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K MICROPROCESbOR*BASED DIGITAL DATA ACQUISITION
" SYSTEM FOR THREE SITE IPS EXPERIMENT

K.S. Lali, S.N. Pradhan & H. S Mazumdar
Physical Research Laboratory
- Ahmedabad-380009 '

Abstract:

Under the automation programme of three site Interplanetary
Scintillation experiment, the microprocgss;r/microcomputer based
digital data acquisition system each for Thaltej, Surat and Rajkot
has been developed and deséribed here. fhe s;ystem hardware
consists of microprocessor basea deaicated front end system
and an IBM XT compatible microcomputer for data and program
storage. Menu based system operation is made éxtremely simple
and data file for each radio source observed is created. The

addition of modems will enhance the capability of remote job

entry and real time data transportation.

1.0  Imtreduction:

Digital daj:a acquisition system based on discrete technology
has beeﬁ operational at all three radio telescope sites of inter-
planetary scintillation experiment for quite some time ﬁow.
The present system under discussion has been developed to

update the technology keeping in view the following considera-

tions:
1, System reiiability

2. Operational simplicity



3. | System flex1b111ty

4, Future requ:rement of observmg more sources simultaneously

The use of PC/XT microcomputer provides necessary system
reliability as this technology has withstood the test of time.
The operatlonal simplicity comes from the fact that the operation
is menu-driven and observations can be programmed in advance
for several sources. The sampling frequency at present is
.kept at 20 Hz but can be varied through software and hence

provides flexibility. The system can be extended to monitor

more receivers and hence extensible.

2,0 System Description:

The data acquisition system in i{:s most elementary form
is shown in Figure 1, It has an IBM XT compatible micro-
computer and a separate microprocessor-based dual channel Analog
to Digital Converter (ADC) system. The IBM XT computer with
its 640 Kbyte RAM was the obvious choice as it prbVided very
good environment for hardware and software development. It
communicates with the ADC system through the serial I/O port.
The microprocessor-based ADC system has a Z-80 processor,
its associated memory, peripheral chips, ' 12-bit A/D, timer/

counters, multiplexer, sample and hold, etc.

2.1 Microprocessor-based ADC:

Figure 2 shows the block diagram of micrbprocessor—-based

ADC gystem, This consists of a Z-80 microprocessor running



-at 2 MHz, It has 16 Kbyte - of EPROM and 16 Kbyte of RAM.
Two Intel's 8251 ICs prov1de 2 serlal channels for communlcatlon.
Two programmable tlmerlcounter ICs ngmely Intel's 8253 provide
6 timer/counters each having 16-~bhit count register. The output
of the two counters are used as clocks to the serial channels.
T}lerefore the baud rate of these channels can be changed by
programming the-corresponding countel’s. Two other timers are
cascaded to derive 1 Hz from. 50 kHz.v The 1 Hz output is
used as non maskable interrupt (NMI) to the CPU. A fifth‘
timer is used to generate the required sampl‘ing frequency.

This output is connected to the interrupt (INT) of CPU so that
the sequence of operation such as sample, convert, read, store
etc. can be carried out under software control. A 12 bit analog
to digital converter is used to digitise the two outputs of corwe-
lation receiver using sample and hold and an analog multiplexer.
.A parallel I/O IC 8255 reads the data from A/D as well as
provides the control signals for S/H, multiplexer‘and A/D.

Another 8255 is used for outputting 8 bit code for thé selection

of appropriate antenna beam by beam selector unit.

2.2 Circuit Detail:

This section describes the circuit of the microprocessor-
based analog to digital converter and explains the function in
detail, The circuit is fabr1cated on a single PCB of 12" x 8",
All connections to the external components are taken through

44 pin edge connector, The PCB _along with its power supply

is housed in 19" chassis with a flip cover and is suitable for



'rac'_:kv 'r'_nognting’._ The circuit is powered by a custom built power

supply of fpilowing rating:

230V AC

1. Input
2.  Outputs i + 5V @ 1.5 amps

+15V @ 0.25 amps

-15V @ 0.25 amps

The +15V and -15V supplies are required for A/D module. The
+12V and <-12V required for . RS-232 - C interface are obtained

using onboard regulators.

