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A REAL-TIME RADAR INTERFACE FOR AFOS

Mark Mathewson
Scientific Services Divison

I. INTRODUCTION

Real-time radar data is very important in flash flood and severe
thunderstorms situations. Without a computer monitoring the radar, the
forecaster has to waste valuable time in either going to look at the radar
or calling the radar operator on the phone. At some places, the fore-
caster just doesn't have time to check the radar and therefore, the
forecasts are not as reliable as they could be. A prototype computer
radar system has been developed to test the feasibility of an inexpensive
real-time radar tool.

This technical memorandum describes the software interface between a
WSR-74C weather radar and AFOS. By using a Nova3l2 mini-computer as the
interface device, real-time displays can be made available to forecasters
on AFOS. :

The hardware interface between the WSR-74C radar and Nova3l2 has been
described in detail.  Schematics and waveform diagrams have been included.
The software description is also supplemented by flowcharts and tables.

The appendix contains program listings, MDB interface board descriptions
and schematics, and examples of AFOS-radar output.

II. HARDWARE
A. Hardware Description - General

Real-time radar displays can be made for AFOS using almost any Data
General mini-computer with 16K of memory with the addition of a special
radar interface board. For this experiment, a Nova3l2 mini-computer
equipped with 16K of memory and dual floppy disk drives was used success-
fully. The radar interface board contains all the circuitry necessary to
transfer the radar data, radar status indicators, and antenna position
from the WSR-74C radar to the Nova series computer. The circuit resides
on one Data General compatible general input/output board. The board was
purchased with the register and data channel options from MDB Systems
Inc. for an approximate price of $800. Some additional circuitry was
necessary to interface the radar to the MDB board. The technical specifi-
cations and schematics for the MDB board have been included in the
appendix.

About $50 of components were added to the board to interface the radar.
A radar simulator circuit was also constructed on the board to provide
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FIGURE 3

Device Code = 25 octal
Mask Out Bit = 1

Input/Output Instructions:

DIA
DIB
DIC
DOA
DOB
DOC

reads
reads
reads
loads
loads
loads

azimuth

status and elevation
memory address register
memory address register
word count register

output register ‘bit 15=0 xmit interrupts
bit 15=1 zmit interrupts

bit values for DIA and DIB:
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200 100 80 40 20 10
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where: a=Test Mode Monitor

b=IF Attenuator Momnitor
c=Range Interval Monitor

d=Time Sample Monitor
e=STC Monitor

Command Instructions:

S
C
P

starts DMA transfer

clears interrupt request and stops DMA transfer

disables xmit interrupts

9 10 11
4- 2 1
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test signals during the hardware/software development stage. Radar
intensity data is transferred using the processor-independent direct-
memory-access method and the antenna and status information is transferred
by the conventional processor-controlled input/output routines.

Two 50-pia ribbon connectors are available on the board and have been
wired for radar input and simulator output. By installing a jumper cable
between the two connectors, the system can be tested using the simulator.

B. WSR-74C Radar Signals

The Enterprise WSR-74C radar incorporates a digital video integrator
processor (DVIP) which converts the radar return (from the form of wvideo) -
into a digitized format compatible with computer systems. The DVIP incor-
porates a intricate scheme to average the data both over range and azimuth
to effectively reduce the noise to better the 2db. This integrated output
is available as a eight-bit word at a comnnector on ‘the rear panel of the
radar.

The DVIP also has several control signals available to the user. One of
these is the data ready line. It informs the computer that the data appear-
ing on the data lines is valid. The DVIP is capable of operating with
either range gates of one or two kilometers (one or two kilometer resolution)
selectable by a front panel switch. Hence, new data will appear every one
or two kilometers on the data lines and the data ready line will inform the
user when to read the data. The DVIP outputs data between the ranges of
21 kilometers and 450 kilometers.

.The master sync line is also available from the radar, also called the
transmit pulse, it synchronizes the radar system timers which convert echo
return time into range. It can also be used to indicate the beginning of
a new data scan. The transmit pulse rate is approximately 259 hz.

Other control signals from the DVIP are the switch momitors: IF Attenuators,
S5TC, Time Sample, Test Mode, and Range Interval. These lines simply indi-
cate the positioning of the switches on the radar. :

The antenna position signals are derived from two separate but identical
units; the azimuth from the PPI section, and the elevation from the RHI
section. Each unit contains a synchro-to-digital converter which senses the
antenna position by using the synchro lines and outputs the results as a
14-bit BCD word.

In summary, the following signals are available for an external user:

8 data lines

data ready line

master sync line (xmit)
STC monitor

Range Interval monitor
Test Mode monitor

-5—



..FIGURE 4 WSR-74C S1GNALS

Bit values for BCD antenna info:mation

Bit Value Bit ' Value
0 .1 deg. 7 8 deg.
1 2 deg. 8 10 deg.
2 .4 deg. 9 » 20 deg.
3 .8 deg. 10 40 deg.
4 1.0 deg. 11 80 deg.
5 2.0 deg. 12 100 deg.
6 4.0 deg. i3 200 deg.

Signal levels for monitor functioms

Signal ‘ Signal at OV Signal at 5V
STC Off On
Time Sample 15 31
Test Mode On Off
Range Interval 2 km, 1 km.
IF Attenuators Off ) On
Data 0 1
Antenna Pos. o 1

Signal pin connections on rear panel connector (1J2 WSR74-C)

Pin . Signal Pin Signal ‘ Pin Signal

A shield gnd \Y elevation 100 P data return 3

B azimuth .1 W elevation 80 q data 3

C azimuth .2 X elevation 40 r data return 4

D azimuth .4 Y elevation 20 s data 4

E azimuth .8 Z elevation 10 t data return

F azimuth 1 a elevation 8 u data 5

G azimuth 2 b elevation 4 v data return 6

H azimuth 4 c elevation 2 w data return 6

J - azimuth 8 d elevation 1 X data return 7

K azimuth 10 e elevation .8 y data 7

L azimuth 20 £ eelvation .4 z data 8

M azimuth 40 g elevation .2 aa data return 8

N azimuth 80 h elevation .1 "bb data ready ocut

)3 azimuth 100 hh converter busy - elev cc time sample

R azimuth 200 3 data return 1 dd range interv

S azimuth data gnd k data 1 (1lst) ee stc monitor

T elevation data ret. m data return 2 £f test mode monitor
U elevation 200 n data 2 I IF attn bypass

gg converter busy azimr*h .
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Time Sample monitor

IF Attenuator monitor

14 Azimuth position lines
14 Elevation position lines

All signals except for the xmit line have TTL open-collector outputs and
require pull-up resistors. The xmit line is not TTL and requires voltage
reduction to interface with TTL logic. -

- C. Radar Simulator

A radar simulator was constructed on the radar interface board to assist
in hardware/software development. The simulator consists of a series of
integrated circuit timers used to duplicate the radar output signals from
the WSR-74C radar.

