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Chapter 1

The Department of Electrical Engineering at Kansas
State University 1is designing and building a system that
will be used to obtain weather data from radar signals.
Figure 1.1 shows a block diagram of the systen., The system
consists of a radar wunit, a Digital Processor and the
Electrical Engineering Department's Data General #lova 1200
minicomputer. The system components currently available are
a surplus APS-81 radar unit, and a Hova 1200 minicomputer
with the peripherals indicated in Figure 1.1. The purpose
of the Digital Processor is to digitize the video signals
coming from the radar unit and transfer the digital data to
a mass storage device. A digital interface is required
between the Hova and all of its peripherals as shown in
Figure 1.1, This thesis covers a design and implementation
of a Cormputer Interface circuit, for the Digital Processor,
which controls the movement of the digitized video data to
the computer's memory. Before proceeding with a description
of the Computer Interface some backround information on how

the digitized video siznal data is obtained is necessary.

BACKROUND IMNFORNATIOM

The principle of radar involves transmitting a pulse of
energy of known mnagnitude towards an object, and then

measuring the amount of the pulse that is reflected and the

1
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3
time between transmission of the pulse and reception of a
reflection, or echo. This time period is used to determine
the distance between the transmitter and the object., The
amount, or magnitude, of the echo is proportional to the
reflectivity and size of the object. The transmitted pulse,
as shown in Figure 1,2, is actually a high frequency signal
which Is amplified and transmitted for a short period of
time.

When moisture droplets are of sufficient radius and
quantity to fall as rain they will retflect the transmitted
signal producing a detectable echo. In this manner an
observer will "see" on the display device, a Pulse Position
Indicator scope, the echoes received from falling rain. The
radar antenna has a beamridth of 5 degrees horizontally and
10 degrees vertically and is rotated clockwise 360 degrees
every four seconds ith 800 high frequency pul ses
transmitted per second the APS-81 will receive unambiguous
echos of objects that are less than 100 miles away from the
anfenna.

The reflected pulses are detected in the radar receliver
to produce a video signal for each of the transnitted
pulses, The maznitude, or voltage, at eny point along the
video signal is proportional to the magnitude of the echo
from the associcsted transmitted pulse, There is a direct
time to distance relationship in the video signal as shown
in Figure 1.3

Tke antenna sterts at true llorth and revolves 360
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degrees. The azimuth Is defined as the angular distance from
true North that the antenna 1Is facing. The azimuth s
determined by using a shaft encoder. The shaft encoder has a
binary output that is equal to the angle that the encoder's
shaft is with respect to a fixed point. The shaft encoder
output is decoded in incremental amounts and then the video
signals that occur in this incremental amount are
integrated, The integral of the magnitude of the video
signal over a specified interval and incremental azimuth is
the echo Iintensity for a region, and is called a range bin
integral. A range bin is defined geometrically as a sector
of an annulus whose side is one-half mile and angle is the
incremental azimuth value, Flgure 1.4 shows the division of
the radar pattern inte the range bins or range azimuth
cells. With the above backround information a brief
description of the operation of the components of the

Digital Processor block can now be presented.

THE DIGITAL PROCESSOR COMPOHENTS

The Digital Processor block is composed of three
circuits as shown in Figure 1.5. The Logarithmic Video
Arplifier 1s used to compress the large dynamic range video
signal Into a video signal with a ten step dynamic range.
The Integration and Quantization Circuit will integrate the
video signal for each of 200 seperate intervals, each

interval corresponding to a one-half mile segment of range.
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Thus the tenth interval 1Is that part of the video signal
corresponding to 4.5 to 5.0 miles away from the radar
antenna, The time of integration iIs the tilme that a point
object would be within the antenna beam, duringz one scan.
The Quantization part of the Integration and Quantization
circuit converts the voltage on a capacltor, which
represents the range bin integral, to a Binary Coded Decimal
(BCD) value, the range bin intensity. The Integration and
Quantization circult generated the range bin intensities and
now the range bin Intensities are passed on to the Computer
Interface clrcuit for eventual transfer to a mass storage
device.

Each one-half mile segment of the video signal
corresponds to 5.37 microseconds. After the period of
integration each range bin intensity will be present on the
output of the Integration and Quantization circuit for only
5.37 microseconds. This rate is faster than most mass
storage devices can handle. The solution is to collect the
data in a computer's memory and then move the data to a mass
storage device in whatever format is needed. The sequence of
events necessary to obtain and store in the computer's
memory all of the range bin intensities for one revolution
of the antenna is termed the '""data acquisition sequence".
The computer used is a Data General llova 1200 minicomputer
with 28K words of memory.

The Computer Interface circuit is needed to control the

incremental azimuth over which integration of the video
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signals is performed and control the movement of the range
bin Intesitlies ftrom the Integration and Quantizatlon Clrcuit
to the computer's memory., This thesis covers the design and
implementation of the Computer Interface clrcuit which

accompllishes these tasks.,



Chapter 2

This chapter presents a detailed explanation of the
internal operation of the Computer Interface Circuit., Figure
2,1 shows the block diagram of the Computer Interface
Circuit, hereafter referred to as the interface or interface
circuit, Plate | shows the Computer Interface clrcuit as
implemented. The interface is necessary to synchronize the
movement of the range bin intensities from the Integration
and Nuantization circuit to the Hova minicomputer. The
interface also decodes the azimuth and nrovides signals
which control the azimuth interval over which the video
signals are integrated,

In order to describe the internal operation of the
interface a description of the signals provided and recuired
by the interface is required, The first section of this
chapter presents a description of the signals required and
provided by the HNova minicomputer The next section
presents a description of how the azimuth 1is decoded, the
signals generated and their use. The next twvo sections
provide a description of the signals used to communicate
vith the Integration and Anuantization circuit and a
description of the operation of the rercisters used to
tenporarily store the ranse bin intensities respecively.
The final section of this <chapter provides a description of
the circuit which simulates the azimuth and the sizgnals

conming from the Integration and Tuantizetion circuit.

11
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PLATE |

THE COHPUTER INTERFACE CIRCUIT AS IMPLEMENTED
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15
THE HOVA CHARACTERISTICS

One method for a computer to comnunicate with its
peripheral devices is the use of a group of conductors,
called @ bus, which runs to every device. The bus carries
the necessary electrical signals to allow communication
between the computer and peripheral devices, The Data
General Nova 1200 (hereafter is referred to as "computer')
pus carries to every peripheral:

1. Six device select.on lines,ﬁgﬁ-ﬁgg;from
computer to the devices.

2. Nineteen Control lines from the computer
to the devices to synchronize data movement
to and from the bus. For exarple the [ORST
signal that resets all peripherals.,

3, Six control lines from the devices to the
computer, such as the Interrupt Request line.

L, Sixteen bidirectional data lines,

DATAD-DATALS.

Since this bus is shared by all peripherals a separate
interface is provided for each peripheral device as
i1lustrated in Figure 2.2. As shown some interiaces can be
included within the computer mainframe. For additional
peripheral devices the bus can be extended, as in the case
of the Computer Interface circuit for the Radar Processor.

Jhen using the external bus the control signals that
originate in the computer and drive the peripheral

interfaces must be terminated as shown in Figure 2.3. The
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signal receivers are often an inverter or a nand sate with a

filter on the input lines. The voltage divider at the end of
each bus line gives the correct termination.

The bidirectional signals, such as the data lines, and
signals which come from the peripheral interfaces to the
computer, such as the SELB line, must be terminated as shown
in Figure 2.4, The bidirectional lines are '"active low" in
that pullinz a line low is equivalent to placing a loglcal 1
signal on that line, Thus the output transistor of an open
collector gate, such as the SH7438, is used for the line
transmitter and an inverter is used for a 1line receiver.

ilote that 211 bus lines must be twisted pairs.

Device Selection and Data Transfer

The ccrputer provides a six bit device selection code
on the device selection lines 0SG-NS5. These lines are
active low and are decoded so that each interface has an
enable line that is high when the interface's device code is
on the device select lines. The complement of the enable
line is used to synchronize the transmission or recention
of data when one of the Data In (DATIA,DATIB, DATIC) or Data
Out (DATOA,DATOB,DATOC) 1lines is active respectively. This
interface transfers an azirnuth value and the range oin
intensity word so to distinguish betwcen them, tvo device
select codes are used. 0One device selection code (63) is

used to synchronize the transfer of the output of the
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Azimuth Increment Counter to the data bus, and the other
device selection code (67) iIs used to tranfer the output of
the Range Bin Intensity Output Register to the data bus,

Firure 2.5 shows the loric necessary to generate the
enable lines DEVINT and DEVAZ recuired by this interface.

Figure 2.6 gives the timing diagram for a typical input
instruction. This instruction is of the form:

itnemonic(code) AC,Device Code

where the !nemonics are:

DIA Read data from the A buffer

DIC Read data from the B buffer

DIC Read data from the C buffer
"lote from the above that with each perinkeral there may be
up to three buffers Tron which data may be obtained, The
optional code that can be concatenated to the mnemonic will
e explained in further detail in the next section of this
chapter. AC stands for one of the four accunulators
(0,1,2,3), and Device Code is the +two dizit octal device
code placed on the device selection lines.

Execution of the DIA instruction causes the device
code to be placed on the device selection 1lines and the
DATIA line to ro hisgh, YWhen this condition is decoded by a
device interfece an enable line is senerated which gates the
data from the device interface output bkuffer to the data
bus. Figure 2.5 shows the data output enable lines INTOUT
and AZOUT that are reauired to zate the Azimuth Increment

Counter or the Range Bin Intensity Qutput Register to the
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bus.

Figure 2,7 presents a brute force method of gating the
data from the Range Bin Intensity Output Register and the
Azimuth Increment Counter to the data bus. A better method
is shown in Figure 2.8. This rnetheod requires fewer packages
and reduces the number of gate inputs that must be driven

by the INTOUT signal.

The Interface Status Circuit

Each peripheral device interface has a four flipflop
control network that specifies the state of the device and
requests an interrupt by that device (Busy,lone,Interrupt
Disable and Interrupt Request), Figure 2.9 shows the
flipflop control network suggested. When an input device has
data ready to be sent to the corputer, the device sets its
Done flipflop. The computer will clear the busy zand clear
tha Done flipflops of an output device when data is placed
in the buffer for that device. Vllhen the output device is
readv tor more data it will set its Done flipflop.