2.2.1 Microprocessor and meméry c!iréuit:

The microprocessdr circuit is designed around a Z-80
microprocessor operating on a single power supply and external
clock. The instruction se‘t is a superset of Intel's 8080 or
- 8085 microprocessor with the exception of three RST and RIM,
SIM instructioﬁs. Figure 3 shows the circuit diagram of micro-
processor and its connections with memory. The 74LS373 ICs
are used for buffering 16 address lines and a 74LS245 IC for
buffering 8 data lines. The read, write, memory request and
I/0 request signals are buffered by the gates of 74LS32, A
.74LS138 decodes the most significant three address lines along
with memory request to provide 8 chip select signals ‘for each
8 Kbyte memory device. The memory consists of 16 Kbyte EPROM
using two 2764 ICs and 16 Kbyte RAM using two HM6264 ICs.

The EPROM occupies address space from 0000 to 3FFF hex and



the .__RA.M _occupies the Aédd:’ress space from 4000 ‘to 7FFF hex.
Figure b5a shows an 8 MHz. osc1llator made usmg three inverters
of 74LS06. Thls frequency is further divided by a 4 bit counter
74LS93 to get 2 MHz and 1 MHz clocks for CPU and timer/counters
respecﬁvély._ The reset signals RST and RST arve generated
for various circuits and are activated by a push button on the

front panel.

2.2,2 Cvzou.nter/Timers and serial intérfac_e:

| Figure 4 shows the devices for counter/timers and serial
I/0 interfaces. A 74LS138 decodes the address line A3 through
A7 along with I/0 request to select the I/0 devices'. Two 8253
ICs provide 6, 16 bit counters for generating various timing
signals. The input to the first timer comes from either 1 MHz
clock generated onboard or 50 kHz output of an external IST
clock, This timer is programmed to divide this clock and
generate 1 LkHz odtput. The second counter further divides
this clock fo'generate 1 Hz pulses. This 1 Hz pulse is given
to the non maskable Interrupt of the CPU. The service routine
for this interrupt is a software driven clock. For IPS observa-—
tions; it is very important to sjmchronise this software clock
Wwith the IST clock as the observations are to be carried out
Simultaneously at three stations separated by approximately

\

200 kms.  The identical IST clocks at all the . three stations

e synchronised with the ATA timing . signals within %5 msec

dccyracy, The software clock synchronised ' with the IST clock



Will: alsc; provide vx_'elat‘ively same accuracy at ?1_11 the stations.
The ‘sylmc‘hbrlonisat‘ion with IST_ ¢lock ‘is achieved using 1 minute
pulse outpuf of IST clock. . The minute pulse output is logic
"high! during the odd minute aﬁd logic "low" during the even
minute intervals. As shown in Figure 5b the\ leading -and the
trailing edge of this pulse is used' fo generate narrow pulses
at every transition of a minute. This pulse is used to set the
flipflop 74L5107 whose output controlé the gates of timers.

Prior to synchronisation the flipflop is .cleared using one of
the output lines of 8255 (parallel I/0) forcing the ga;ce inputs
llow thereby inhibifing the‘ timers. Subsequent minute transition
pulse enables the counters. —

The 1 kHsz oufput of the first timer is also fed tc; the
fourth timer and is appropriately divided to generate the requ-
ired sampling frequency. In the present case the sampling
interval is 48 msec (~ 20 Hz) to keep it identical with the
oldl data acquisition system. The output of this timer is conne-
cted wit.h the interrupt of the CPU. The service routine then
cai‘ries out sequence of opefations to digitise the two channels
and loads the data in register or memory.