The simulator comnsists of two parts: the antenna signal generator and
the data signal generator. The artenna portion simulates only the azimuth
portion; however, the azimuth and elevation lines are paralled for test
purposes. The heart of the system is the Sylvania 978 dual timer integrated
circuit. The 978 is a very versatile timing chip capable of providing
monostable (one-shot) and astable (free-running) pulse trains ranging from
periods of nanoseconds to minutes.

The 978 for the antenna simulator is connected in an astable configuration
providing a continuous stream of pulses at a frequency of 180 hz. The
square wave -output is input to a string of four BCD (binary-coded decimal)
counters which have an ultimate capacity of 9999. However, a four-input AND
gate is connected such that the counters will reset to zero whenever 3600
is reached. (3600=360 degrees) Each counter functions as either the .1,
1., 10, or 100 degree digit. The frequency of 180 hz. is equivalent to 18
degrees/second antenna rotation rate, or three rpm which is the standard
radar rotation rate.

The other portion of the simulator provides the data signals. It uses the
same type of timer (Sylvania 978) as the antenna simulator. Three timers
are used, two in the astable mode and one in the monostable mode. The
timers are labeled the xmit, delay, and data ready timers.

The xmit astable in conjunction with an inverter produces a xmit pulse
which duplicates the WSR-74C master synchronization pulse. It has a repe-
tition frequency of approximately 250 hz which is similar to the radar
PRF (pulse repetition frequency) of 259 hz.

The data ready astable produces the data ready pulses which also is very
similar to the radar data ready pulse. The cycle time for this timer is
6.6 microseconds. In addition, this timer drives an 8-bit counter used for
providing a test ramp of data.

The monostable delay timer is triggered by the xmit astable 250 times per
second and forces the data ready pusles to stop for 120 microseconds. This
delay accounts for the absence of data for the first 20 kilometers.

.



FiGure 5 WSR-74C RADAR WAVEFORMS
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FIGuRE 6  RADAR SIMULATOR - DATA PORTION
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FiGUrRe 7 RADAR ANTENNA SIMULATOR
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The combination of the three timers and the eight-bit timer with the
antenna simulator provide all the necessary signals for hardware/scftware
program development without the need of an operational WSR-74C radar.

A 50-pin ribbon connector is installed on the interface board allowing
the simulator signals to be connected to the computer via a ribbon jumper
cable.

D. Radar Interface - Antenna and Status

The antenna position and status information are read into the computer in
the conventional processor-controlled mode by issuing input/output instruc-
tions. The interface board responds to the command DIA ac,25 (ac=accumulator
0, 1, 2, or 3) to obtain the azimuth information and to the command DIB
ac,25 to obtain the elevation and status information. Each input 'line from
the radar is connected to a 610 ohm pull-up resistor and one input of a two-
input NAND gate. The second input to the NAND gate (called the enable input)
is connected to the MDB board control line DIA (data in-register A) or DIB
(data in-register B).

data
computer bus
enable

When the enable input goes high (becomes active) by executing the appro-
priate instruction, the data on the radar line is put on the computer bus
and stored in ome of the processor accumulators.

Sixteen two-input NAND gates form a 16~bit register and two registers are
used; one for the azimuth information and one for the elevation and status
information.

E. Radar Interface - Interrupts

The interrupt control on the interface board has been wired to allow for
two different events to cause an interrupt. The first is a transmit interrupt
(XMIT) and the second is a DMA transfer finished (DONE) interrupt.

For either event, an interrupt request is generated when pin X9 on the
interface board goes high. This signal is latched and an interrupt is
generated when the computer is ready. The DONE interrupt request is gener-
ated when the MDB Done flip-flop is set. In the radar design, the Done
flip~flop can only be set when the DMA transfer has completed. The DONE
interrupt is used to inform the collection program that data has been
received and processing may begin.

The XMIT interrupt request is generated when a transmit signal has been
received and XMIT interrupt enable is active. The transmit signal is always
being received at 259 hz when the radar is operating. Therefore, XMIT
interrupts can only be generated by enabling them by setting bit 15 to omne
in the output register. The instruction DOC ac,25 can be used to enable

-11-



FIGURE 8 AzimutH, ELEVATION, AND STATUS INTERFACE
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interrupts and either a RESET or NIOP can be used to disable XMIT )
_interrupts. The XMIT interrupt is used to synchronize the radar collection
program.

F. Radar Interface - Byte Packing Logic

The Nova3l2 computer works on 1l6-bit data words and the radar uses 8-bit
data words. In order to maximize the efficiency of the computer, it is
necessary to incorporate byte packing logic. The logic _reads in two 8-bit
words from the radar and stores them as one 16-bit word. The 8-bit inputs
are connected in parallel to both the low and high order bytes of the MDB
input register. Hence, by activating either the load low (Y130) or load
high (X110) line, either byte can be loaded with the 8-bit radar data. The
radar generated data ready line clocks a J-K flip-flop to alternatively
load each byte. The XMIT pulse resets the flip-flop to assure correct
loading of the first byte. The two-input NAND gates alternatively activate
the load lines when data is_ready to be transferred. The CLK DSYNC (X135)
signal is generated at the Q output of the flip-flop. This signal requests
a DMA data transfer (data channel Fequest) after every two bytes are loaded.

G. Radar Interface - Data Chammnel

The data channel mode is used to transfer the radar intensity data to the
‘computer memory without any processor intervention. The radar data arrives
at the interface board every 6.6 microseconds making it impossible to
sample data by the conventional means of input/output instructioms. To
initiate a data channel transfer, the programmer must load the word count
register with the number of words to be transferred, the memory address
register with the starting location of the tramsfer, and set the start flag.
The data is automatically transferred word-by-word as the CLK DSYNC (X135)
line is pulsed.

The memory address register is wired to increment by one after each word
transfer. Hence, the data is written into sequential memory locations as
the transfer progresses.

The word counter register is also wired to increment after each transfer.
A zero count detector is used to detect when the register is equal to zero
(transfer is finished). The zero count detector terminates all further data
channel requests by clearing the BUSY and setting the DONE flip~-£flops.
This action also generates an interrupt request.