The computer can deternine when a device is ready for
service by two methods. The first methed involves
periodically checking the Selected Done (SELM) line which is
brought low when the device Done flipflop is set and its
device select code is on the device select 1llines. The
axecution of a skip-on-done instruction (SKPDHM) in the

program initiates this check, The second rmethod is for the
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device Interface to interrupt the computer. Durins each
computer cycle, at a time when the computer is capable of
being interrupted, the Rcquest Enable (RQENB) 1line Is
pulsed, One or more devices needing service will then pull
the Interrupt Request (INTR) line Tlow if their associated
Interrupt Disable flipflop is clear.

Vhen an interrupt occurs the prorram counter (PC) is
stored 1in location 0 and the computer begins executing
instructions at the Jlocation whose address is found in
location 1. Location 1 contains the address for the routine
that services interrupts. The service routine must execute
an Interrupt Acknowledze (INTA) instruction to datermine the
device code of the device closest on the bus thet s
interrupting. Thne INTA instruction pulses the IMTP IH and
[HTA lines and the device interruptine, which is closest to

the computer places its device code on the data bus lines

DATAL10-DATALS. A rmore detailed description of interrupt
servicing can be found in (3,5).

If the Interrupt feature of the lova s used then a
short Interrupt handler must be vwritten to process
interrupts from the interface, The interrupt handler can be
broken down into several steps. These steps and thelr

associated execution time in microseconds are:

Finish current instruction 1,35 maximun
Store Pragran Counter 1435
Jump to service routine 1.2C

Execute: INTA 3 2,55
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Execute: JHP  2DISP,3 1.35 + 1,20
Execute program segement to read appropriate data
Execute: INTEN 3.15
The total time to exectue the above, 1less the time to
execute the program segement to read the appropriate data,
is 12,15 microseconds.

The minimum time required to read the azimuth increment
count is given in Figure 3.4 and is 10,80 microseconds. Thus
to handle an Interrupt and read the azimuth increment count
would take:

12,15 + 10.80 =22,95
microseconds. The time necessary to read the range bin
intensity word is also given in Figure 3.4 and is 17,05
~icroseconds, Thus to handle an interrupt and read the range

bin intensity word would take:

12,15 + 17,05 28,75
microseconds., The range bin Intensity word (L range bin
intensities) must be transfered within 21,48 microseconds,
Using the interrupt testure of the Hova this time
reouriement cannot be satisfied, Therefore the interrupt
feature of the Hova cannot be used and need not be
implemented in the interface. This simplifies the reauired
implenmentation of the interface status circuit to that shown
in Figure 2,10,

To sct the Busy and Done flipflops to known states, an

optional code letter can he concatenated to the input/output

instruction mnemonic, The code letters are:
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none Leave Busy and Done as they are
S Set Busy and clear Done

C Clear both Busy and Done

P Special pulse on |IOPLS line

To distinguish which data value, azimuth increment count or
range bin intensity word, is available to be transfered it
is necessary to have two device codes and two Busy-Lone
circuit implementations or a status register to (indicate
which data value 1is available. To reduce the complexity of
the circuit and increase the speed of the control program
two device codes are used on this interface.

The signal DEVINTDONE is the clock pulse Ch which moves
the Range Bin Intensity Input Register to the Range Bin
Intensity Outout Register. hen this move occurs the data is
ready to be transferred to the computer memory so SELDINT is
set and the SELD line is pulled low when DEVIHT is active.

The sigznal DEVAZDONE is the output of a monostable
which is trigzgerad each time the azimuth Increments by 5,625
degrees. The azimuth fincrement count s in the Azimuth
Increment Counter. A new sequence of moving the range bin

intensities must start each time DEVAZDCHMNE occurs,

AZ II'UTH INCREHEHNT COUMTER

The azimuth is determined from decoding the 13 bit
binary output of the shaft encoder into two pulses. The

first pulse occurs when the azimuth reaches 0 da=rees, and



31

the second pulse occurs each 5.625 degree increment, The
incremental azimuth will be used to clock a counter whose
outnut will be a binary value equal to the numnber of 5,525
cegree increments,

The shaft encoder makes a full count in 32 revolutions
of the radar antenna, The shaft cncoder starts numberinzg
with bit 1 and this convention gives the corrclatlion between
bit place and degree of revolution shown in Tzble 2,1, From
Table 2.1 it can be seen that only SE1 to SES need be

decoded to detect 0 dezrees., When SE1-3ES8 are all lnw, or

£1-SES are all1 high, the antenna is pointing towards ilorth

[%p)

and a data aquisition seauence can now be performed, The
condition of zero azimuth decoded and a2 flipflop 1is set as
shown in Flgure 2,11, The lowest order bit of the shaft
encoder cycles from low to hizh to low in 5.625 degrees. The
falling edge of SE1 is used to clock the Aziruth Incremant
Counter. This allows the azimuth counter to be clocked
2.8125 decrees before the shaft encoder shows a multiple of
5.625 degrees, thus the data is valid when the counter
output is read, The Azimuth Increment Counter output will
be the binary number of increments of 5.625 degrees, Thus
the azimuth data word is decoded to indicate which wedge of
the radar's scan the data following will represent.

In four seconds the antenna sweeps 360 desrees and the
lower 8 bits of the azimuth shaft encoder counts from 2° to
27 . Thus the time per count is:

T=(4 sec)/(27 count) = 31.25 millisac/count



Table 2,1 Correlation Between Azimuth Angle and

Shaft Encoder Bit Position

Bit Position Azirmuth Angle
15 11520
12 5760
11 2880
10 1440
g 720
8 360
7 18C
6 an
5 L5
L 2245
3 11.25
2 5.625

1 2, 5125
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Thus, each 5,625 degree increment will take 62.50
mi1liseconds.

The circuit in Figure 2,11 is the circuit for decoding
the azimuth., To obtain a 1 to 0 state transition on the ZENB
line all inputs to the 8-input nand gate must be high. This
transition sets the Zero flipflop, which is cleared by an
IORST instruction. Yhen ZENB is high the complement of AZ1
becomes the clock, AZCCP, to the Azimuth Increment Counter.
The timing diagram for the circuit shown in Figure 2,11 is
shown in Figure 2.,12.

The outputs of the Azimuth Increment Counter are fed to

the output geting network and placed on the data bus lines

UATAO-DATA7. The Azimuth Increment Counter 1is read by

executing a DIA instiuction with device code 63,

THE SYNCHRONIZATION SIGHALS

There are several signals required to synchronize
transfer of the vrangz bin intensities from the lntegration

and Quantization <circuit to the computer Iinterface. These

are: SHOLD, ZERD, OHE, READY, and DUtP, The first three
signals indicate when the intensity ranze bins &re beinz
transferred, The last two signals inform the Integration and
Quantization circuit that the computer interfcce is ready to

accept the range bin intensities,

Figure 2,13 shows how the signals ZERO, GilE, and SHOLD

are zenerated on the Integration and OQuantization circuit.
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Figure 2,11 illustrates how these are used In the computer
interface and how READY and DUMP are generated.

The signal ONE iIs a pulse that goes low for one
microsecond when the range bin counter reaches the count of
1, The count of 1 is used because at this time the voltage
on the capacitor for range bin 0 has been digitized and its
value is present and stable at INO-IN3, Yhen the range bin
count sets to one the pulse ONE sets the count flipflop and
the sample and hold signal SIOLD becomes the clock to the
Range Bin Intensity Input. Register Clock Counter. The
counter is advanced by 1 and the data from range bin 0 is
clocked into the first four bits of the Range Tin . Intensity

Input Register.

The signal ZEROC 1is a pulse that goes low for one
microsecond when the range bin counter reaches a count of
zero. The signal ZERO is used to stop the sequence of
rovement of range bin intensities into the Range Bin
Intensity Input Register by resetting the Count flipflop.
tlhen the Count flipflop is reset then S!OLD can no longer
clock the Range Bin Intensity Input Registe} Clock Counter.
The ZERN pulse is also used to reset the Ready flipflop.

READY is synchronized with the radar triggzer pulse and
used as an enahle line so that the ZERO and ONE pulse occurs
only when NREADY is high.

The DUMP pulse goes high for one microsecond when a
zero azimuth crossing is detected and after the range bin

intensities for a azimuth increinent have been transfered and
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stored in the computer's memory. The DUIMP pulse 1Is used to
reset the READY and Radar Trigger Pulse synchronization
flipflops and to discharge the integration capacitors on the

Integration and Quantization circuit.

THE INTENSITY REGISTERS

Two registers are required in order to buffer the range
bin intensities and provide enough time to move them to the
computer's memory. The PRange Bin Intensity Input/Output
Reglster diagram 1is shown in Figure 2,14, The Range Bin
Intensity Input Register is divided into four four-bit
nibbles. Each nibble contains one range bin intensity., The
range bin intensities core once every 5,37 microseconds,
thus moving four of them into a 16 bit register giving
computer 21,48 microseconds to read the data into the
nemory.

The Ranze Bin Intensity Input Clock Counter is a two
bit Gray code counter whose output is decoded to provide
four clock pulses as shown in Figure 2,14, The 74107 dual JK
flipflop is used for the Gray code counter so that the
falling edge of C3HOLD clocks the counter. UYWhen SHOLD goes
high, CSHOLD goes low, advancing the counter, if READY is
high. The rising edze of the <clock cycles C1-Ch are used to
clock the data into the D flipflops used in the Ranze Bin
Intensity Input PRegister. !!hen SHOLD goes high, so will ,

after a few gate delays, one of the clock cycles. The data
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for a range bin Is stable on INO-IN3 when SHOLC goes high
and 1is the data for the capacitor MN-1 where N=count
appearing on the Range Bin Counter on the Integration and
Quentization Clrecuit,

Clock phase Cui is used for several purposes., First Chk
is used to enable the latches that compose the Range Bin
Intensity Output Register. D-type flipflops could be used
and a delayed CL clock phase could clock the data from the
Range Bin |Intensity |Input Register to the Range Bin
Intensity Output Register, but use of the Jlatches reduces
package count and still maintains data transfer reliablility.
Ch is also used to set the Done flipflop that is assoclated
with the intensity registers. VWhen this None, SELRINT, is
high the data is ready to be transferred from the Range 3in
Intensity Ouput Register. Apnpendix A contains the clircuit
diagrams for the Computer Interface as imnlemented. Alsec

provided is a system timing diagram.