The circuit also has two serial communication interfaces
using Intel's two Universal Asynchronous/synchronous Recéiver—
Transmitter ICs 8251, The timers five and six generate the
required baud rate clocks from 1 MHz clock so that the baud
rate of the two channels can be set independently. MC1488

line driver ICs are used for generating RS 232-C signal levels
from TTL outputs of 8251, Similarly the receiver ICs MC1489

convert the input signal levels to TTL level.



: 2 2 3 Dual Channel A/D Converter and Parallel Interface

Flgure 6 shows A/D converter and . parallel I/0 interface
for d1g1tlslng and transferrlng data to CPU/memory. The analog
signals known as "SIN" and "COS" are received from the correla-
tion receiver. The analog signals pass througl‘l separate unity
gain amplifiers made of operational .amplifier LM324. The outputs
of thes'e amplifiers are pgiven to the Sample.and hold (S/H)
circuit' ICs 0023 of National Semiconductore as both the channels
are to be sampled simultaneously. The offset trimmers are used
to set zero output for zero input. The sampled signal Aof both
the channels go to a 2 to 1 analog multiplexer IC 0014 of National
Semiconductors. The output of the multiplexer is connected
to the input of a 12 bit A/D converter module EHlZB of Datel
Thus two channels are digitised alternately. The A/D is used
in a bipolar mode for analog input in the range +5 to -5 wvolts.
The offset and gain adjustment are provided to achieve linearity
in the output. |

The parallel interface consists of two programmable parallel
I/0 chips 8255 of Intel. The port A (8 bits) and Port b (4
msbits) of first 8255 are connected to the output}s" of A/D. The
lower half of thel port C "is used as various control lines to
S/H, multiplexer, A/D and synchronisation circuit descri.bed
in section 2.2.2, The upper half of the port G is used as
-input to get status of A/D. The second 8255 is only partially
used, the port A is used for outputting the beamcode which
will be used by beam selector unit to select appropriate antenna

beam to point to the radio source under observation,



2.3 The Microcomputer:

|  . The IBM PC/XT bmicrqcomputer fechnc;log'y' is sjrnonymous
with versatility and reliébili{:y; The opén ended archite'cture
has 1led to. large-scale manufactyring of clones and add-ons.
But the better advantage is in the availability \of software and
software tools. Therefore the IBM XT - compatible computer is
selected to support the function of data acquisifion. processing
and transportation of data. The system configuration is given
in Appendix A. The computer communicates with the ADGC system

through the asynchronous communication interface.

3.  Software:

The software is discussed in two parts, first the software
for the microprocessor-based ADC, The EPROM resident software
in this system consists of a monitor and several other routines
to support data acquisition. The monitor provides some simpie
commands to examine memory, alter memory, execute programmes
etc. It also provides some common routines to help manipulate

data,

3.1.0 NMI -Service Routine:

As described in section 2.2.,1 the CPU receives a non-
maskable interrupt every second. This interrupt is serviced
by CLOCK routine. This routine updates the memory-based

\

counters for hours, minutes and seconds. - It also compares

the time set for source observation and if it is equal sets an

- acquisition flag.



'3..1.',1 -'Interrl.xpt Service :Routin'e;.

The interrupt to CPU"' éccurs at the .sampling frequency
decided by the timer, in the present case the sampling interval
is 48 msecs. If the data acquisition flag is "set then in this
routine the analog signals are latched into S/H c1rcu1ts. These
are multlplexed and the 12-bit digital data are read by CPU
into its registers, converted into a string of six hex characters
and output to the serial port at 4800 bits/sec. At a sampling
frequency of 20 Hz the interrupt routine utilizes about 30% of

the CPU time.