Data channel transfer requests are only honored when the BUSY flip~£flop

is set. It can be set by sending the "S" (Start) instruction. Termination
of data channel requests occur-when the word count register reaches. zero.

14~



Ficure 10 ByTe Packing Logic
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FiGure 11  DaTta CHANNEL CircUIT
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Fieure 12 INPUT DATA REGISTER CIRCUIT

‘ Input data reg bit

Data 1 @
] Input data reg bit
28l  Tpput data reg bit
Data 2 [39] |
’ Input data reg bit
—{xd Input data reg bit
Data 3 @ .
‘f—{viil] Input data reg bit
Input data reg bit
Date 4 [34]
Input data reg bit
Input data reg bit
Data 5 ]35}
' Input data reg bit
‘ Input data reg bit
Data 6 [=zg] -
t——T{x3g] Input data reg bit
! —Tval Input data reg bit 9
Data 7 [4o _
- Le—fxie] Input data reg bit
‘ {vizd Input data reg bit
Data 8 (42}
| ¥a9] Input data reg bit

Note: Radar data 1 is LSB (least significant bit)
‘DCC idata 15 is LSB
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‘III. SOFIWARE
A. Software - Overview

A series of DGC Assembler and DGC Fortran IV programs have been developed
to collect radar data, process the data, and to display the data. 1In the
present version, the programs produce a file of AFOS compatible graphic
instructions that display radar intensities on a grid using alpha-numeric
characters. A county map background centered around the radar site is also
displayed. The various programs are summarized below:

1. Radarlog - An assembler program which collects the raw radar
data in polar, coordinates and stores it on floppy disk.

2. Grid - A Fortran program which converts the collected radar
data into rectangular coordinates and stores it in a grid
format. The grid is stored as four quadrants on floppy disk.

3. Graph - A Fortran program which converts the gridded data into
AFOS graphics commands and stores them on floppy disk.

4. Parameter - A Fortran program which produces a parameter file.
The user has control over items such as resolution, range
blanking, threshold levels, etc. This program is only run
when parameters must be changed.

5. Control - A Fortran control program which automatically calls
the collection, grid, and graph programs at a parameter
spécified interval,

6. Mapmake - A Fortran program designed to be run on a IBM 360/168
computer. The program produces a file of coordinates for the
county map background. A second Fortran program runs on the
DGC and converts the coordinates into graphic instructioms.

In operational status, the operator would run the control program. The
system would automatically schedule the observations and rum the grid and
graph programs. The control program also sends the fimal product to AFOS
by means of a teletype line, '

B. Software - Radarlog

The radarlog program's main task is to collect one revolution of radar
data and store it on floppy disk. The data is stored in polar coordinates
in file radardata. File radardata is a contiguous file containing 180
blocks. The program is organized in three separate sections: variable
declaration and initialization, program code, and data buffers. The
variable declaration and initialization portion contain the buffer pointers,
constants, and collection parameters. The data buffer section contain the
4096 word data buffer area.

-18-



Ficure 13

Each block has the same format:
File is 180 blocks in length.

Location in block

Octal Decimal

163
164
165

177

Second portion of block repeats

Azimuth:
Bit #
Elev
Status :

Cw~SIou WP O

'—-l

115 -
116
117

127

a

- - 200 100
0 1 2 3
b c d

a=test mode moni
b=1if attenuators
c=range interval
d=time sample
e=stc monitor

Parameter

Azimuth (BCD) in tenths
Status—-Elevation (BCD)
Month

Day

Hour

Minute

0

0

Data--Bin 0,1
Data--Bin 2.3
Data--Bin 4,5

Data--Last Bin
0
0

0

80 40 20 10 8 4

4 5 6. 7 8 9 10 11 12

- 40 20 10 8 4
e

tor - O=on, l=0ff
O=0ff,l=on
0=2km,1=1km
0=15,1=31
=off,l=on

-19-
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The radarlog program starts executing at label "START". Refer to the
flow charts for this program in the text and the program listing in the
appendix. The present time and date is obtained from system calls and
stored in memory. The stack pointer and frame pointer are initialized,
and the xmit interrupts disabled. The radardata file is opened on channel
three and the disk heads are positioned at the start of file. Certain
collection variables are initialized and all buffers are loaded with the
date and time header. '

Since the radar interrupt board was not sysgened and would be impossible
to do such, the program next executes the .IDEF command to inform the
system to accept radar interrupts. No radar interrupts occur at the present
time since xmit interrupts have been disabled (output register bit 15 is not
set). The program next waits in d loop labeled "AZO" waiting until the
antenna azimuth (obtained via a DIA 0,25 command) is equal to the start
collection azimuth (which is zero degrees). At this point, the program
enables XMIT radar interrupts to occur by setting bit 15 of the output
register with a DOC 0,25 command. The remainder of the collection program
is timed by interrupts. The main portion is put into a short routine
labeled "WAIT". Usually this routine simply jumps to itself and does nothing.
However, branches can be taken to a disk write routine or to the exit
routine depending on the contents of variable Flag. The variable Flag is
controlled by the interrupt scheme.

On radar interrupt, the system branches to the radar service routine
labeled "RADAR'". The done flag on the interface board is interrogated by
a SKPDN 25 instruction to determine whether the interrupt is caused by a
XMIT or DONE conditionm. :

In most cases, the interrupt was caused by a XMIT pulse. In this case,
the service routine jumps to label "XMIT" and servicing continues. The
present azimuth is read in and compared to the next azimuth desired. If
the present azimuth is less than the desired observation azimuth, the
interrupt scheme exits. If not, the memory address is calculated and loaded,
the word counter is loaded, and the DMA transfer is begun. During the DMA
transfer,the azimuth, status, and elevation are stored in the correct data
buffer, and the service routine exits. When the DMA tramnsfer is finished,
the DONE flag is activated and an interrupt requested.

If the imterrupt was caused by a DONE condition, the DMA process has
finished. The program jumps to label "DONE" and servicing commences. The
next desired azimuth is determined and converted to BCD for comparison
purposes. If the next azimuth is greater than 360.degrees, the interrupt
scheme exits to the "FINI1" routine. Every sixteenth DONE interrupt causes
the service routine to exit to the write-data-to-disk routine labeled
'""CONT'" and "WRT".

Each data scan requires a data buffer of 128 words or 1/2 disk block.
The disk write routine writes eight blocks at a time consisting of sixteen
data scans (every 16 degrees). By writing such a large block of data,
system overhead is substantially reduced. The "WRT" routine determines
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F1GURE 15  RADARLOG INTERRUPT SCHEME .
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~determines which group of 16 buffers to write to disk, executes the write
command, and then returns to the "WAIT" routine.