THE SELF TEST CIRCUITS

To provide a means of taestinz the interface and control
prorram two self test circuits are provided. Fisure 2,15
shows the circuit used to simulate the azimuth, The azinuth
consists of an & bit binary value and is decoded to provide
the proper azimuth increment., The circuit board 1AN-2 (see
nppendixes A and B) contains the pseudo-azimuth circuit of

Ci-ure 2.15 and is reroved when the shaft encoder provides
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) the azimuth, The voltage levels of the shaft encoder output
are converted to TTL voltage levels when the shaft encoder
provides the azimuth signal, The shaft encoder low order bit
has a frequency of 32 lHz. and the self test circuit provides
2 low order blt with a frequency of 31,2 Hz,

Figure 2,16 shows the circuit that simulates the output
and synchronization signals of the Integration and
Quantization circult. The synchronizetion signals NNE, ZERO,
DUMP and READY are described in the section "The
Synchronization Signals". The circuit shown in Figure 2,16
is implemented on board 1A0-1. The clock frequency 1in the
Intesration and Quantization circuit that s used to select
the range bins is 186.2 XHz. The self test circuit wuses 2a
181 KHz. clock to select the range bins, Tnhis means that the
self test circuit outputs a range bin once every 5,52
microseconds instead of every 5.37 microseconds as provided

by the Integration and Quantization circuit.
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Chapter 3

Since a computer Is used as an intermediate step in
moving the data from the interface to the disk there must be
a program to control movement of the data from the Interface
to the computer's memory and then out to the disk., At the
present time the Department of Electrical Engineering has
two Caelus CD-22 disk drives and a Disk Management Operating
System supporting these disk drives. Figure 3,1 1is a high
level flowchart of the program that moves data from the
interface to the disk. With the memory size available on the
NMova 1200 it is possible to store in memory all of the range
bin words from one scan, and then once the scan in
completed, to rmove the data to the disk. This program is
available on the computer system's disk under the name
RNCP.RI, PRadar Data Collection Program (.71 stands for
executable "binary" ). The function of each block of the
flowchart shown in Fizure 3,1 1is discussed in this chapter.
A source listing of RRCP is provided in Appendix C.

The term "data acquisition record" will be defined as
the 64 azimuth increment counts and their 50 associated

range bin intensity words.

THE INITIALIZATION BLOCK

4L



‘ START )

INITIALIZE
-TIME
-DATE
-# of SAMPLES
-SAMPLE ATIME

GENERATE A

FILENAME

b

READ DATA
FROM
INTERFACE

OUTPUT
DATA
TO
DISK

ZIORE SAMPLES
TO BE
TAKEN ?

(:FETURN TO DMS

WAIT SAMPLE
ATIME

L

FIGURE 3.1

HIGH LEVEL FLOWCHART OF RADAR INTERFACE CONTROL PROGRAM

L5



46

Prior to obtalning data from the interface the user is
asked to initialize the program parameters., The user 1Is
asked the time of day and date so that each data acquisition
record can be labeled for easier bookeeping.The user can
also specify how many data acquisition sequences he wishes
to record and the interval between them. Figure 3,2 shows
the flowchart for the initialization block of RDCP,

The program wll1ll type out the statement:

TIME OF DAY (H/1/S) :

The user must respond with the time of day in a 24 hour
format, FEach field (hours, minutes and seconds) must be a
two digit integer value. Any invalid responses will result
in the question being repeated. A typical response would be:
TIME OF DAY (H/i1/S) : 09/30/25

where the "/" symbols will be provided by the prozram.

After obtaining the time of day the program will type

out the statement:

DATE (IONTH/DAY/YEAR)

The user must respond with the date, The vear field consists
of only the last two digits of the current calender year,
e.g., input 75 for 1975, The month and day responses must
be two dizit integer values as was required fcr the time
fields. The response for the date February 1, 1975 vould
be:

CATE (MONT!/DAY/YEAR) : 02/01/75

vhere the "/" symbols will be provided by the program. Any

incorrect response results in the renetition of the
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question.
The time of day and date are stored In the first six

words of the data acquisition record. The order of storage

is:

Viord Contents
0 Hours
1 Minutes
2 Seconds
3 Month
L Day
5 Year

Each word will contain the binary equivalent of the BCD
integers from that field, For example the vyear 1975 would
be entered in as 75 and appear in word 5 1In binary as :
0000000001001011.,

The program s initialized to obtain and store up to
100 data acqulisition records, The user responds to the
guestion:
i'UMBER OF RECORDS DESIRED
with the three digzit integer number of data acquisition
sequences to be recorded. Entry of a non-numeric character
or a value greater than 100 is invalid and the question is
repeated, The user siznals the program that the entire
nurmber has been entered into the computer by pressing the
RETURN key. The time interval between successive data
acquisition seguences can also bhe specified., The time

interval is set by by responding to the question:
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DATA ACQUISITION SEQUENCE IMTERVAL
TIME (H/I4/S) :
with the desired time in a 24 hour format as required for
the time of day entry.

Once the program is initialized, space must be provided
on the disk for the data from the acquisition records, The
next block will create a unique file name for each data

acguisition record.

GEMERATE A FILE NAME

To reduce the size of the control program a specific
family of file names are used and generated in this block of
the control program. The data is stored on the disk and is
accessed under the file name RDmn.DA where mn=00 ... 99,
There is a unique file name associated with the data from
each data acquisition sequence. The family of file names
used will allow a maximum of 100 data acquisition sequences
to be stored on the disk.

This program is written such that it must be executed
under the Disk Management Operating System (DNS)., Associated
with each file on the disk is a table that is placed in the
disk file directory. This table is called the VWork File
Parameter Table or WFPT. The VFPT contains the file name,
the starting sector address, the location in memory where
the file is placed, and the file identification. The format

of the ‘lork File Parameter Table 1is shown 1in Table 3.1.
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Table 3.1 Work File Parameter Table Organization
Word Contents
-2 File name, up to six seven bit ASCIl characters

packed right to left. For an odd number of
characters the last character is left justified.

Starting Sector Address

wi

L Lower Core Limit if the file is binary. Sector size
if the file Is source.

5 Upper Core Limit if the file is binary. Zero if the
file is source or releocatable binary.

6 Start Address if the file is binary. One if the file
is relocatable binary. As initialized if the file is

source.

7 File ID, two ASCII characters packed right to left.
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Table 3,2 relates the WFPT word to its contents. Using this
format the user can read any data acqulsition record one
disk sector at a time to any desired buffer area. A
detalled description of the use of DMS and the resident
routines for reading and writing data to the disk can be
found in the Caelus Memories, Inc, Disk IHanagement System

Manual (1),

THE DATA ACOUISITION SEQUENCE

After the disk file name Is created and the program
parameters are initialized the data 1is moved from the
interface to the computer's memory. Execution time in this
sezment is a critical factor. The interface supplies four
data values in one computer word every 21,438 mi croseconds,
thus the program nmust r2ad the data from the interface,
store it in the computer's memory, and be ready to read the
next value in this 21.48 microsecond time frame, Figure 3.4
shows the program segment and instruction times for moving
the dota from the interface to the computer's memory,

Once all of the data is stored in the computer's memory
it is then placed on the disk, The next block is the prozram

segment required to accomplish this,

WRITING DATA TN THE DISK



Figure 3.k Instructions and Times
For the Transfer Segment of the

Control! Program RDCP

LDA 2, COUNT
cow 2,2
START: I0ORST
H10S 66
SKPDN 66 2.55
JIP =1 1,35
DIAS G,66 255
STA 0,@TABLE 2,55 + 1.20 + 0,60

total time to read and store
azimuth increment count : 10.80 microseconds

H10S 67 3,55
SKPDI 67 2,55
JUP -1 1.35
DIAS 0,67 2,55
STA 0,@TABLE 2,55 + 1,20 + 9,60
I 2,2,SZR 1,35
JHP . =6 1.35

total time to read and store
range bin intensity word : 17.05 ricroseconds

‘lote: all times are given in microseconds
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Table 3.2 Contents of the York File Parameter Table

"ord Contents

0 Characters 'DR!

1 Character digits "nm'

2 Al In bit 0, all other bits 0
3 Beginning sector address

b Mumber of sectors used

5 Al in bit 0, all other bits 0
6 Al in bit 0, all other bits O

7 Characters 'AR?
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The WFPT was set up prior to executing the data
acquisition sequence and the data is now in a memory buffer.
Table 3.3 shows the organization of the buffer. The first 12
bytes contain the date and time information. Bytes 13 to
6540 contain the azimuth increment counts and range bin
intensities for one 360 degree sweep of the radar antenna.
Figure 3.5 shows the word structure for the Intensity
values,
The data 1is placed on the disk using the sequence of
steps shown in the flowchart of Figure 3.6,
The CATAL and DSKY are resident DMS routines and thelr
use is explained in Appendix D of (1). Once the data is on
the disk it is left to the user to provide programs that

will process it furthur.