3.2° Main Programme:

The main software programme for acquiring and storing
the data is developed in Tufbo Pascal ver 4.0. Thé mainvfunAc;t-
ions of this programme are to download necessary parameters
to the ADC system such as time of synchronisation, starting
time of observation, duration of observation, beamcode for the
source to be observed etc. The programme is. menu-driven
"and offers various choices to carry out observations, view data
or monitor the system. This programme uses a datafile contai-
ning names of the sources and the beam number require.d to
point the  antenna to the respective source. The data received
from the ADC system are stored in the arrays. On \c:c;mpletion
of the duration of observation data are ‘automatically saved

on the disk along with necessary house keeping information.




10

The name 'ofvthe ‘data file is the name of the radio sourée itself
with z; file-_é}iténsion"-coﬁéisting .o'f three chafacfefs repfesenting
the julian day of the ob‘servatibn. The dafa are then available
‘for quick look pgraphics display.. Several radio sources can
be observed in a sequence without any manual operation. FEach
‘source can be observed for a ma?cimum of 50 minutes i.e. 62,500
data samples (with present sampling rate) which is 250 Kbyte
of data. The' data files are stored on 20 Mbyte winchester
disk. These data files must be periodically removed to other
storage devices. The floppy disks provide a convenient mode
of data transportation. The listing of various programmes appear
in a separate report. Further details are discussed in the
following section on system operation. Besides this main progra-
mme other utility programmes are developed to'help data trans-—

portation.

4,0 System Operation:

The system operation is entirely through the computer
keyboard and. monitor except for a reset switch on the ADC
unit. It is made interactive and menu-driven so that even non-
programmers can operate the system. The executable code of
the programme named IPSAUTO is placed in AUTOEXEC batch
file so that it is executed automatically at power on or booting
the computer system. It is eséential to enter the DATE correctly

\

as it is used to calculate julian day which goes as a part of

the file name and helps in identifying the data file. On execu-

tion of the programme it comes up with a menu of nine functions
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‘which are described in ~detail here.

4,1.0 | Cloék ‘ Synchroﬁisétion:

This function allows to sirnchronise the software driven
real-time clock in ADC system with the IST clocl‘c. Upon entering
this function the readinéss of ADC éystem must be checked by
pressing "ENTER" key, the ADC should respond with "." prompt.
If there is no response the ADC system can be reinitialised
by the reset switch. After the prompt is seen press the "ESC!
key, the compufer then requests to enter the time for S}lrnchroni-
sation. The time should be entered in the format specified
i.e. two digits each for hours, minutes and seconds. The time
to be entered is obtained from the display lof the IST clock.
The time entered must be the time of ‘the next completing minute.
The "ENTER'" key must -be immediately pressed, if real time
passes the time entered before the "ENTER" key is pressed
then the synchronisation will not be proper. At this stage
the - display will show a stationary clock and it ~will start
ticking at the minute transition. Keep the space bar pressed
to see the displayed clock updating. Having satisfied that
the clock is in synchronism with the IST clock, "ESC" key

is used to return to the meny.

4,1.1 Terminal; !

This function provides the capability to debug the ADC

system by using the microcomputer as terminal to the system,
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4-.1'..2 (Sbs;érvatibns: |

This fun‘ction is uséd to take the 'obse1'vation for a single
gource, selecting this function the computer prompts the user
to enter _hame of  the source, starting time of tfle observation
a:ld ‘duration of the observation etc. and then waits till the
scheduled ' observations are taken. It di_spléys the number of
dafa points acquired while it is doing so. At completion of

the period of observation the data are stored in a file with

the file name as described in section 3.2.

4,1.3 Programmed Observation:

In this function number of sources to be observed in a
'sequenct-_: ére programmed. The system requests to enter neces—
sary parameters as above for all the sources to be observed.
The input query is terminated by typing "END" for a source
name, The information entered is displayed in a tabular. form
for wverification. If there are any errors the user has the
option to reenter the data. If the acknowledgement is positive
computer lists éll the sources, programmed to be observed and
proceeds. to acquire the data. As the data acquisition proceeds
it shows the status of each source. The programme goes béck

to the main menu when all the sources are observed.

4,1.4 Display:
This function gives the graphical display of the data
of the currently recorded source or previousiy recorded source.