The finish routine is executed when a complete 360 degrees of data have
been taken. The last partially filled buffer is then written to disk, the
radar interrupts disabled, the data file is closed, and the system performs
a return from swap.

C. Software - Grid

The Grid program is used to comvert the data collected using the radarlog
program into a gridded data file. The grid is centered around the radar
site and consists of a 110 X 110 array with a resolution specified by the
parameter data file. The array is stored in a file named GRID in four quad-
rants, each comsisting of a 55 X 55 array. The main limitation on the array
size is caused by available memory which is the primary reason why the grid
is divided into quadrants.

The program begins by initializing certain variables and reading in
other variables from the stored data file. The grid array file is opened
and is zeroed. The radardata file is opened and data processing commences.

One block of data (two data scans) are read into memory, the azimuth
determined and the sin and cosine are calculated. The quadrant is determined
for that particular azimuth and if the quadrant is not memory-resident, the
quadrant change subroutine is called. Quadchg simply writes the memory-
resident quadrant to the grid file and reads the desired quadrant into
MEemory. : ‘

Processing continues by checking the status bits to determine the range
interval. If the range interval is one, the range for each sequential data
byte is updated by ome kilometer. If the interval is two, the data bytes
are updated in increments of two kilometers. The range interval is deter-
mined at collection time by a front panel switch om the WSR-74C DVIP.

The program next converts every data byte (in radar DB/2) into an
appropriate grid element is filled. TIf the calculated array element falls
outside the grid bounds, it is ignored. Also, if the calculated level is
less than the previous level in a particular element, the element is not
updated.

After the program has finished executing, a grid file (48-contiguous
blocks) has been created with maximum intensity information for each grid
box. It is compatible with the graphics generation package incorporated
in the GRAPH program.

D. Software - Graph

The Graph program converts the information contained in the parameter
file and the gridded data file to an AFOS-compatible graphics product.
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The program incorporates a block data subprogram which contained the
pre-assembled AFOS graphics instructions. This approach reduces the memory
requirements for graphics routines and decreases execution time by several
fold. ’

The main program begins by opening and reading several variables from
the radardata and parameter files. Some of the variables are converted
into ascii characters (using subroutine decasc) and stored in the pre-
assembled array. The second portion ot the program processes the intensity
data stored in the grid file. Variables that control the appearance of the
resultant product, such as scaling and centering, are initialized. The
grid file is opened and the intensity data is processed.

Each quadrant is read into memory from the grid file and the array is
searched for non-zero elements. If a non-zero level is detected, the AFOS
screen coordinates are calculated. If the coordinates lie on the screen,
it is plotted by adding the appropriate four-word instruction set to the

- graphics array.

When the graphics array reaches a length of 256 words, it is written
onto disk in file "NMCGPHRDR" and the array element count is reset.

Processing continues until all four quadrants have been analyzed. The
program then exits using a return from swap command.

The graphics file has been  assembled in UTF (Universal Transmission Format).
The only important requirements of UTF is that every 204k byte (end of trans-
mission) be replaced by a 20k,l4k sequence (delete, form feed), and every
20k byte (delete) be replaced by a 20k, 20k sequence. The pre-assembled
block data code has these changes already incorporated in it; however, in
the generation of the intensity code, the 204k or 20k byte can appear in
the X or Y screen coordinate imstruction. To greatly simplify matters,
several lines of code have been added to increment the coordinate by one if
the 203k or 20k byte appear.

AFOS requires a certain protocol for its graphics instructions. Refer
to the tables which details the format of the block data pre~format. The
first portion describes the AFOS data base name and is called the communi-
cation header. The graphics product definition comes next and describes
the coordinate system used. It states the maximum x and maximum y screen
coordinates. The block data subprogram contains code for drawing the box
around the screen. This is accomplished by using the relative vector
instruction. The alphanumerics are written by using the alphanumerics
instruction. :

Details on the code and subroutines can be obtained from the program
listings for making the map backgrounds. These programs were used in
version 1.0 of the graph program and were eliminated for efficiency sake.

The program terminates when all grid data has been analyzed and the
AFOS graphics file is complete.
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FIGURE 21 GrAPH BLock DATA SUBPROGRAM BREAKDOWN

""NMCGPHRDROOO* Communications Header—--AF0S data base name
-1,-1,2400k ]

140400k Graphics Product Definiation

0 geography scale (not used)

10000k © maximum i coordinate

6000k maximum j coordinate

0 day-month-~year (not used)

0 . time-pdc (not used)

141400k Relative Vector Instruction (draw box around frame)
0 i coordinate start

0 j coordinate start

8 8 words follow (4 vector pairs)

0 ' delta x (vector 1)

3070 delta y (vector 1)

4090 delta x (vector 2)

0 delta y (vector 2)

0 delta x (vector 3)

-3070 delta y (vector 3)  (bit 15,14,13 set)
-4090 delta x (vector 4) (bit 15,14,13 set)
0 delta v (vector 4)

142400K Text Writing Instruction--""RADAR"

143504K : i coordinate start with large letters
5524k j coordinate start

"RADAR " title '

142400k " Text Writing Instruction--Date

62k i coordinate start

1130k j coordinate start

"DATE= XXX XX " text

142400k Text Writing Instruction--Time

62k i coordinate start

1034k j coordinate start

"TIME= xxxxXZ " text

142400k Text Writing Instruction--Elevation

62k . 1 coordinate start

740k j coordinate start

"ELEVATION=00.0 " text

142400k Text Writing Imstruction--Range Blanking
62k i coordinate start

644k ' j coordinate start

"RANGE BLANK= 000 " text

142400k Text Writing Instruction--Resolution

62k i coordinate start

454k j coordinate start

"RESOLUTION= 00 " text

142400k Text Writing Instruction--Max. Display Range
62k i coordinate start

454k j coordinate start

"MAX DISP RGE=000 " text
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142400k
62k

360k
"TIME SAMPLE=00
142400k
62k

264k

"IF ATTN=OFF
142400k
62k

36k
"LV1=X.XX"
142400k
702k

36k
"LV2=X,XX"
142400k
1522k

36k
"LV3=X.XX"
142400k
2342k

36k
"LV4=X.XX"
142400k

214621

e 40

36k
"LV5=X.XX"
142400k
4002k

36k
"LVe=X.XX"
142400k
4622k

36k
"LV7=X.XX"
142400k
5442k

36k
"LV8=X.Xx"
142400k -
6262k

36k
"LV9=X.XX"

Text

1"

Text

Text

Text

Text

Text

Text

Text

Text

Text

Text

Writing Instruction—--Time Sample

i coordinate start

j coordinate start

text

Writing Instruction--IF Attenuators
i coordinate start

j coordinate start

text

Writing Instruction--Level
i coordinate start

j coordinate start

text

Writing Instruction~-=Level
i coordinate start

j coordinate start

text ]

Writing Instruction--Level
i coordinate start

j coordinate start

text _

Writing Instruction--Level
i coordinate start

j coordinate start

text .