PREPARATION FOR THE NEXT DATA ACQUISITION SEQUEHNCE

The decision block of the flowchart in Figure 3.1
determines if more data acquisition sequences are to be
recorded, The Wait block provides the required interval
between the data acquisition sequences. The expanded
flowchart for these two blocks is shown in Figure 3,7,

Durinz initialization the number of samples to be taken
was entered by the user. The number of samples requested by
the user Is decremented by one each time a data acquisition
sequence has been performed., After all data acquisition

sequences have been performed control is returned to the



Table 3.3 ORGANIZATION OF BYTES FOR ONE DATA ACQUISITION

SEQUENCE
AZLWUTH AZIHMUTH BYTES INTENSITY BYTES
5.525 12 - 13 14 - 113
11.25 l1a = 115 116 = 215
16.875 ' 2le - 217 218 - 317
22,5 318 - 319 3aze - al9o
23.125 428 - 421 422 - 521
33.75 522 - 523 524 - 623
39.375 624 - 525 626 - 725
45 726 - 727 728 - 827
50.625 328 - 829 830 - 929
56.25 93@ - 93l 932 - 1231
61.375 1832 - 1233 1834 - 1133
67.5 1134 - 1135 1136 - 1235
73.125 1236 - 1237 1238 - 1337
78.75 1338 - 1339 1348 - 1439
84.375 1440 - 144l 1442 - 1541
-T'] 1542 - 13543 1544 - 1643
95.625 1644 - 1545 1646 - 1745
121.25 1746 = 1747 1748 - 1347
126.875 1848 - 1349 1558 - 1949
112.5 1950 - 1951 1952 - 2851
118.125 2852 - 2853 2054 - 2153
123.75 2154 - 2155 2156 - 2255
129.375 2256 - 2257 2258 - 2357
135 2358 - 2359 2362 - 2459
148.625 2468 - 2461 2562 - 2561
146.25 2562 - 2563 2564 - 2663
151.875 2664 - 2665 2666 - 2765
157.5 2766 - 2767 2768 - 2367
163.125 2863 - 2869 2878 - 2959
163.75 2978 - 2971 2972 - 3271
174.375 3872 - 3073 374 - 3173
130 3174 - 3175 3175 - 3275
185.5625 3276 - 3277 3278 - 3377
191.25 3373 - 3379 3382 - 3479
196.875 3482 - 3481 3482 - 3581
222.5 3582 - 3583 3584 - 3683
2@8.125 3634 - 3635 1686 - 3785
213.75 3786 - 3787 3788 - 3887
215.375 3886 - 3839 3892 - 3939
225 3992 - 3991 3992 - 4291
230.625 4892 - 4893 40894 - 4193
236.25 4194 - 4195 4196 - 4295
241.875 4296 - 4297 4293 - 4397
247.5 4393 - 4399 4400 - 4493
253.125 a4ses - 4581 4582 - 4621
258.75 4682 - 4603 4604 - 4783
264.375 4704 - 4735 47056 - 4885
27¢ 4886 - 48237 4B88 - 4937
275.5625 4938 - 4929 491@8 - s@8@9
e23l.25 5012 - s@ll 5212 - Sll1
236.875 5112 = 5113 5114 - 5213
292.5 5214 = 5215 5216 - 5315
293.125 5316 - 5317 5313 - 5417
303.75 5413 - 5419 5420 - 5513
3@9.375 5520 - 5521 5522 - 5621
a1s 5622 ~ 5623 5624 - 5723
320.625 5724 - 5725 5726 - 5825
326.25 5826 - 5B27 5828 - 5927
331.375 5928 - 5929 5938 - 6229
337.5 60832 - 6031 6832 - 6131
343.125 5132 - 6133 6134 - 6233
348,75 6234 - 6235 6235 - 6335
354.375 6336 - 6337 6338 - 6437

362 6438 - 6439 6148 - 5539
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Disk Management Operating System.

The Wait block 1Is a loop that provides the time
interval specified between successive data acquisition
sequences, This 1loop counts the interrupts from the Real
Time Clock (RTC) until the number of interrupts matches the
1'ODULO 60 value of the hour, minutes, and seconds that were
entered during initialization.

The time of the next data acquisition sequence s
determined by adding the time to execute one data
acauisition sequence and the interval time between data

acquisition seauences to the time of the previous data

acquisition sequence.



Chapter L

The data collected in one data acquisition sequence can
be converted to precipitation rate and cumulative
precipitation information. The cumulative precipitation
information can be wused In flash flood forcasting. The
precipitation data collected using the system should greatly
improve the quality of precipitation measurements for this
area. These precipitation measurements could be input to a
real time watershed modeling program, Analysis of the
precipitation data over a period of time should yield better
ground water predictions.

The system can also be used to record the movement of
particularly large or severe storms. The computer graphics
terminal can be used to display the recorded data, thus
allowing analysis of such factors as the direction and
velocity of movement of a storm. 'York in the area of storm
identification through pattern recognition is now possible
with the data collected using this system.

If the beamwidth of the antenna is changed to a value
less than 2.8125 degrees only minor modifications are
necessary to allow collection of the range bin intensities
every 2.,8125 degrees., The Azimuth Interval Counter clock
input, AZCCP, must be changed so that the counter will count

in 2.8125 degree increrments. This may be accomplished by

61
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one of two methods.

The first method Is to add a ratio gear to the shaft
encoder so that the encoder will make a full count in 16
revolutions of the antenna. This modification will not
require any circuit modifications as bit 1 of the shaft
encoder would represent 1.40625 degree increments of the
antenna, Bit 1 is multipled by two to obtain the azimuth
increment over which integration 1s performed.

The second method is to change the clock pulse AZCCP so
that the falling and rising edges of AZCCP clock the Azimuth
Increment Counter. This circuit modification is shown in
Figure 4.1 and would require production of a new circuit
board (Board B).

Ho program modifications are necessary for either of
the above hardware modifications, The time between azimuth
increments would still be much greater than the tine to
transfter all of the range bin intensities, The amount of
memory used to store the range bin words is increased by a
factor of 2, iowever the program maintains pointers to the
beginning and end of the buffer containing the range bin
words so all of the data would still be transtfered to the
disk.

Using the self test clircuit, prozgram runs indicate the

control program and the interface are in working order.
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EXISTING A\ NEW
AZCCP Dc I_)D‘ AZCCP

FIGURE 4.1

MODIFICATIONS TO AZCCP
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APPERDIX A

CIRCUIT DIAGRAIS
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Legend:
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Cepaci tor
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RDCT

JRALAR DATA COLLECTICN PROGRAJ
sBY CARL C. ANDREACEN
;s JANUARY 28 1976

sRDCP IS5 THE PRC3IPAd UUSED TO CONTROL THE
sDISITAL COMPUTER INTERFACE OF THE DIZITAL
sRALAT™ PR OCES50R.

JREFEZRZNCE (2) FRESENTS THE STYLE OF PRGORAMMING
5USED IN THIS PRO3RAJ.

s CREATE P OINTER TASLE ENTRY
«ZNT DSX>, DELET.RDMS. WORKF
«ENT NEXTA. DSX',CATALL,FETCA
«EXTD PTI1,TXTOT
«ZREL
sPROCEDURE TO BUILD ALL NECESSA=Y LIWKA3SES TO DMS5.

s DISPLACEMENT VALUES FOR RESIDENT DMS REFERENCES

DIVAL: et 1 sPOINTER TO DISPLACEMENT YALUE TAELE
-351 JWORKFILE PARA4ETER TASLE
-325 SNEXT AAILABLE SECTOR ADDRESS IN DMS LIBRATY
=324 ;RETURN ADDRESS TO DMS
-320 3JFETCHA "ELOAL SECTOR ADDRESS
=317 SFETCH TFOQUTINE
-3406 s DELETE ROUTINE
-235 JCATALO3 TOUTINE
-130 5 DISK T EAD ROUTINE
~1256 3DISK YRITE TOIJTINE
-56 S TELTYI'E PRINT BEOQUTINE
Cade 40 JEND CF DIVAL TAELE FLAS &
JSECTOR ADDRESS (F EXEC'ITIVE ROUTINE
JRESIJENT uirlS POINTERS

‘1 ORKF: 2 sWORHFILE PACAJETER TALSLE

NEXTA: ] $NZXT a4’AILASLE SECTOR ADDRESS IN DMS LIZRATY
PA3EX: %] JREZTURN ADDRESS TO DMS

LASTP: ] 3FZTCA RELOAT Z=ZCTOR ADDRESS

FETCH: 2 JFETCH T OUTIHE

DELET: a 5 DELETE ROUTINE

CATAL: @ sCATAL O3 ROUTINE

DSHAR: 2 5DISK TE4D ROUTINE

DEKY: @ ;DISK 'RITE ROUTINE

TTOUT: 2

JTELETYPE PRINT ROQUTINE

“DMS: 5721 SRETURN ADDRESS TO DMS
«NREL

JPOINTER TA3BLE PACKING DISPLACEMENT

PTPD=YWORKF-DIVAL-1

5THIS RCOUTINE SUJILDS aLL ©CMS POINTERS

S5TART: LDA 2,DIVAL 5GET FOINTER TO DISPLACEMENT



LDA '-'9; 27‘2
MCUL# ©,0.SNC

Jk'ip ot 5

ADD 3.€@

STA 3,PTPD.
INC 2.2

JiF STATT+1

3 DMS POINTER TAZLE HAS
3 SECTOR TO 40.

S5TA E2,LA5TP
JulF 8P TI1

« ENL

87

s VALUE TA:-LE TALLE

JGET A DISPLACEMENT VALUE

;1F YALUE I35 POSITIVE. HMUST BE ENT

# OF TAZLE

51T MAZ POSITIVELSO POINTER 3FENERATION
315 LONE

sWAS HOT FPOSITIVE, SO0 BUILD 4 POIWTER
sPACA POINWTER IN DMZ POINTER TASLE
;UPDATE DISPLACEMENT PPOINTER

JGET HNEXT DISPLACLMENT

BEEN SBUILT, ¥N07 SET FETCH RELOAD

JGO TO PART 1 OF THE PROGRAN



88

s CREATE POINTER TAuLE ENTRY
«LNT PT1.TAZLE, 5~ U, STMEH. STHMEL
+EXTD DATE,TI.1L,S541P.DATA" ,STIME,RDMS,FETCH, TXTOT.C"LF
«EXTD "ORKF.DSK . ,NZXTA.C4TAL,HCURS,MIN.SEC
«ZFEL
PTl: MILI
Sacliu: @ JNUMBEZR (F DATA ACRIISITION RECCRDS
STMEH: @ 3 STOR#A3E CF dl3H CRDER 'ORD CF SAMPLE TIME
STMEL: @ s STORAIE OF LOW CRDER WORD CF SAMPLE TIME
SECTC: B 3 STORAGE FOR SzZCTOR COUNT
«L 0OC 20
TALLE: 5003 JAODDRESS OF DATA ACRUISITION RECCRD
«JREL

sINITIALIZE

THE POINTER TO THE DATA ACQUISITION RECORD

;s DATA BUFFER (DARDB)