The data can be viewed for different time intervals Beginning



13

‘with 0.5 minu'te to complete ‘duration of observatlon. The
dlc.pla,y on the sereen can be copled on a papel by a dotmatr:x ‘
printer. Two such prmt‘ outs on'dlfferent tlme scaleg are .shown

i

in Figures 7 and 8.

4.1.5 Loading previoﬁsly recorded -source:
This funétion is .provided to load memory with previously

-

recorded datafile for viewing.

4,1.6 Automatic Observations:

On.ce the observation schedule file is pre-pared as described
in 4.1.3 which is traﬁsiaarent to the user, this function carries
out the task of data acquisition for all the sources llsted in
this file. This file -can also be created/ edlted by cmy text

ed.itor utility.

4.1.7 Clock Display:
This function displays the real-time . clock in the ADC

system to help ascertam that the clock is in synchronmm 'w1th

ihe IST

4.2- 'vFilé Transfer Utility: o

' | The data ftles are ultimately to be transj’erred “to DL‘C 10
or Mjcr0~VAX computer for proces ing and archival storage on
magnetlc tapes. - 'Ihe detaflle‘* on the w1nlchester_'or f'lqppy

disks are in the blnary Iormat Whl(‘h is. the _mgﬁst' éompi"eﬁ'és‘ed
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way to store the data. However this format is not suitable
for transmission over an asynchronous line such as a time-shared
terminal. In absence of a direct comnection of the micro-

1

computer engéged in data acquisii;ion with DEC-10 the data' file
is’ 1ransported to the IBM PC/XT system havmg such a link.
Then a utility programme IPSTRAN converts the binary flle
into a compressed ASCII file. 1In thxs ASCII file a comblnatlon
of two non—coﬁtrol ASCII characters. are used to represent a
single 12-bit binary, value. The data sémples are _divided into
records of 256 samples each for "SIN'" and ncosh channelsv.
The record also holds the information abput time of tlhe first
sample in the record. |

This file i; then transmitted to DEC—I.O under termina]:
emulation programr;)e running on ‘IBM PC/XT. Another utility
programme in DEC-10 converts this compressed ASCII file into
understaﬁdable formét. This format is comi:atible with the

existing disk file format used by IPS data processing progra-

mmes.

5.0‘ Conclusions: , -

Three identical systems have been fabricated one each
for Thaltej, Rajkot and Surat. The ‘system' at Tllaltej ‘has been
oper.;ticvmal for mor;: than a year. ‘The other two, systems also
have been operational at Thaltej 81te for several months.:
Continuous and vigorous testing of all three systems in single

as well as in parallel mode of operation has duly confirmed

the system reliability. The correlation test between the three

Y ’
b .v
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systems when the same source was recorded‘ showed a cofrélation
factor close to 0.999. ‘:Thi’_s correlation faéto.r between three
systems is shown in Appendii B, C & D.  These three DAS
‘systems are therefore suitable for observations of solar wind

velocity using the interplanetary scintillations from three. sites.
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FIG.5. CLOCK, SYNC. & CHIP SELECT BUFFERS
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.CPU - 8088 operating at 8/4.77 MHz

Appendix A

System Configuration

Memory - 640 Kbyte

Display -~ Hercules Graphics Adapter with Monochrome
Monitor '

Keyboard - IBM AT/XT compatible keyboard
Ports - Two serial and one parallel port

Opérating gystem - MS DOS ver 3.2



Unit A

Jeldda
Jcldda
Jeldda
Jct44a
Jeld4da
lcidda
Jeldda
Jeldd4a
Jcldda
Jcld4a
Jcldda
Jcl44a
cid4da
leldda
ictd4a
icldda
Jeld4da
icid4a
lcldda
Jcldda
Jeidda
lcld4a
Jcld4a
Jel44a
Jeldda
Joldsa
Jcldda
lcldda
Jeldda
Jcld4y
Jcidda
Jecld4a
Jcidda
Jeldda
Jci4da
Icld4a
Ici144a
Jcliada
Jeldda
Jcid4a
Jcid4a
Jetdda
Jeldda
Jcidda

