spec1f1c fleld statlon (ThalteJ D2
Rajkot CDH

der1Ved from the address of the memory

Surat C9 ). The source code (1 byte) is

reglster sub—system _ The LF Attn and Beam Code (each of 1
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Remaining bits are conﬁected to Logic Zero permanently.
The . SDT-ON time (2 bytes) 1nputs are derived from the
'memory register sub—system. These are\the memory outputs.
ﬁThe Sync-Word is 4 bytes long'and perﬁanently wired as
OOFFOFOFH. The Sync-Word is used to 1dent1fy the position

of Varlous informations whlle decodlng the SSI in the

computer,

The 8-bit output of these multiplexers is conueoted
to an 8-input multiplexer 74151, Thel7;bit addrese
(4 bit for 74150 and 3 bit for 741515 is derived from.the
mux controller sub—system. The one-bit serial output of
SSI is avallable and connected to the Pertec controller

for merglng w1th A/D C data output to form bytes.

PERTEC CONTROLLER

The subsystem, shown in FPig. 9, generates commands
viz. FEN, WFM, GO etc. necessary to initiate the operation
of the PERTEC Buffered Magnetic Tape Transport (BMTT)l
On receipt of ON command from the mux controller, the .

Q output of D F/F 7474 becomes high and connected to_the
4-input NAND 7440. The other inputsvarevfromAl kHz IST,
AUTO/MAN and the @ of D F/F 7474. This output is then

connected to a decadeccounter 7490 connected in cascade



- 12 o

to operate for divide by 50. Thus, a 20 Hz output is
derlved and is used for controlllng the mux controller as.
lshown in Fig. 6. JK F/F 7473 (B6, B4) are used to derive
'the serial 1nput of serial- to-parallel converter 74164,

‘Thc clock for this is derived from the output of NAND 7440
(AS) and NAND 7400 (B5). Using outputs of the serlal to—
Darallel converter FEN and WEM, control outputs are derived

by D F/F 7474 (B2), monoshot 74121 and NAND 7400 (A3, C4),

One of the outputs of 74164 is the GO command.

-Internal reset is also generated.

These.PERTEC~control signals are generated on
Teceipt of ON and OFF commands from the memory reglster

and mux controller subsystems.

The final control signal generator shown in

Fig. 10, which caters to .the manual contrel as well as to
Athe automatlc control generated, is described below.

A 5. blt shift register with clear and preset fa01llty is
used to control the manual Operation, The signal generated
by the Pertec controller subsystem 1s ORed with these out-
puts, and are connected ags final control to the BMTT

| system The ANSWER STROBE (ANS STB) and GO are delayed

uSLng monoshot 74123 and OR gates 7432,

v



=13 -

The GO and buffer A-OVERFLOW (a-OVE), bugfer -
.-_B OVER FLOW (B-OVF) sigrnials are ORed, stretched u51ng
74123 and are connected to 1nput of blnary counter 7493
connected in cagcade to.countAthe number of records re-
corded on the BMTT. The output of thesge counters are
connected to g Display (HP 5082-7395) on the front panel

for monitoring, o .

, The 6-bit data received from the A/b C'are'%on—
.nected as 6 MSB and the one-bit serlal(Flg. 11) - SIB is
connected as LSB, the other blt belng permanently con-
nected to loglcal zero. Thus, these bits. form a byte.
These 8 data lines are connected to open: collector
Llnverter 7416 and its outputs are connected: to BMTT
system, These outputs are also connected to:the input
of a NAND 7400 the other 1nput belng from the READ/WRITE
(R/W) control on the front panel These are called WRITE
DATA for dlsplay. The 8 READ data lines and one parlty
llne are termlnated uslng 220/330~re51stances and con_
nected to a NAND 7400,  The other input to the NAND 1s
again R/W control These are called READ DATA for dis-
play.i These READ and WRITE DATA lines are connected tol
the NAND as shown and are connected to an LED dlsplay

on the front panel
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The BMTT status information signals'received are
first terﬁinated “and connected to an AND 7408 (Fig. 129,
The outputs are connected ‘to an LED for display on the
front panel after appropriate stretchlng using 74123 as

requlred

DIGITAL CLOCK

- For the success of the 3- Slte IPs experiment,
it is of utmost: importance to keep the digital clocks at
these sites dn synchroni sm with each other within, say

about + 5 msec. This is achleved by using a highly

5, 10 and 15 Muz?,

The'besic frequency standard is an oven-controlled
Crystal Osc1llator at a frequency of 10 MHz as shown in
Flg. 14 The crystal used has frequency stablllty of
+ SXIO 10per day under stable operatlng conditions. The
output 51gnal is 51nu801dal and about 200 mv rms in ampll—
tude Thls is ampllfled using V1deo amplifiers (LM733) |
and converted to TTL compatlble 51gnels using a hlgh i

speed dlfferentlal comparator (LM361) and a schmltt
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trigger.7413. This is then connected to a Fine retard _.
(R/F) and Coarse retard (R/C) cirduit consisting ofbmono~