LDA
5TA

M1L1:

D57

s OBTAIL:W THL

8,M1D1 5;LOAD ADDRESS OF DATRDB

4, TABLE i STORE ADDRESS OF DARDB IN
JAUTOINCREMENTING LOCATION "TAZLE"

TALLE ; DECREMENT DARPDB ADDRESS BY 1

5SINCE A'ITOINCREMENTING LOCATICN ADDS

sBEFORE 5TORING DATA.
DATE aND S5TORE THE DATE DARDB

SR @DATE
5 0BTALW THE TIME &MD STORE THE TIME IN DATDB
JSR BTINE
s OBTALIW THc NUMBER CF DATA ACGUISITION RECCRDS TO 2E TECORDED
i THE RESULT BEING 3TORzD IN LOY CCORE LOCATICN '"sAMNT"T
J3SR 854:P
3 OBTAIN THz TIJE IWNTERVAL ZETWEEN DATA ACQTISITION SEQTENCES.
J3h 5 TIAE
JESTAZLISHA A FILE (JAME COF THEZ FORM 3DM.DA
JWHERE MN = €9 «ee 97
LDA 3,7 O0RKF 3L0OAD ADDRESS CF 'TFPT
LDA 1.M1C2 5 0=TAIN FIRST 2 Cd4ARACTERS CF
sFILE NAHE
STA 1.2,3 s STORE IN JFPT
LDA 1.M1D3 sLOAD SZCOWND 2 CH&aT. OF FILE NAIE
STA 1.1.3 3STORE THEM IN TFPT
V1IL 3 SUBZR 0.2 s SET 3IT 2=1
5TA B.243 sINITIALIZE "T0RDS 2-6 CF “FPT
S5TA 43,3
STA B.,4.3
STA 9.5.3
STA 0,643
LDA 1.M! D4 ;L0OAD DISK FILE ID
STA 1.7.3 " $§STORE ZISX FILE 1D
s HaVE ESTASLIS.LED WFPT AT DEFAULT (10DE
JNCI CHZCK FOR THZ NEXT ©5D#%.DA
sWHoRE # CALN BL sl INTEGER FROM #-3
J37 er ETCH JFOR THEZ FILE IW THE WFPT, SEE IF
512 CN THZ DICK
JAF MILS ;17T A5 HOT
J.IP MILS ;1T "TAS HNCT
LDA 1..01L3 ;L0OAD SECCND - CHARACTERS CF

JFILE NAME



AlL4g:

“M1Dl:
J11D2:
11D3:
M1D4g:
A1D5:
A1D6:
JA1D7:
A11D9:
M1D1G ¢
“11D15:
MIDI5:
A1Dl2:
Alul13:
s11Dlazs
MID17:
A1D135:
A1D13Js
d1Aalz:
LT ¢
AlT2:
A1T3:

MCLYUS

LDA
AND
LDA
StiIB#
JUiP
LDA
MCVS
1.C
MCVS
LDA
STA
STa
J 1P
LDA
LDA
AND
LDA
SUB#
J AP
JSR
JST
MITI
J3=
LDA

13¢C
LDA
AND

LDA
STA
STA
JiP

« ZREL
5220
Ba2122
230606%
42504
377
871
832377
B

T

a

2
MILLly
177773
B2dl4
5

=54
-58.
M1L3

« TXT
«THT
«TXT
#JRZL

89

1,1 JJUSTIFIED RI3HT=-LEFT, HN(Y &4"E
SLEFT=-RIHT
P,.41D5 JLOAD 4ASK TO £LEEP RIIHT HAND SIDE
P.1 SKEEP JUST RHS
B,iM1D5 ;L0AD #MASK FOR '9°
Bal.SHR s TEST IF CH&R=MAS3K
MlL4 315 A 9 SO CHECKX OTHZIR SIDE
1.14103 ;L0AD SECOND - C.{aTACTERS CF FILE WAME
1.1 3WAS NOT 9 S0 INCREMENT
1.1 5BY | 4D STORE THEM I
1.1
3., W ORKF 3sL0OAD ADDRESS OF ''FPT
1, 1.3 3STORE SECOND = C:dAa™ IN WFPT
1.41D3 5UPDATE THE ZEZCOND 2 CHARACTERS
MIL3 350 CHECX IF THIS OJE =XITS
1.M1D3 JLOAD THZ SECOND 2 CHaARACTERS
@.M1D5 3L0AD MASK TO XEEP RHZ
2,1 JKEEP JUST THS
@,M1L6 JLOAD MASX OF '3
2.1.52R STEST IF MASKX=CdAar
15 JWAS NOT 4 2
@CRLF
@TXT 0T JWAS 4 3 SO "D93.DA EXISTS
@7 DMS
1.M1D3 ;L0aC THE SECOND 2 CHATAZTERS
350F FILE NAME
1.1 3SINCE 'AS NOT 9., INCTEMENT IT
2,M1L7 3L0AD ASX TO WESET CH&™ '3' IN LHS
2,1 sJHAVE WEXT SECOND 2 CHAPACTERS
50F FILE NAME
3. WORKF JLOAD ADDRESS CF 'FPT
1.1.3 3STORE EW SECCND 2 CHATACTERS
1.M1D3 JUPDATE SECCND 2 CHARACTERS
M1L3 360 ZEE IF THE HEY FILE NA4E CEXISTS
3JADDRESS CF DA .DB
JCH&”ACTERS 'DR'
3 CHARACTERS '70@°
3 CHARACTERS 'abD'

TO AEEP RH=-
'gl

sMASH
5 CHATACTER

JCHARACTER'@' MASK FOR LHS
JRTC COUNTER

;s TEMPORARY LOCATIOCN

s TEMPORARY LOCHKTICY

JACDRESS CF INTERRUPT HAANDLER

INTERRUPT ASH

5RTC DEVICE CCDE

JFIIDGE FACTOR TIAE CCNSTANT

J# CF 5.625 DEGREE INCREMENTS IN 368 DEGREES
5#CF AZIMUTH 'TORDS TO ZE TRANSFERED

4ALL FILES FROJ4 ZD28.0A TO RD9%.DA ZXICT&
L£EGIN SAMPLINGE
&ZND Z4HMPLINGS



s READ
JAlL5:

;s OUTPUT TH=
;"TA3LE"

90

THt DATA FRCM THE INTERFACE

JSR @ClLF
JSh eTXTOT
MIT2

JSR @CRLF
JSE 8LDATAR
J5R @CRLF
JSh eTXTOT
MIT3

DAR DB

POINTS TO END OF CARDB

3"dlL1" POINTS TO BEGINNING OF DARDB

s STORE THE DATA

n'ilL6:

;s TEST
A1LT:

3WAIT
J1LB

GlLl1ls

SUB
STaA
LDA

STA
LDa
LDA
STA

LDA
LDA
JSER
ISZ
STA
STA
LDA
SUBZ#
JiiP
LDA
LDA
STA
SUB
STA
JS=
ILF
DSZ

JuiP

JMP

DESIRED

5US
DO0A
NICS
LDA
STA
LDA
HNZG
5TA
LDA
Nz3
STA
LDA
DOz
LDAa

JACRE

2.2 sCLEAN AC2 FOR SECTOR COUNT
2.SECTC JCLEAR SECTOR COUNT LOCATION
1.M1DI 3MOVE SEGINNING POIWNTER TO "SE LOCATIN
1.M1D9

347 ORKF ;L0AD 4DDRESS COF WFPT

P,eNEXTA LOAD WEXT SECTOR ADDRESS

@.3.3 JSTORE HEXT SECTOR ADDRESS IN "'FPT

AS IT IS STARTING SECTOR FOR THIS FILE

P,eNEXTA LOAD NEXT SECTOR ADDRESS

1,41D9 5L0AD START AUDRESS £ZF LCATA

@084’ JWRITE THE DATA

SECTC JINCREMENT THE SECTOR CCUNT
9.8NEXTA 3STORE NEXT SECTOR ADDRESS

1.M1D9 3STORE START ADDRESS OF DATA + 400
A, TASLE ;LOAD ¢iA¥ CORE 'ISED

1.6,5ZC 5SK{IP WHEN ALL “JRITTEN

."1@

3. WORKF ;LOAD ADDRESS TF 'FPT

2.SECTC ;L0AD THEZ SECTOR CCUNT

2.4,3 STORE SECTOR COUNT

2.2

2.5.3 sCLEAR 70RD 5 CF "FPT

eCcATAL ;CATALOS THIS FILE
DATA ACAUISITICN SEQUENCES TO BE ZECORDED
SLMANY JDECREMENT # CF DATA ACKRTISITICN

5 SEMJENCES
TO SL RECCRDED.

42 JMORE YET TO 30

@r.DMS JRETURN TO OPERATING SYZTEM
1JTERVAL

2.2 35CLEAR &C2 FOR A CCUNTER

2.RTC 3SET RTC FOR 62 HZ CPERATICHN

RTC

1.141012 JLOAD &ND ESTORE

1.1 3 ADDRESS CF INTERRUPT HAIDLER
2,5TMEH

2.2 3FORMS 2'S CCAPLEMENT OF INTERVAL TIME
2..11C15

2.STMEL

PR JF(RMS 2*Z CCAPLEMENT OF IIITERVAL TIXE
3,.11D15

1.M41DI13 JLOAD INTERRUPT MASH

1.CPU 5 EXECUTE (SXC

6,M1D1% ;L0AD -6Z2 DEC. AS # 53 =2



AIL9:

1L 12

dlL12¢:

A1L13:

ILTEN
JuiP
JilP
INTA

LDA
NICS
SUB#
JSR
INIC
JuiP
LDA

LDaA

MOV
Ji1P
INC
sTA
JuIP
MOV
JHP

INC
STA
JuP
SUB
DOE
LDA
5TA
DSZ
LDA
L DA
ADD
STA
LDA
LDA
ADD
S5TA
LDA
LDA
ADD
LDA
ADD
STA

JA1P

1.M1D14
RTC
2,1, 52K
enDMS
B,2,52P
MIL9
2,M1D16

1.MID15

2.2, 5NR
MIiL12
2.2
2.iM41D16
MIL11
1.1.,5MR
MIL13

1.1
1.M1D15
MI1L11
1.1

1, CPU
3,41D1
3.TASLE
TABLE
@.3,3
1. HCURS
Ba1
1.3,3
@, 443
0.1
l1a4.3
0.523
1.5EC
3,1
@.,141D17
2.1
1.5.3

aulAal

DATA FROM

91

s INTERRUPTS TO CCUNT
JENAZLE INTERRUPTS

SWAIT

; INPUT DEVICE CCDE OF

J INTERRUPTING DEVICE
;L0AD DEVICE MASH

JWAXE UP THE RTC A3AIN
JTEST IF DEVICE CODE 13

5 INCREMENT
JNCT ENCUGH
;LO0AD LOW CRDER C(F INTERVAL
JTIAE IN SECCNDS
;LOAD #4ISH ORDER OF INTERVAL
JTIME IN SECONDS
JTEST IF LOW ORDER
JYZS. THEN PROCESS HI3H ORDER
ijNO, IJCREMENT ONE SECOND
JSTORE NEW INTERVAL TIME CCUNT
s INTERRUPT FOR NEXT SECOND
5TEST IF .{I3H GRDER IS ZERO
35YES., THEN BOTH HI3H AND
3LOW CORDER INTERVAL TIME

COUNT IS ZERO., S0 INTERVAL TIME
IS Uyp, TRITE HEXT DARDB
3JNO, INCREMENT ONE SECOND
3STORE NEW HI3H ORDER TIME COUNT
JCCNTIXNUE FOR NEXT SZCOND
5CLEAR AC!
3 EXECUTE #SX0 INSTRUCTICON
3RESZT TASLE POIUTER

COUNTER

IS ZERO

3 DECTEMENT ADDRESS 3Y |
sLOAD HOURS
JLOAD INTERVAL TIME HOURS

3 STORE TIMEHCURS + INTERVAL HOURS
;L0AD 4INUTES
3L0AD INTERVAL TIME MIJUTES

3 STORE TIME HAINUTES + INTERVAL AINUTES
3L O0AD SECONDS

;JL0OAD INTERVAL SECONIS

3JSTORE TIME SECONDS + INTERVAL TECCNTS
JCCITINUE FOR ZEST OF DESIRED
3 # CF RECORDS

DATA ACAUISITION SEQUENCE



TXTOT

sTHIS SUBROUTINE PRINTS A TEXT TO THE TELETYPE
H

e e ws mg

.
>

.
r
»

H

J5SR
RETURN

INPUTS:AC3

;s OUTPUTS:

C~ALLING SEQUENCE:

eTXTOoT

PCINTS TO ADDRESS CF THE TEXT

NONE

JCREATE ZNTRY TO POINTER TAZLE

SIL3:

S1D2:
S1D1l:

«ENT
+ ZREL
S1L1
«HREL

STA
NIOS
STA
STA
STA
LDA
LDA
LDA
AND#
JMP
SKPBZ
JilP
DOAS
MOVS
AND#
JAP
SKPBZ
JP
DOAS
INC
JHP
LDaA
LDA
LDa
152
LDA
JuiP

« SLX
@B377
- END

TXTOT

3.51D8
TTO
2,S5100+1
1,51D8+2
B,.S1DB+3
1,51D1
34243
0.0.3

B, 1, S3R
SI1L3

TTO

."l
2,TTO
2.9
@.1.54R
SIL3

TTO

-1
B,TTO
3.3 '
S1L4
@,S1D2+3
1.81D8¢+2
2,51D3+1
SI1LB
3,51D8
es1Co

4

;L0AD THE MASK

3LOAD ADDRESS OF “7ORD OF TEXT
sLOAD A JORD OF TEXT

3TEST IF 3ITS &-7 ARE 3

3GET THE SECOND :HAALF
3TEST IF ZITS 2-7 ARE 2

JINCPEMENT PAST POINTER



CHOUT 43
sTHIS SUBROUTINE (UTPUTS & EIFHT JUSTIFIED CHARACTER FROM ACFP
s CALLING SEQUENCE:

JSP eCHdouUT
RZTURN HERE
2

INPUTS:ACY CHARACTER IN BITS 7-15 TO 30 0OUT

.
E

;
5 OUTPUTS: NONE
JCREATE ENTRY TO POIWTER TASLE
«ENT CA0uUT

«ZREL
cdouT: S2L1
«HREL
S2L 1: sTa 3,52D@
STA 2.52D8+1
STA 1.52DB+2
STaA @,52D@+3
SKPBZ TTO sCAECK IF TELETYPE IS PRINTING
JiIP o-1
DOAS 8.TTO 3 QUTPUT CHARACTER
LDA P.52DB1 3
LDaA 1,52D3+2
LDA 2,52D0+!
LDA 3,520D8
JAP @s2Dpe

; DATA
52D@: «SLK 4
« END
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CREAD

e wa

CALLING ScQUENCEL:
J5R @CREAD
RETURN HERE

INPUTS :NCNE

s wa ‘es N we

s OUTPUTS: ACO REZSULT OF READ IN BITS 7-15
H
s CREATE ENTRY TO POINTER TABLE

«ENT CREALDL

CRzAaD: 53LI
«NREL
S3L1: STaA 3.53D8 5 STORE ENVIRCYMENT
STA 2., 53D@+ 1
STA 1,53D8+2
NI OS TTI 3 START THE TELETYPE INPUT
SKPDN TTI JWAIT FOR A KEYSTROKEL
JuP o=1
DIAS B.TTI sBRING IN A CHARACTER FROM TTI
NI CC TTI
LDA 1.53D1 ;L0AD “ASK TO ELIMINATE PARITY ZBIT
AND 1.8 ;MASK OFF PARITY
LDA 2,53D@+1
LDA 1,53D@+2
JMP e53D8 ;AND TETURN

S3D@: «3LK 3
53Dl: 177
«END



CRLF
s Ti{lS SUBROUTINE CUTPUTS & C&I &aND LF
sCALLING ScQUENCE:
; JSiH @CRLF
H RETURN
s INPUTS:NCNE
; OUTPUTS: NONE
3 SUPPORT SU3ROQUTINES
H DELAY
;
JCREATE POINTER TABLE ZNTRY
« ZNT CRLF
«XTD DELAY

«ZREL
CRLF: S3L1
2
S3L1: STA 3.58D0
STa 2,53D2+!
STA 1.S3D@1 2
STA @,S3D8¢ 3
LDA 1,S3Dl1 ;L0OAD CR aND LF CHARACTERS
SKPBZ TTO 3 TEST IF OUTPUT BEIYG DONZ
JAP [ l
DOAS l1.TTO ; OUTPUT CR
JS54 @DELAY JGITE & DELAY

MCVS 1.1
SXP3Z TTO

J.‘IP .= l

Dpoas 1. TTO 3 OUTPUT THE LF
LDA 3.53D0+3

LDA 1.53D0+2

LDa 2,53D2+1

LDA  3,53D9

JA? e53D@

3 DATA

33D@: « 3LK 4

53Dl: «TXT '<]l5><iz2>"
«LND



DELAY

3THIS SUBROUTINE 3IVES A SHORT CELAY

35C THAT THE CATRIAZE Cad RETURW JHEN USING THE TTY
3

3CALLING SEQUENCE

3 JSR @DELAY

2

RETURH
2
s INPUTS:NONE

5 OUTPUTS: NONZ

2
CREATE POINTER TASLE ENTRY
«ENT DELAY

«ZREL

JELAY : SvyL1
«NREL

SsLl: STA 3,55D0
STA 2,53D0+1
LDA 2, 52Dl
STA 2. 5202
DSZ s3D2
JiiP -1
LDA 2,5500¢+1
JAAP @59D%

SSL2: «ELK 2
5301: 582
S3@D2: 2

t=)



BELL
; GJTPUTS THE BELL CH&TACTER TO THE TTO
;
5 CALLING SLEQUENCE
J3R @3ELL
RETURN

»

5 INPUTS :NONE
s OUTPUTS: NONE
t

;
5SUPPORT SUBROUTINES
H DELAY
;CREATE POINTER TABLE ENTRY
« LNT BELL
+ZXTD DELAY

«ZREL

H

SELL: SEL!
« JREL

SELI: STA 3, 5zZDB2
5TA 2.5EDO+]
STA 1, SEDB+:2
STa 2.SED@+3
LDA BaSEDI
DOAS B.TTO
JSH @DELAY
JSR @DELAY
J3R @DELAY
S{PBZ TTO
JiiP =1
LDA @, SED2+3
LDA 1, S=2D@+2
LDA 2,5EDB+ !
JiP €SED@

SED@: «3LK 4
SEDl: 2aT7

« ENL



5THIS S

Ed

JWHERE LACHd FILLD
JAND IS STORED AS A BINARY

DATE

UBINOUTINE OZTAINS THE DATE IN THE FORMAT
MCONTH/DAY /YEAR

AN AUTOINCREMENTING LOCATION

FJEXIST.

2’

SiL2:

IS A 2 DISIT INTEGER
JALUE.