Writing Instruction--Level
i coordinate start

j coordinate start

text

Writing Instruction--Level
i1 coordinate start

j coordinate start

text

Writing Instruction--Level
i coordinate start

j coordinate start

text

Writing Instruction--Level
i coordimnate start

j coordinate start

text

Writing Instruction—-Level
i coordinate start

j coordinate start

text ’

one

three -

four

five

six

seven

eight

nine

68 words of zero follow in the 256 word block data buffer
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E. Software -~ Map Backgrounds

The data for the map backgrounds have been obtained from the DIMECO data
base. This data base contains a county boundary file produced by the
Census Use Study for its computer graphics research. The file consists of
46,159 records on a standard-labeled magnetic tape. Each record contains
one latitude-longitude and ome latitude-longitude change pair. Using
coordinate conversions, the data can be converted to AFOS screen coordlnatesu
Two programs have been written; the first runs on an IBM 360/168 and reads
the mag tape. It sorts out the important coordinates and punches these on
to cards. The second program runs on a DGC computer and converts the
coordinates into AFOS graphics using specially adapted routines written by
Jim Fors and Alexander MacDonald of ‘Western Region Headquarters.

Program listings for all the necessary conversions from the DIMECO data
base to AF0S graphics have been included in the appendix. The graphics
routines originally were used in the graph program version 1.0.

F. Software - Parameter

The user of the radar software can specify certain parameters to tailor
the resultant graphics product to specific requirements. Some of the param-
eters need only be set once (at the time of installation); however, others
may be changed quite frequently. Below is a list of the various changes that
can be made:

l. Observation Interval - for automatic soliciting of radar data
by the control program.

2. Range Blanking - used to blank out areas of ground clutter to a
specified distance.

3. Resolution - determines the grid box size and details of echoes.

4, Radar Threshold - sets the level output from the DVIP when a
level of 0.01"/hr precipitation rate is observed.

5. Thresholds - threshold levels for up to nine levels can be set
for detailed analysis of precipitation rates.

The parameter program simply asks the user for various parameters, stores
these in an array, and stores the array on to disk. The parameter file is
read by the grid and graph programs for variable initializationm.

G. Software - Control

The control program was designed for automatic running of the radar
programs. The user simply types ''control' and the radar program will
automatically by scheduled at the appropriate time. Time is checked by
using the Fortran subroutine Fgtim. At observation time, the program swaps
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to the radarlog, g:;d, and then to the graph program. When the AFOS
graphics file is complete, the control program sends the file to AFOS
using the $TTO line.

IV. IMPROVEMENTS AND RECOMMENDATIONS

Several changes could be made to improve the quality of the AFOS radar
map. One of these, ground clutter reJectlon, would be extremely valuable
to the forecaster.

A, Ground Clutter Rejection

Several methods are available for ground clutter rejection. The easiest
method blanks out all areas of ground clutter. The major problem is that
if precipitation exists over the ground clutter, it would not appear in the
display.

The second method involves the subtraction of ground clutter echoes. A
data file can be created on a non-precipitation day. When precipitation is
detected, the non-precipitation is subtracted resulting in a precipitation-
only display. This sounds easy; however, ground-clutter returns do not
always have the same intensity or location. When the elevation angle is
changed, ground-clutter returns can also change. It may be possible to
construct a file containing the maximum echo return over all elevatioms.
This method would eliminate most ground returns,

The third method of ground clutter rejection is almost 100% effectivey
however, it is also the most expensive. The raw video output from the radar
is sampled with a high-speed analog-to-digital converter. The data is
compared scan to scan and the variance of a target is calculated. If the
variance is high, it can be assumed that the echo is precipitation; if the
varianece is small, the echo is probably ground clutter.

B. Regional Maps

At the present time, only a county map centered around the radar site is
available. It would be quite practical to produce a regional map containing
several radar sites. A composite map would be more useful to the forecaster
than the single map since one would not have to be bothered by checking
each map individually; however, that option would still exist. The scale
could incorporate two or three states with a resolution of about tem kilo-
meters. For finer details, the forecaster would have to consult the
individual maps. ' :

C. Precipitation Totals

The intensity information gathered at each radar site could be integrated
over time to provide rainfall totals over periods of several hours. This
could alert forecasters of heavy rainfall amounts caused by stationary cells.
Other products might include rainfall areas and amounts for river basin

forecasting.
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D. Alarm Products

The AFOS alarm/alert system lends itself admirably to
the radar data project. Alarms could automatically be actuated if echoes
were to be observed over a certain intensity or if precipitation totals
exceed a preset value. This would reduce the amount of time the forecaster
would need studying the radar maps.

E. Parameter Change

A procedure combined with the message composition feature on AFOS would
allow the forecaster to run the parameter change program from AFOS. For
remote sites where the radar and AFOS are not co-located, this would greatly
reduce the workload of the forecaster. All that is required to implement
this option is the capability to do multi-tasking on the Nova3lZ. An
example of message pre-format has been included. The forecaster simply
£ills in the parameters.

F. Operating System

The current operating system running on the Nova3l2 is DOS ( Diskette
Operating System). DOS has been designed to simulate RDOS (Real-time Disk
Operating System) and therefore has quite useful features. The major
problem with DOS is.that it is too slow. For example, when a program name
is typed on the keyboard, it can take about thirty seconds before the pro=-.
gram starts to execute. It has been recommended to me that programs be
developed under DOS but run under RTOS (Real-time Operating System). RTOS
is much faster, takes less core, and is as versatile as RDOS. Multi-tasking
implemented on RTOS which would allow many innovative products. -

DOS is now running with 16K of memory. The DOS system only leave 8K of
memory to be used for program usage. This has put a tight 1id on program
development. Programs can be written to runm in 8K provided they use the
disk for temporary storage and are split into small sectioms. The group
of radar programs would run much quicker (707 improvement) if memory was
available to combine the programs into one unit. Presently, the group of
radar programs require five minutes to run, half which DOS is loading or
unloading programs from core. It is recommended that more memory be purchased
‘and a different operating system be used.