‘ SthS_end NAND gates. This circuit disables theyclock

for a fiXed'ﬁime interval. The R/F control disables the
clock for ebout 1 mséc and the R/C ccntrol'disabies it
for about 20 msec. ;The‘lo’MHz output is then connected

to a decade counter 7490 providing outputs of 1 MHz and
100 kHZL These outputs are then connected to a Fine
advance (A/F) and a Coarse adVance (A/C) c1rcu1t Under
normal operation, the 100 kHz clock is connected.to,'
another decade counter 7490, but when A/F or A/C control
is operated, additional 1 MHz pulses are supplied to the
decade counter, thus advancing the clock by a pre~determined
interval,‘dependingron'the monoshot time constant; All
these four contrels arelprovided on the front panel. The
two decade counters 7490, connected in cascade, now
prov1de 50 kHz and:1: kHz outputs. Further counting is
done'uslng'synchronous up/down counters 74192 connecced

in cascade‘with appropriate reseﬁ for deys, hours,iminntes,
seconds and milliseconds. A set of 7 thumb-wheel sw1tches
(TWS) are uged . to load days, hours, minutes (preset
timel, When the time is lnaded all the other: counters are

reset to zero. The output of 1 Hz and the ‘Al output of



ATA using an Oscilloscope. The minute pulée is used to
start the DAS.J The counter outputg from millisecond to
‘days (parallel).a;e connected to aﬁparaliel-to-serial
converter 74165, These»are 48 bits long and are shifteq
by 50 kHz clock, thus We get a 48-bit serigal output. The
fresh information.to these 74165 is loaded by a loag
pulse“(PRF-960‘)ﬁééc) derived from the display circqit.
This'ensures the serial clock information update every
millisecond (msec), The:50 kHz seriél data load pulge
and 1 Hz pulse are also connected to a Buffer for display

as well as for Dag,

The:display circuit (Fig, 15), designed using
multiplex'technique, Consists of a 4-bitﬁserial—£o—
Parallel shift register;7495, where the sérial time data
are first converted to 4-bit Parallel data by the SO-kHZSﬂ
clock. The 50 kHz clock is also divided by 4 usiﬁg JK
F/F %473.. This output is used to latch the 4-bit_§ara1—
~lel clock data to 7475. These latched outputs are tben‘
‘déééded-using 7446 a seven—segment decoder driver, ?Qﬁ
7‘lines of decoded outputs aré ithen connected fo diéplag—

inputs, 14¢ thro' 'g' of 311 the displays through an
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appfopriate resistaﬁéevto iimit-tﬁe-current. The divide- Eé:
,_;by~4 oﬁt§ut is also connected‘tb‘a binary counter 7493 -
;and is used as diﬁiderby 12. This givég the load pulse of
fgéo”/ﬁgec (PRF)° fhe 4-bit outpﬁt of this counter is then
décoded using 7442 decimal decoder. Each output of the
decoder 1is then connected to a buffer and a driver to:
!drive the display. The display is thus selected one at a
time. dnly 9 outputs of the décbder~are used to drive

the display (DAYS-HOURS-MIN-SEC.).

The Sidereal Clock is.ideﬁtical to the IST clock
" described abo&e excépt for the basié”crystal oscillator.’
For this, a BEL quéﬁal with a“frequency of 10.026 MHz

is used. ' This clock is used ‘only to control the DAS "ON
tiﬁe""and “OFF‘t;me" énd hence&needgndt‘be“highly accu-

rate and stable.

OPERATING PROCEDURE

. The Sys#em Library has to:bepléaded only once
after the instrument p6wer supply is switched 'ON'. The
systems at all_thevtﬁreé sfations.are run by an un—i
interrupted power sﬁpplyf(UPS) system. The UPS system -
has.a capacity to run the entire system for about 5 hours,

when batteries are fully charged. The entire operational
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procedure is divided into 3 modes,

(1) LOAD OR WRITE MODE :- In this mode radié source .
barameters for all the sources planned to observe
are stored in the memory register (called SOURCE
LIBRARY). The control switches on the front

panel are selected for this mode as follows:

AUTO/MANUAL ‘ SWITCH ON MANUAL
READ/WRITE . " WRITE
NOT MODIFY/MODIFY n " NOT MODIFY

RUN/NOT RUN “ - NOT RUN

Now the source code is selected by HEX-ENCODER
key board. and by pressing the LOAD Switchi¢ -~ By a set'of
the TWs the SDT ON-TIME and SDT OFF-TIME are selected. By
toggle switches the beam code is selected. The ON-BIT
toggle is képt on low and the information written by
pressing WRITE. For example to load for the source 3C48
(Source Code 37), SDT ON time 0504 and SDT OFF time 0604
(for ‘1 hour observation around transit time), beam 5R
(beam code 14), ON BIT £oggle to low, the display will

read as: 37 0504 14 0604.
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(11) ~ MODIFY MODE:- In this mode, only the ON-BIT of {he
source to be recorded is made High. The control

switches aré'kepﬁ'as follows:-

AUTO/MANUAL ' swrTen ON MANUAL
' READ/WRITE . 2 " WRITE

NOT MODIFY/MODIFY " " MoDiFY

RUN/NOT RUN S " Yot RUN

..:The source code is selected using the HEX—KEY,_ZThe
ON-BIT toggle.is kept to HICGH and the WRITE-Key is pressed.

The ON-BIT will display High.

(iid) RU&HMODE:— This mode is used when the actual observ-

ations are taken. The controls are as follows:-

AUTO/ MANUAL SWITCH ON AUTO

READ/WRITE - " " READ
NOT MODIFY/MODIFY L 1 NOT MODIFY
RUN/NOT RUN . Ryy |

AThé»mémofy addresses are scanned at-a_rate,df'loo ﬁz.
The SDT timé-of the clock is checked with the stored. SDT OE
time outpﬁtlfrdm the memory. Each output is available for
about 10 msec>f0r comparisqn and éction° " Once the time ié

matched, the sequence starts as'desdribed?in"the earlier
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sections,

- At the end of the SpT opp time, a file-mark is
recorded on the magnetic tape. After thisg, the ON BIT of
this source 15 changed to ILow and next source ON BIT to

High by the modlfy mode .

SYNCHEQNISATION OF THE IST CLOCK

IPS statlons all the three IST clocks have +o be accurate '
w1th1n 45 msec ‘with one another. ‘This. is achieved by
synchronlslng the clocks with ATA transmitted from New
Delhi at 5, 10 and 15 MHz frequenc1es. ATA signal contains
modulatlon of 5 pulses, 1 msec each in every second. The
synchronlsatlon is done with the help of a dual trace
0301lloscope. Channel Yl and the external trigger inputs
_are 81multaneously fed with 1 Hz output from the clock and
the channel Y2 is fed with the ATA signal from the RACAL
receiver, as shown in Fig.13. If the rising edge of 1 Hz
-is not;:;nchronlsm Wwith the first pulse of the ATA, the
clock is made faster or slower as the case may be with

- the help of controls prov1ded on the front panel. The

- controls are adJusted till the rlslng edge of 1 Hz is

,synchrOnlsed w1th the first pulse of ATA, Thus
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the clock is exactly synch:ohised with the ATA. The accuracy
of + 5 msec is tolerated. Every 15-minutes, thére is an

announcement of time from the ATA.
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Figure Captions

Fig. . 1: Block Diagrém of Data Acqguisition System (Das)
‘Fig. 2: Diagram showing I/O signals of DAS |

Fig. .3: Hex Encoder

'Fig. 45 Memofy Register
Fig. 5:7 Mux~Controller
F%g. 6: Timing Diagram
Fig. T A/D Converter

Fig. 83 Data Multiplexer
Fig. 9s Pértéc Controilerb
Fig. 10: Control Signal Generatér (Pertec)
Fig. 11; Write/Read Data Display (Pertec)
Fig. 12: Status'Display (Pertéc)

Fig. 13: Time Synchronization

Fig. 14: . Digital Clock

Fig. 15: Clock Display
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BEAM CODE
BEAM CODERx %l BEAM CODRRy
16L 00 1R 10
15L, 01 2R 11
141 02 3R | 12
- 13L 03 4R 13
121, 04 5R 14
1iL | 05 6R 15
10, 06 7R f 16
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8L | 08 9R 18
m 09 10R 19
6L OA  11R 1A
5L OB 12R 1B
41, '_ oc 13R 1c
3L oD . 14R | 1D
2L OE 15R 1E

1L OF 16R 1F
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TIMING - DIAGRAM

’

SDT CLOCK=SDT ON TIME IN RAM - SDT CLOCK=SDT OFF TIME IN RAM
L TANTHHIN AN, 1Nt
N/ ) 5=

~7 x 77' ~ A PERTEC Wl:ﬂ

— X O e
N7 VY

l RESEY

20 Hz

| KKz

NO OPERATION

RESET PART

- SAMPLE 8 HOLD
MOOIFY TIME

ANALOG MUX A

Io’ BYTE A

NO OPERATION
©evre a

ANALOG MUX 8

l" BYTE B

NO OPERATION

l“ BYTE 8

SYSTEM - STATUS
MULTIPLEXER
ADDRESS

Fig. 6
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