Uniﬁ’B{

3elddn

3cl44b

3clddn
‘Jclddo
-3cld4db

Jclddo
dciddn

Jclddp

Jclddo
3cld44o
dcldqn
Jclddp
Jetddo

3clddb
3ciddp

Jcl44do
3ciddn
3cld4o
Jeiddo
Jelddo

Jcld4p’

Jelddp
Jclddo
Jciddn
ctddo
Jciddp
3cld4db
Jciddy
Jclddp
Jc144b
dclddo
Jelddo

- 3clddp
Jelddp

Jcldidp
3cld4dp

Jefdds .

Jclddp
Jciddp
Jcid4b
3ciddn
Jclddb

dclddn

3clddb

Appendix B

CROSS CORRELATION FACTOR

Date
11/7/19a8
117771988
11/7/19an
117771988

11/7/7198n
11/7/194an

-11/7/19aR

11/7/1988
117771980
117771900
117771968
117771908
117771980

117771949

117771988
11/7/194n
1177719488
117771908
117771908

- ¥1/77198n

11/7/71988a

" 117771948

117771900
1177719488
117771944
117771940
117771930
117771848

11/7/1988

117771988
117771988
117771988
117171988
11/7/1000
1177/1988

117771984
. 117771908

117771941
117771908
117771968
117771984
117771980

117771088 -

11/7/7190¢

10
10
10
10
10
10
10
10
10
10
in
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

10

10

Time

25
25
25
25
25
26
26
26
26
26
27
27
27
27
27
28
20
20
28
28
29
29
29
29
29

0

30
30
30
30
L} |
3
kB
3
il
32
A2
32
32
32
33
33
13
33

0

12
24
3A
19

{

13
26
n
50

2
15
27
39
52

1
16
2R
11
51

5
10
30
42
54

)
19
31
44
56

R
20
33
45
57
10
22
34
46
59
11
23
36

48"

19
136
624

912.

200
460
176

64
152
640
928
216
504
192

80
l6A
656
944
232
520
ao0n

96
3na
672
960
240
536
R24
112
100
68R
976
264
552
R40
128
116

704

992
280
568
N5A

144 -

132

€os

0,99631

0,99660
0,99542
0,9968)
0.99764
0,995a4
0,99529
0,99789
0,99816
0,99726
0,99721
0,99754

0,99630"

0,99940
0,99823
0,99108
0,99707
0,99713
0,99637
0,99477
0,997089
0,99575
0,99616
0,99374
0,99517
0,99167
0,99942
0,99003
0,99491

. 0.99720

0,99116
0,99930
0,99050
0,99291
0,99829
0,99976
0,9993y
0,99231
0,99478
0,99965
0n,99590
0,9973)
0,99203
0,99373

SIN

0.,89618
1400000
0,9998)
0,99978
0,9996)
0,99970
0,99963
0.,99972
0,99950
0,99932
0,99951
0,99924
0,99932
0,99945
0.99858
0.99054
0.99743
0.99825
0.99905
0.99892
0,99880
0.99864

- 0,99667

0,99739
0.99766
0.,99542

0,99802

0,90682
0,995480
0.99722
0.991365
0,99624
(0,99401
0.99760
0.99609
0.997114
0,99527
0.99106
0.,99700
0,99477
0,99524
0.,992972
0.,99008
0,99361)



Unit B’

Iciddp
Jctddb
delddn
jcld4b
clddb
Jcl44ab
Jeclddh
Jcld4p
Jciddp
Jcliddnp
Jelddp
Jelddn
Jcid4dp
Jclddh
Jclddp
Jctddp
Jclddp
Jetddo
Jetd4b
icl 44y
Icid4o
delddp
Jotddp!
Ic1d4y
Jetddy
Jelddb
dcid4b
Jeld4qy
dcid4n
Iciddp
Jelddp
Jciddp
Icld44p
Ictd4p
Jclddo
iclddp
Jcid4o
Iclddp
Jcldqy
Jelddp
Jelddb
dcl44p
Jelddp
delddn