G. Elevation

For an additional $1000 in hardware, a digital-to-synchro converter can
easily be installed to control the radar antenna elevation from the Nova3lZ.
This would allow the calculation of height maps, vertically integrated
" liquid water content maps, and a slew of many more useful products.
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RADARLOG

H AR RN R A RN R ARSI OK ARV MORIOR AR ICHORIK R HK

o
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°
»
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H

‘RADAR LOGGING HROGRAM

VERSIUM 1.8 JULY 8, 1379 MARK MATHEWSON-<-35D WRM NWs
HORHCARIARNCHOR NN RIIOR AR A M1 OISO A s N OR H SRR AT IORMORMOR IR NORIKsIRIR RN

: RADAR LOGGING PROGRAM GATHERS RAL RAPAR DATA USING DMA ANE STORES
; IN FILE DP1:RADARDATA. REFER TO DOCUMENTATION FOR COMPLETE
: DETAILS ON FORMART USED.

: DATA

AZMAT:
AZINC:
AZRCD:
BUFC:
WORD :
HOUR:
DAY
MIN:
MOMTH =
Mi:
CQ:
Fls
"STIRP:

[ ol
1 e

HuR:.
NZgdB:
HelS:
NiG:
N128:
FLAG:
HB:
N25:

. TITL. RADARLEG

LENT
ENT
LENT
LENT
LENT
LENT
<ENT
ENT
LENT
LENT
LEMT

AZNXT, AZ INC,. AZBCD . BUFC . WORD . HOUR, BNY . MIN
MOMTH.N1.CO,.F1,STKP, N3, N32,.N5660,N16,N128
M8, H25.BLK,.ERR, DCTP, MBS . F ILENM, DUFP, BUFBP
BU16ER,.CNTMAX.PTT,COUNT. D IVR. 8TK, START. OPENF
SEEK.L1.SINT.AZB,. WATT,. LONT,.FINI L, WRT,RADAR
DCOHE,.RLRC,.RF,MMIT.BINECD. L2, ONE . NXT.ERROR
BUFB.BUF 1, BUFZ2,BUF3, BUF 4. DUFS,. BUFG, BUF?
BUFG.BUFS,. BUF 10, BUF11.BUF12,.BUF 13, BUF 14, BUF 1S
BUF 16.BUF 17, BUF 18, BUF 12, BUF28, BUF21 . BUF22
BUFZ23. BUF 24, BUF25,DUFZ6. BUF27 . BUF 28.BUF29
BUF38.BUF3L,DCTR.FLAG

L TXTM 1

LEXTH JUIEX

.DIAC
.DIRC
.DUSR

PSHA=61461
POPA=61501
SAY=62401

.DIAC MTSP=61001

DIAC MTFR=60C61

.DUSR RET=562661

LORDS STORAGE AREA

. ZREL

4] SRERT ACIMUTH (BIMARY)
10. AZIMUTH O INCREMENT (118TH DEGREES)
1 SHERT AZ IMUTH (BCDD

g] BUFFER CHUNTER

-1Q7. ALIORD COUNTER FSR IMA

a sHOUR

u DAy

5] CHNUTE

0 S HIOHTH

i HUMBER ONE

CONT SCUOMTINUE ROUTIME RDDRESS
FINI1 FIMISH ROUTINE ADDRESS
STi=-1 OTOE POIMTER

3

seha.

2000 sobe SLGPPED BYTES

ig.

128.

a

3.

25
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BLK:
ERR:
DCTP
NB8S:

FILEMM:

ERRI;

LOGFIL:

BUFP:
BUFBP:

BU1GP:

CNTMAX:

PTT:
COUMT:
DIVR:

:5TAacCK
STK:

A
ERPUR
DCTH
4680

. T¥T "DP
BUFBP
BUFO
BUF 1
BUF2
BUF3
BUF 4
BUF3
SUFS
BUF7
BUFS
BUFS
BUF 18
BUF 11
BUF 12
BUF 13
BUF 14
BUF 1S
BUF 16
BUF 17
BUF 18
BUF 19.
BUF2Y
BUF21
BUF2Z
BUF23
BUFZ4
BUF25
BUF 26
sUF27
RUF28
BUF29
BUF3@
BUF31

DIYR-1
g’_.j
3060.
4908
2paa.
1GEa.
ong
454,
268,

188.

:NICK FILE RELATIVE BLOCK NUNBEP
SRR ROUTING POINTER

sRApAR DOT POINTER

;8. JUHFPFP BYT4ECrS

,fleTrP TO ASCII FILENAME
ATa" ARDATA FILE

FOTH It ERROR PESSQGF
v A v FiaM ERROR®
L2 FUINTER TO EEROR LOG FILE MNAME

I:EERLDG“

:BUFFER POIMTER
:BUFFER POINTERS

i6. :MAKX COUNTER FOR BINRCD ROUTINE

:ADPRESS OF DIVIDE CONSTANTS BINGCD RCOUTINE
;COUNTER FOR BINEGCD ROUTINE
:DIVIDE CONMSTAMTS BINBCD ROUTINE
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MAIN LOGLTMG PROGRAM-- -

HiRLL
<SS T
.GDAY
HALT -
ST 1.MAONTH
STA #,DAY
LHYETH
BTUL
HOLT
STR 2.H0UR
STR 1.MIN
LDA 8,.STKP
MTFF @
MTSF 6

SUB 8.0
bocC a.2%
MIOC 25

START:

:NEVER GETS HERE - ' T

STARTUP ROUTINE

sGET TIME AND DATE AND STORE INTO MEMORY

:STORE MOMTH
:GTORE DAY

SRET TIMF

SHEVER GETS HERE

;STORE HOUR

s STORE MINUTE

:SET STACK UP

:SET FRAME POINTER

:SET STACK POIMTER

:CLERR ACB

:DISABLE XMIT INTERR. SET TTO OQUTPUT
:CLEAR DONE INTERRUPTS RADAR

:0OPEN RABNRDATA FILE*“CHQHNEL 3

OPENF: LDA 8,FILENM
suB 1.1
.SYSTM
JOPEN 3 -
JHP @ERR

:LOAD POIMTER TO FILENAME

:KEEP SYSTEM ATTRIBUTES FOR FILE
;OPEN FILE

:GN CHANNEL. 3

:ERRDR-~GN TO ERROR ROUTINE

:POSITION DISK HEADS TO START OF FILE (USE ReEAD COMMAND)