“TAELE"

YALUE

MuUusT

THE DATE 7ILL EE STORED INDIRECTLY
;s THROUGH "TADLE"™

JSh
RETRN

TXTOT
CRLF
GETNUM
ChQuT
ERIOR

CALLING SLEQUENCE

@CATE

SUPPORT SUBEROUTIIES

POINTER TABLE ENTRY

«ENT
«=XTD
«ZDEL
SIL1
<R EL

sTa
STA
STa
STA
JSR
JSR
SIT1
LDA
LDA
J30
JIP
STA
LDA
JIR
LDA
LDA
JSR
JAF
STA
LDA
JSR
LDa
LDA
JSR
J.IP
STA
LDA
LDA
LDA
LDA

DATE

TXTOTsCRLF.ERRORLGETN M. TAE‘-LEf CHOUT

3,5ILC2
2,SIDB+!
1.51D0%+2
3.S1DB+3
eCELF
@TXTOT

d.51L02
1.5124
@3 ETNUY
SIL3

Pa cTAZLE
BaSIOT7
eCh0UT

"1.51D6

E3ILTNUH
S1L4

P« GTABLE
2.,51D7
eciiciuT
B.S1D2
1.S1ICS
@ZETNTM
SILS

@a ETASLE
PaSIDBLS
1,53158+2
2.,5128+1
3.S51D6

3 STORE

INVIZONHMENT

3PRIJT RUESTION

;L0sD
5L0s3D
; 0=TA

# Or DISITS

ALITNNH

1) MOJTH

TALUE

JERNOR.RETURN HERE
3STORZ MOWTH
3L 06D CHACTER "/

;LOAT
;L0AD
3 0BTA

# QF DI
A

113 DAY

-3 ERRO2,RETURN

3 STORE DAY

;LOAL
3L 04D

Lk 0 21
AAXINATIM

;0BTAIN YZILAR
3 ERROR.RETURYN
3 STORE YEAR
SJRESTORE EZNVIT QIMENT

JITS
FOR DAY

Bl TS

YEAL

:{ERE

FOR

UALUE

S ONTH
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SIL5:
SIL4:
SIL3:

3 DATA
SIDu:
SIDl:
SID2:
SID3:
SID4:
SID5:
SIC6:
SIoT:
SIT!:

31l.
857
« THT
« LMD

99

esibe
TASLE
TABLE
EERROR
SIL2

4 SENVIRONMENT STORAZE
iMAX # COF DIGITS

JHAXIMUM MONTH VALUE
JMAYINMUM YEAR VALUE

sMANIAUM DAY VALUE

s CHARACTER "/

&DATE (MONTH/DAY /YEAR) R



e

sTHIS SJUBROUTINE OBTAINS & 3CD

-~
.

JFROM THE TTY.

5UP TO 4 BCD DIGITS IN LEN3TH (MAX=

ETN UM

100

HWUMBER

VALUES ATE POSITIVE AND

JTHEN THE ECD VALUE IS

JIN ACE

L1}

INPUTS:

s OUTPUTS

.
2
.
k4
.
e
.
Ed
»
.
>

;s CALLING

SJL6:

SJL4:

ACH

SEQUEN
JSE
RETURN
N G2HMAL

POINTER

«ENT
- EXTD
«ZEEL
SJL1
«REL

STA
STA
STa
STA
STA
sSUBZ
JSR
JSR
LDA
SUBZ#
JiH?
LDA
SU3ZE
JuAP
LDA
AUD

DSZ
JAP
ALDD
STa
LDA
STA
S1IB
J5SR
JIR
I52
J.iP
MGJZ
JUiP

999)

CONVERTED TO BINARY AND RETURNED

NUMBER OF LDIGITS

AC1

ACZ

CE

B3 ZTNUM
IF ERnOD
RETURN

MAX IYIUM
MINIMUM

VALUE

VALUE I35 €
(A BINARY EZQUAL TO 3CD YALUE
READ 1)

NUMBER

TABLE ENTRY

GETNUY

CREAD, CHOUT

32 SJDB
2.5JC00+1
1.5JD0+2
2,5JD8+3
@sSJDI
2.2
@CREAD
@CHOUT
1.5JD3
1.2,5ZC
SJL3
1.5JD02
1.8, S4C
SJL 3
1,5JDB7
1.2

SJo1
SJLe
B.2
2.5JD6
2.5JD4
2.54D1
2.2
SJL5
SJL7
SJD1
SJL4
243

SJLB

3 STORE ENVIRONMENT

JSTORE DISIT # COUNT
3 CLEAR ACZ

JGEZT & CHARACTER
JECHC IT
JGET MAX
5 SXIP IF

LIMIT
READ IXN

Ciia=
MAN>THAT

LIAIT
THAT TREAD 17

3GET MININMUM CHAR
3SH{IP IF MIN <OR=
3 INCORRECT INPUT
3JGET CHARACTER MASH

3 0BTAI: OCTAL EQUIYJALENT

35 0F THZ CHARACTER

3 DECEEMENT 4 OF DIGITS

JSHIFT LEFT 4 BITS FOR NEXT INPUT
;WAS LAST DIGIT.SC ADD IT TO 5UM

3 STORE RESULT IN TEMPORARY LOCATICN
5LOAD COUNTER (# BCD DIZITS MAX)
3STORE IN COUNTER LOCATICN

3CLEAY AC2 FOR RESULT REGI=TER

JGET DISGIT
JMULTIPLY SUM
3DONE YZT?
3NO
SRESULT

2Y 1Z AMD &DD 2IGIT

TO0 4CC2., CLEAR CAPRY
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SJL5: LDA 1,5JD4 sLOAD LOOP COUNTER
STA 1,5JD5 JSTORE IT FOR USE
LDA 1.SJD6 ;L0OAD THE VALUE TO BE CCNVERTED
; TO BINARY
SuB 0.0 s CLEAL. ACP?
MOVZL 1.1 sSHIFT GUT & BIT
MOVL B. 0 JMOVE THE BIT TO ACE
ISZ SJD5 JINCREMENT LOOP CCUNTER AND
JilP =3 JLOOP TILL A& DIGIT SHIFTED TO AC@
STA 1, SJD6 3 STORE CURRENT "TORD
JUP 8.3 s RETURN
SJL7: MOUVZL 2.1 SN*2
MOVZL 1,1 IN*4
ADD 2.1 JN*5
MOVZL 1.2 FN*k1Z
ADD 2,2 SN%1Z+4C0
JUIP 8.3 3JRETURN
SJL2: MCGUVZL 8.8 3SHIFT LEFT 4 PLACES
MOVZL 0.8
MCOVZIL B.3
MOVZIL B.2
ADD Ba2 3FORM RESULT 1IN AC2
JUP SJL6 3CONTINUE
SJL8: LDA 1.SJDB+2 ;TEST RESULT AGAINST MAXINUM
SIBZ# @a.1.5ZC 3SKIP IF MAX<VALUE
I1SZ 5JD@ 3 IIICREMENT RETURN ADDRESS.
54L3: LDA 3. 5J06
LDA 2.,5SJDB1 ]
LDA 1,5JD3+2
JAP 854D JRETURN
SJDG: «SLK 4
SJD1: @ 3LOOP COUNTER OF # OF DI3ZITS READ 11
SJdu2: 66e JMINIAUM CHARACTER
SJC3¢ 271 JMAYINTIM CHADRACTER
SJdD4a: -4 sCCUNTER
5JD3: g S TEMPORARY COUNTER
5JD6: @ 3 TEMPORARY LOCATION
SJuT 177 3 CHARACTER 1MASX FOR ASCII TO CCTAL

«ZND
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TIME
JTHIS SUBROUTINE OBTAINS THE TIME 1N THE FORMAT:
; HOURS /4INUTES/SZCONDS

JEACH FIELD MUST BE A TWO DIGIT INTEGER VALUE AND
51S STORED AS A BINARY VALUE.

;AN AUTOINCRENTING LOCATION LABELED "TABLE"
;MUST EXSTe THE TIME IS STORED INDIRECTLY
;THROUGH THIS LOCATION. “TABLE" MUST CONTAIN THE
5ADDRESS OF WHERE THE TIME IS TO BE STORED.

;

5 INPUTS :NOWE

;

5 OUTPUTS : NONE

H

5CALLING SEQUENCE

; JSR @TIHE

; RETJRN

e o

SUPPORT SUBROUTINES
GETNUHM
EREOR
TRTOT
CELF

L 1)

LT

e o Wwe wa

e

;CREATE POINTER TABLE ENTRY
o EXTD CRLF;TXTOT;GETNUM;ERRORfTASLE

L

«ZREL
TI¥ME: SLL1
«JREL
2
SLL1: S5TA 3. SLD3 3 STORE THE ENVIROWHENT
STA 2,5LD@+1
STA 1.5LD2+2
. STa @.5LDB+3
SLL2: J5R @CLLF
JSE e@TXTOT 3A3 FOR TIME INPUT
SLTI
LDA B.5LDI sLO&D ¥ OF BCD DISITS TO ZE TEAD 1
LDA 1.5LD2 ;L0AD iiaX OF HOUJRS
JSR 25 = TNUM 3 0ZTAIN THE HOURS
JiP SLL3 JRETURN HERE IF ERROR
STA G, @TASLE 3STORE HQURS
JSP TXTOT
SLTZ2
LDA 2,5LD1 3L0AD # OF 3SCD DIZITS TO 2E READ 1IN
LDA 1,5LD3 JL0AD ¥MAX OF MINUTES
JSR G5 ETNUM ;0BTAIN THE MINUTES
JMP SLLS5 JRETURN HERE IF ERROR
STA @.@TABLE 3 STORE “4INUTES
JSR eTXT OT
SLT2 :
LDA G.SLDI 5LOAE # OF 3CD DIZITS TO TE TEAD IX
LDaA  1,5LD3 3L0sD 4a OF SECONDS

JEER e3ZTNUM ; 0BTAIY THE SECOQONDS



SLL4g:
SLL5:
SLL3:

; DATA
SLD@:
SLDl!l:
SLD2:
SLD3:
SLT1:
SLT2:

JoiP
STA
LDA
LDA
LDA
LDaAa
JHP
DSz
DSZ
JSR
JIP

«ELK

24
59.
o TX
«TXT
« END
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SLL4 JRETURN HERE IF ERRO™

B, @TABLE JSTORE SZCONDS

3, SLDB JRESTORE LENVIRONMENT

2,S5LDB+!

1.SLDG@+2

B, SLDB+3

eSLD& s RETURN

TASLE

TAELE

@ERROR

SLL2

4 JENVIRONMENT STORAGE
3JNO OF BCD CHARACTER TO ZE O3BTALNED
sMAX HOURS

sMAX SECOXDSL.MINUTES
&TIAE (HOW?S/ﬂlNUTES/SECONDS) &
* /%



STIIME 10%

STHIS SUBDOUTIWE OsTAINS THE TIVME BETWEEN

sDATA AQUISITION SEQJENCES DESIRED BY THE

;USER.