Jelddc
Jeclilde
Icl 44
Jcldde
icligde
Jelide
Jctdde
Jeldde
Jecldde
Jclidde
Jeldde
Jelade
Jeld4e
Icidde
lcldde
dcidde
Jcidic
dcldde

Unit ¢

ciddc’

Jetdde

cldde,
Jeldde

Jeldde
Jeldde

Jeldde,
~Jeldde

dcidde
dcidde
Jclddc

‘3cid1e
dcldde

dclddc
Jeldde
Jclddce
Jelddce
Jetddce
Jcldde
Jeldde
Jclide
Jeldde
Jciddc
Jcl44c

Jeldde

‘detdde

Appendix C-

CROSS CORRELATION FACTOR

Date

117771900
11/7/19an
117771940
11/7/19an
117771088
11/7/710an
117771990
11/7/719nn
117171940
1177171990
117771900
117771980
11771719400
117771988
11/77/198n
117771008
117771900

177 /7100R

117771900
117771900
V17771900
11/77/1a9nn
117771008
11/7/1908
1t/7/7100n
t1/7/7100n

“11/7/7190n

11/7/109n
11/7/149nn

1171719408

11/7/190n
11/7/7190R
11/7/190n
117171040
1177/71498n
11777100

117171998 °

1177171908
17771948
11/7/100n
11/7/10980
117171900
11777190k
117771900

10
10
in
in

10
10
in
{1n
10
1n
10
in
10
10
10
10
10
10
1n
in
10
1n
{n
tn
10
10
io
1n
10
in
tn
in
10
10
in
in
10
10
10
1n
i N
10
in

Time

25
25
25
?5
25
26
26
26
26
26
217
217
217
21
21
28
20
28
2
21
29
29
79
29
VAl
30
10
30
30
30
A
kB!
R
I
M
12
32
A2
2
32
1]

N

13
R

14
19

13
26
an
an

15
27
30
52

LA
28
i1
53

1n
30

42
24

11
N
44
54

20
N
45
57
1N
2?2
3
14
50
11
21
34
L

an
316
24
a12

200

08

176

64
352
hdn
a2n

216

504
797
o
lon
RS 6
944
212
820
ROD
96
In4
672
aGn
?24R
S3A
924
112
A0D0
ARN
976
264
557
n40
120
416
T04
42
200
Yo
Aba
144

132

Cos

0H,99641
N,99553
0,99445%
0,99434
0.,4%99622
0,99679
0,99414

‘0,996237..

0,996A1
0,99704
0,99757
0,9974¢
0,99751
N,998R)
0,99492
01,9974

0,09770) .

0,99723

0,99767

0,99894

0,99777

0,99722
0,99430
0,90478
99674
0,99732
0,99992
0,99h99y
0,99027
N,490H47
0.99704
N,99974
0,99959
0,99532

0,99959

0.99900
0,994974
0,99817
0,9912%
0, 99910
D,99H6Y

c0,99052

D,99HT)]
0.99855

'SIN

U.H7792

01,9992
0,99911
N,99915%
N,v9913
h,99d94
0,99913¢
N,99494

- 0,09437

U002

0,99401
C0,9994a0

0.,9y12a.
0,9904R
H,90037
L.99497¢
h,4992)
N,99907
D,049914
h,.9993¢
0,90923)
h,994912
0, 99915
0,499922
999212
0,9997)9
N.99443
ND,u9417

S 0,4999372

0,799
0,999249
0,9993R
N,s99924
b,n9052
N,9908a%
0,93953
0,99951
0,93016
0,999%9
Ue99931)
0.99937
n,90437
N,29934

T 0,995



Unit A

Jet4da
Jel44a
dcidda
3eid4a
Icld4a
Jeldda
Jcldda
‘Icid4a
Jcldda
Jetl44a
3cid4a
3c144a
Jecld4a
Jcld4a
}c144a
Jcld4a
Jci44a
Jeldda
et d44a
Jcidda
Ici144,
3cid4a
Jcldda
Jeld4a
3cld4a
Joidda
3cid4a
Jcldda
3cldda
Icldda
Icl44a
3cidia
Jetdda
3cldda
Jcl144a
Jcld4,
dclddg
Jcl44a
Icidda
Ic1d4a
3cid4a
dcldda
Jcldda
Jeld4a

Unit Cc

Jeldde

3cl4qe
dcld4e
3clddce
3cldde
Jetdde
dcidde
Jcldqce
Jeldde
Jeldde
Jclqde
Jcldde
Jeldde
Jeldse
Jeidde
Jctdde
Jetdde
Icldde
Jctdde
Jcldde
Jcldde
Jcldde
Ict44c
Jeidde
dcldde
Ictddc
Jeldde
Icidac
Jclgde
3clidqce
Jcldde
detdde
3cldde
Ictdde
Jeldace
Jcldde
Jcldde
Jcldge
deldde
Jeldde
Jclddce
Jeldae

Jcldde

Jclade

~ CROSS CORRELATION FACTOR

Date -

117771984
1177719840
1177719490
117771980
11/77/7194n
11/7/1°an
1177710948
11/7/1098R
11/7/19¢9n
11/7/7198n
1177719935
117771948
1177719840
117771988
11/7/7198a
117771988
117771994
11/7/719¢n
11/7/198n
117771943
117771984
117771080
117771980
117771908
117771988
117771954
117771980
117771980
117771988
117771988
117771988
117771988
117771908
117771949
11/7/1989
117771900
1177710988

117771988,

11/777190n
11/7/1948
11/7/1908

1177710900

11/7/719qn
117771988

Appendix D-

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

10

10
10

Time -

25
25
25
25
25
26
26
26
26
26
27
21
27
27
21
20
20
28
20
28
29
29
29
29
29
30
30
30
30
30
3t
I
3
31
31
32
32
32
32
32
3]
33
33
13

0

24
36

49

13
26
JA
50

15
217
39

52

16
20
41
53

{a
30
42
24

10
kR
41
56

20
33

45

51
10
22
3
46
59
1
23
36
48

1R
ER]S

24

912
200
489
176

64

52 .

640
928

216

504
792

8o
J6n
656
944
232
520
nos

56 " -

304
672
Q60
248
536
24
112
100
601
at6
264
552
R4
12n
416
704
9992
280
568
856
144
432

. COS

0.99432
0,9948¢
0,99668
0,99748
0,99606
0,99621
0,99404
0,99672

0499655

0,99539
0,99771

0,99642

0,99657
0,99830
0,99864
0,99274
0,99612
0,99762
0,99729
0,99040

0,99784.

0,99485
0,99402

'0,99279

0,99544
0,99216

. 0,9997¢
0,99763

0,99422
0,99711
0,99140
0,99933
0,990067
0,99242
0,99832
0,9997¢
0,99920
0,99258
0,99550
0,99960
0,99628
0,99603
0.991@0
0,99330

SIN

0,99903
0,99954
0.99958
0.99917

'0,99950

0.99935
0.99949
0.99911
0.9991¢
0,99940
0,99909
0,99935
0,99902
0,99979
0,99434
0,99815
0,99785
0.99787
0,9995)

0.,99H46"

0,99812

0.99774

0.99595
0,99738
0.99b79
0,9948)

"0.99795

0.99625
0,99537
0,99704
0.99358
0,99609
0,99331
0,99737
0.99799
0,99676
0,99507
0499094
0.99662
0.99427
0.99494

0.98959
0.99294