JTHE TIME IS A DOJBLE PRECISION

;BINARY VALUE. THE 4 0DULO 68 OF THEZ HO,MIN.SEC ENTERED
3IS FOUND IN LOCATIONS STMEH.STMEL. '

INPUTS:NONE
0 TPUTS: NONE
CALLING SEQUENCE

JSR @sTIME
RETURHN

e Ve us W e e Ve W Wwe s W

; SUPPORT SUBROUTINES

; TXTOT

: TIME

: MULT,MUL TA
3 CRLF’

JAUTOINCREMINTING LOCATICN "TABLE"
sAND LOY CORE LOCATICIS STHMEH.STMEL HMUST
;B= PROVIDED Il THE POINTER TASLE.

2

sCREATE POINTER TASLE ENTRY
«ZNT STIME,HOURS.HMIM, SEC
.EXTD CRLF.TXTOT, TIME,MULT,HMULTA
«EXTD TASLE,STMEH.STMEL '

e LI EL
STIixEs: SiiLl 3 SUBROUTINE TO READ TIHE INTERVAL
HOURS: 2 3STOREAGE FOR INTERVAL HCURS
ML B }STORAZE FO= INTERVAL MINUTES
SEC: @ 3STORAGE FOR INTERVAL SECONDS
«NREL
H
Sl S5TA 3, SMiD3 3 STORE ENVIRONMENT
STA 2,85i032+1
STA 1.511D2+2
STA B,SriD@+3
LDA P+ TARLE JCHANGE TABLE TO
STA 2, S54D1 H POINT
LDA B, 35:02 H TO
STA 3. TAGLE ;LOCATIONS IN THIS SUBTOUTINE
JSR ECRLF
J S eTHTOT 3 OUTPUT ¥ESSASE
STl
J50 eTliiic 3 03TAIN THE TIHE
LDA %.5i1D3+2 sL0OAD THE SECONDS
STA @s SEC
LDA 1,Si1D3+1 ;L0AD THE MINUTES
STA 1,410
LDA 2,51D5 ;jL0AD 4IN MULTIPLIER OF 50
JSI elLIUILTA JFORM SEC + (MINx%53)
MoV 1.2 ;MOVE LOW O0O2DER TO ACEZ
L DA 1,5MD3 ~ sLOAD HCURS

STA 1. AGJIRS



; DATA
SMDe s
SiviDl:
SMD2:
SiHD3:
Si1D4:
SiD5:
SHT1:

LDA
JSO
STa
STA
LDA
STA
LDA
LDA
LDA
LDA
JUP

« LK

SiiD2
«BLK
3620,
6% e

«TRT
« END

2.,50MMD4
eULTA
@, STMEH
1.5TMEL
B. SMDI
@. TAZLE
3: S:1DB
2.5MDA+ 1]
1.5MDB+2
B, 51DB+3
esMbDe

4
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JLOAD {OUR5S HULTIPLIER OF 36%%2
JFORM (SEC + (MIN*60)) + (HRS5*x26#8)
JSTORE ({154 ORDER OF RESULT

JSTORE LOW CRDER CF RESULT
JRESTORE OZIGINAL POINTER IN
3LOCATION "TAZLE"

JRESTORZ THE ENYVIDNONMENT

SRETURN

s ENVIRONMENT STORASE

3 TEMPORARY STORAGE

3ADDRESS OF TIME STORAGE BLOCK - 1
TIME STORAGE BLOCH

sHOURS HMULTIPLIER

JMINUTES MULTIPLIZR

/DATA ACAQUISITICI] SEAUENCE INTERVAL /



MULT (AC1*AC2)
JNAME: HMWTA

JVALUES IN ACI
s INPUT: ACl
AC2

OUTPUT ACB
ACl

T TR T T

SIVE ACZ

s s

3CALLING SZQUEN
; J5SR

H RETURN
5 OR

; JSR

3 RLTURN
’

JCREATE POINTER
«ENT
« ZREL
MUWT: SHL1
MULTA: SWL2
«NREL

SHNL1: SuUBC

SHL2: 5TA
LDA

SHWL3:s MOVR
MOVR
ADDER
1:C
JUIP
MOVCR
LDA
JuP

3 DATA

SKNDBs 7]

SnDl: -23

« ZND

NCTE THAT ENTRY
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(ACG¥(AC1%AC2))

STHIS SUBROUTINE HMULTIPLIES THE SI{SLE PRECISION BINARY
AND AC2 TOSHETHER. THE RESULT IS RETURNED
JWITH HIGH ORDER IN AC% AND LOW OSDER IN ACl.

MULTIPLIER
MULTIPLICAND

HIGH OFPDER

OF RESULT

LOV ORDER OF RESULT

AT SHL2

WILL

+ C(AC1xAC2).

Cz
equLT

€. IULTA

3 CACl1=AC2)

SACZ + (AC1xAC2)

TA3LE ENTRY

MUL T« MULTA

Bad

3., 549D2
3, S4Dl1
1.1.54C
BaBas SKP
2,08
3534 5IR
SHJL3
1.1

3. S D&
eSS DG

sCLEAR £C3Z, AND DO NOT DISTURB CARRY
$STORE RETURN ADDRESS

;LOOP COUNTER INTO AC3

3CAECA NEXT MULTIPLIZR BIT

30,JUST SHIFT

31,ADD MULTIPLICAYD AND SEIFT

3CAECK FOR 16TH TIME TH™ OUGH
;NO0,CONTINUE

3YES,SHIFT LAST LOW BIT

3RESTORE AC3

3 TEAP ORARY LOCATION
;-15 13y CECIIHAL, LOOP COUNTER



ERROR
5THIS SUBROJTINE DECREMENTS THE ERROR COUNT
JA MAYIATM OF N LELRRORS CAN OCCUR.
JTHE MAXINUM IS STORED IN LOCATION
SUERCHT™ )
;1F ERCHT=0 THEN RETURN CONTROL TO DMS

JINPUTS:NONZ

’

s OUTPUTS: NME
;

sCALLING SEQUENCE

3 JSR @ZRROR
; RETURN

H

3SUPPORT SUBROUTINES
; TXTOT

; C3aLF

; RDHMS

; BELL

;

JCEEATE POINTER TABLE ENTRY

«ENT ERR CD
«EXTD TXTOT,CNLF.RDMS,BELL

«ZREL

ERROR: SOL1

ERCNT: 5 $MAYIIUM NUMBER OF ENTRY ERRORS
«NREL

;

SOL1: STA 3. 5008 JSTORE ENVIEONMENT
DS5Z ERCWT
JuiP «¥5
JSR @CRLF
JSR eTXTOT
SOTl 3 OUTPUT H4ES3SA3E
JAP eRDMS 3RETURN TO DS
JSR @3ELL JBLOW THE "HISTLE CNCE
LDA 3.50D8 ;MESTORE EZNVIRONMENT
JuiP 23050 JRETURA

;DATA

SUD@: 4] JENVIZONGENT STORAGE

5QTL: «THT /.i6X1:4UM NUMBER CF ENTRY ERR ORS EXCEEDED/

«ZND
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3

sCALLING SEQUENCE:

H J53 esfiiP
H RETURN
JINPUTS :NQNZ

3

s OUTPUTS: NCGIE
;SJPPORT SUBROUTINES
; CRLF

; TATOT

; G ETNUM

H

5 CREATE POINTER TABLE ENTRY

« ENT SAMP
« 2XTD CRLF4+ ERRCE, TXTOT,GETNUM., RDMS., SAMNU

«ZREL
S&4Ps SPL1
«JREL
Ll
S5PL1: STA 3, SPDB 3STORE ENVIRONMENT
STA 2,SPDB¢+1
STA 1,5PDB+2
STa 0. SPDO+3
J3R @CRLF
JSR 8TXTOT
SPTI JASX FOR # OF SAMPLES
LDA 2. SPDI1 3L0oAD # OF DISITS
LDA 1,5PD2 ;L04D MAXIMUM VALUE
J3R @3LCTNUM 3 0OBTAIN #0OF SAMPLES
JiP SPL2 3 ERROR
MoV 8.,1,54R $STEST IF AS ZERO
JAP @R DMS 3WAS ZERO0.S0 ARUIT
5TA 1.S&40U 3 STORE # OF SANMPLES
LDA 3. 5P D@ 3RESTORE EZNVIRN OJUMENT
LDA 2,.5PD@+1
LDA 1.SPDB+2
LDA Pa. SFDG+3
JHP g5PD3 3 RETURN
SPL2: JSR @ERROR 3PROCESS ENTRY OR LIMIT ERROR
J:iP =20 '
;s DATA
SPDB: «ELK 4
SPD!L: 3 3NUMEER OF DIGITS
SPD2: 180 3MAYINMUM INPUT FOR # OF DATA 4CT311SITION TECORDS
SPTI1: «TX & IUMBER OF SAMPLES DESITED ¢ &

« ENT
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DATAR
5;TAHAIS SUBUOUTIWNE READS THL DATA FROM
;s THE INTERFACL '
"« ENT DATAR
« 2XTD TAZLE

«ZREL

DATAR: S53LI
«NREL

SAL1: STa 3, SRD@
LDA 2,SRD2
LDA 1.5ED1
NIOC 67
NIOC 63
IORST
NIQS 63
SKPDN 63
JiP -1
DIAS B.53
STA @.@TASLE
NIOS 67
SKPDN 67
JHP -1
DIAS Ba57
STA +8TASLE
INC 2,24 SZF
JiHP «=5
LDA 2, SRD2
INC 1,1,52ZR
JiIP «=15
JiP @5RDy

SRD@: ]

STDl: =64,

SRD2: -53.

«ENL
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ABSTRACT

This thesis describes the design, Iimplementation, and
use of a speclial-purpose data acqisition Interface which
controls the transfer of binary coded decimal values
representing the Integral of the radar video signals 1In a
sector of an annulus of side one-half mile and angle 5.625
degrees from the radar to the computer. This thesis is also
intended to be used as an operating manual and to provide
assistance for maintenance.  Included is the theory of
operation of the Interface,a description of the interface
signals that are generated from the other parts of the
system and a description of how to use the assocliated
interface control program,

A brief discussion is given on future uses of the data

collected by this Interface.