SEEK: LDS 0,.BUFBP
- Lka 1,BLK
LDA 2.N1
MOVS Z.2
.SYETM
.RDB 3

JMP @ERR

INITILIZE
SuB
STA
STA
H sTA

YARIABLES
8.0
8.B8UFC

8. NENKT
G,.RIBCD

:LO0NAD ALL RUFFFRS WITITH
LA 2.046 a0
LLDA 1 HERD
HES 1.1

LR L MG
sSTH 9,2.2
Lo .0y
STh 0.3.2
LT 9, H0uR
STA B.4.2
Lba 8. .MIN
STH B.5.2
LDbA 6.N12G
AnD 2,2

INC 1. 1.52R
SRR L

L1:

:L0AD MEMORY ADDRESS FOR READ
:LOAD BLOCK NUMBER (@3

:RCZ2=1 READ 1 BLOCK

:BLK CNT IN LEFT BYTE
:EXECUTE READ BLOCK COMMAMD
:CHANNEL 3

:FERROR--GO TGO ERROR ROUTINE

:0CR-8
:BUFC=0
1 RENKT=0

T ZBCD=0

TIME AND DATE HEANER
VIUFFER POINTER

St =20
; 1 =32.

rAC1=-32. COUNTER
-ETOMONTHOINTO AR

JEOTRE IT

6§ DAY INTO ACE
STNRE IT

LOAD HOUR INTO RCH
$ETORE IT

;:L0AD MINUTE INTO ACS
JSTORE IT

;LBAD 122. INTG ACB
sUPDATE POINTER T MEXT
;ALL BUFFERS FULL, SKIF

PUFFER

sTELL SYSTEM THAT RADAR INTERRURPTS EXIST

SIMNT: [.DA B,.N25

Lba 1.DCTP
«SYSTH

. IDEF

JMP RERR

:LOAD RADAR DEVICE CORE (25 OCTAL)
;:L.0AD HMDDRESS OF DEVICE DCT
s IBENTIFY THE RADAR INTERRUPT : -
sLLSDR-=30 TO ERROR ROUTIHE
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For S

WRIT FOR ANTERHS AZIMUTH 10 Foual 8.9

GZ8 .

:START

DIA 8,25
LDA 1, HEZBCD

SUB # 2.1,52R

o ey -
RNt ot

RiapEl IHTCRRUPTS

L REB=1

Lba AL
LoC B/.325

;WRET ROUTINE

WalIT:

LbA B.FLAG
NEG 8.82.8MR
JHP WalIT
IMC B8.8,.5HR
JMP CONT
INC £.8,5MR
MR FIMIL®
JMP WRIT

sCONTINUE ROUTIME

CONT:

JSR WRT
SuB a.2
STH 8,FLAG
JMP WURIT

sF{MISH ROUTINE

FINIt:

JWRITE

WRT:

LDA 2,BUIGP
STA B8.BUFC
LDR 1.M45
STR 1.M8S
JSR WRT
LDA 8.123
.STSTH

» IRMY

JMP BERR
.8YS1HM
.CLOSE 3
JMP  @ERR
LDhA 1.H3608
LSYET

LR

JUiP ReRR

LT

SENTRA 3t

sav

LDAR 1.BUFC-
MOV 1, 1.8ER
JMR 3

LbA n.BUisr
JMP L +2

LD 0.BUFEP
LA 1LELK
LDA 2,M8S
.SYSTH

LWRE 3

JMP @ERR
LT 2.M%
ATD 2.1
3TR1.RLK

REY

sREAD 2 IMUTH IN BCD
:LGAD START AZIMITH

TaGKIP IF AZM=START AZM

STRY ASAIN

SEMABLE XMIT INTERRUPTS

. sWRIT ROUTINE
:GET WEGATIVE OF FLAG

:FLAG=2 WAIT ROUTIHE

: INCREMENT AC8

sFLAG=1, CONTINUE ROUTINE
; INCREMENT ALC8

;FLAG=2, FINISH ROUTINE
;ATHER, WAIT ROUTINE

:WRITE DISK AND SEEK
:CLEAR ACPH :
:FLEAR FLAG

;G0 TO WAIT ROUTINE
:SET BUFFER 16

:SET 4 BLOCK WRITE

:WRITE DISK AND SEEK

;REMOYE RALAR INTERR HAND FROM SYSTM

;ERROR--GO TO ERROR ROUTINE
:CLOSE RADARDATA FILE

+ERROR~~GO TO ERROR ROUTIKE
:TO BE SURE 0OF RESEHEDUL ING
;RETURN FROM PROGRAGM SiiAP

:ERROR-~-G0 TO ERROR ROUTINE
SHEVER GETS HERE

T SAVE REGISTERS

;L0AD BUFFER COUNTER INTO ACA
:DETERMINE MEM ADDR FOR WRITE

sMUST BE BUFC=8 OR BUFC=16.

;s MEM ADDR START-BUF 1G6P

:MEM ADDR START=BUFBP

:L0AD BLOCK KUMBER INTZ RC1
:BLOCK COUNT 8

;WRITE TO DISK

s CHANNEL 3
:ERROR--G0 TO ERROR ROUTINE

:0C2=8.

; INCREMENT BLK MUMBER 8Y gS.
*RTORR UFGRYRD B NCK NMUMIER
SCETURE RO SUEROUTING
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sRADAR IMTERRUPT SCHEME
RADAR: PSHA 1

DONE:

:RETURN FROM INTERRUPT

" PSHo 2
PSHA 3

SKPDI 25

JMP WAMIT

MIOC 25

LDA 8. AZNXT
LDA 1. AZINC
ADD 1.8

.DR 1. W3G08
ADCZ #+ @,1.5NC
JIHF RF

STA O,AZNXT
JSR BIMBCD
STA F.NAZBCD
LA B.RBUFC
MOV 8,9,5NR
JMP RC

LDA 1.MN16

SUB # 1.8,5NR
JMP RC

sNORMAL RETURM

R:

PoPA 3
POPA 2
PaPA 1
JUIER

:SAVE REGI

STERS

AEADAR DONE, THEM SKIP

:XMIT INTERRUPT

:CLEAR DOME FLAG

s DETERHMIME NEXT AZIMUTH

sADD AZ. INC TO LAST AZIMUTH

:LOAD 3/B0 INTD AC1H

;NEXT AZiM >=360.8, DON"T SKIP
;JUMP TO FINISH ROUTINE

:STORE MEAXT AZIMUTH

:CONYIRT TO BCR FOR COMPARISION
;5TORE BCD VALUE

:DETERMItE BUFFER COUNTER
JEKIP OF BUFC #=08

:BUFC=0, WRITE TO DISK ROUTINME
:LOAD ACl WITH 16,

:SKIP IF BUFCa=16, :
:BUFC=16.,. WRITE DISK ROUTINE

ROUTINES
:RESTORE REGISTERS

sRETURN

sRETURN TO WRITE ROUTINE

RC:

ETURM

4

LDA 8,111
STA 8,FLAG
PoPA 3
POPA 2
POPN 1
LR

sSET FLAG FOR CONTINUE ROUTINE

:RESTORE REGISTERS

SFETURN TQ CONTIMUE ROUTINEG

T OFTHITH ROUT TM-

LAmY by i
e RLY
S5TR @, -

IR 25

T

[

i 5 EE e

D
-

JUTES

sMIT INTERRUPT

~MIT:

FLDR

Dip £.23

NIQC 25

LDR 1.AZBCD
ADCZ # B.1.82C
JMP
LDA FF

A
U

'»-—r‘f.a?'-J

W,

»-;:err‘j

Nph
L 9.
DIy 1.
BELLL N
DoAY 1.25

LDS 1L LIORD
Dass 1.25

1.
o

P ]

T FNDWRRD

LET FLAG FOR FIMISH ROUTINE
CB=2
sCLEAR RADARR INTERR

WRTS

:RESTORE REGISTERS

RETURN Tﬂ FINISH ROUTINE

:READ RZIMUTH

:CLERR INT REQ .

;LOAD W¥T AZIMUTH IN BED 70 ACH
s AZMD=NKT AZH? . SKIP

:DETERMINE MEMORY ADDRESS FOR DMA
sBUFFER POINTER ADIRESS
SPOINTER TO BUFFER ADDRESS
;LUAD ACTUNL MEMORY ADDRESS
nC1=8.

ZUORM DMA MEMORY OnbREas

s GEND MEMORY ADTRESH T RADAR
S 0RD LORD COUM T

COUN™ gD OTERT DMA

INTERFACE

-42=



;:BINARY TO

BIBCD:

ONE s

NXT:

; ERROR
ERROR:

:DEVICE COMTROL TRBLE FOR RADAR

DCTR:

DA .
5T 9,
DIB A,24
5TA
LA
HC 9.
Lba 1,030
D & 1 0LS
SUR A,

5TH
IMP T

PSHA 2

MOVL 3.3
PSHA 3

Lba 2.PTT
STh 2,21

LDA 2.CHTMAR
STA 2.COUNT
SUB 2.7

LDA 1,831

RDEZ # ©,1,.8NC

JiiP GHE
MOVZL 2.2
JMP MY

5B 1,8

MOVOL 2.2
D=2 CRUNT
JmP L2
Moy 2.8
POPA 3
MOWR 2.3
POPG 2
POPA 1
JMP 8.3

HANDLER

SUH 1,

DA B, LOGFIL
LSYSTH
APPEND 2
JHP 44

LDA 8.ERR1
ARL 2
L

LD 1L HEERg

NP
LSYATH
RTH
HALT
HALT

BCD CONVERTER ROUT
PSHA 1

:READ 1 AZ IMUTH

STORE AZIMUTH

sREAD TN STATUS-ELEVATION
S STUORE S1ATUS-ELEVATION
:UPDATE BUFFER COUNTER

: INCREMENT BY OME

:RC1=32.

sBUFC>=32, THEM SET BUFC=H
;ACH=G .
;STORE UPDATEDR WALUE. OF BUFC
:MORMRL RETURM

INE (ACG~—-ACH)
:SAVE REGISTERS

sLoAD POINTER TO DIVIDE CONSTANTS

SGTORE IN aUTO-INC LOCATION
;INITILIEE COUNTER

sCLEAR [0z

LDATD DIVIDE CONSTANT
sRESULT»=0,5K1IP

MOVE B8 INTQ RIGHTMOST BIT

. :MORE TO D

;STORE NEW WALUE 0OF &C
sSTORE 1 INTO RIGHTMOS
sDECREMENT COUNTER
:NOT DOHE YET

sMOVE RESLLT TO Acg
;EESTORE REGISTERS

)
T BIT

sRETURN

;OPEN ERROR FILE
:ERROR FIL.E HAME
;APPTHD THE FILE

;0N CHAMNEL 2
;ERRDR, EXIT PROGRAM

:LOAD FOINTER TO ERROR MESSAGE

SURITE LIKE

ERRORLERIT PROGRE

:TO BE SURE OF RESEMEDUILING
sCLOSE ALL FILES

HETURN FROM SUP

SDCTH

8 ; IGMORES THIS WARD

1ervey
RADAR

2 IMTERRUPT MAGK (NO OTHER INTERRUPTS ALLOWED)
$SERYVICE PAUTINE oDDRESS

LRBEL
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: RADAR
BUl-t3 s
BUF1:
BUF2:
BUF3:
BUF4:
BUFS:
BUFE:
BUF?:
BUF3:
BUF9:
BUF19:
BUF11:
cUrF12:
BUF13:
BUF14:
BUF!5:
BUF 16
BUF17:
BUF 18:
BUF19:
BUF28:
BUF21:
BUF?2:
BUF23:
BUF24:
BUF25:
BUF2G:

BUF27 ¢

BUF28:
BUF239:
BUF38:
BUF31:

UATA
.BLK
«BLK
BLK
BLK
«BLK
<BLK
.BLK
.BLK
BLK
.BLK
«BLK
.BLK
.BLK
.BLK
.BLK
.BLK
.BLK
.BLK
-BLK
«BLK
-BLK
LBLK
BLK
LBLK
.BLK
.BLK
.BLK
«BLK
«BLK
«BLK
«BLK
.BLK

-END

BUFFERS
128.
128.
128.
128.
128.
128.
128.
128.
128.
128,
128.
128,
128.
128,
128.
128.
128.
128.

SRR

WMmEDWD

ek ek ek s e
IR
fard

— e
[
e

28.
i28.
128.
128,
128.

START
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GRID

C acicistoioksicraoksorsicicioiiickaoleisiororeksisiokiciusiuioioriaiiiiskioiorkse Hciomsiokkkeiek
COMYERSION PROGEAM FROM RO RADAR DATA TO GRID ARRAY

VERRIGN 2.8 JULY 24,1979 MARK MATHEWSON--52D LRH NWS
Y¥2.8 REPLACES PORTION OF COMFRESS PGM (V1.8 &ND ALL OF V1.0
GRID PEM. OTHER PFORTION OF /1.8 COMPRESS PGEM IS5 1IN ¥2.3
TITLL P

GRID (Y2.8) REASD RAL R%DQP DRATA FROM FILE DR1:RADARDATA AND PUTS
1T DIRECYLY INTO GEID GRRGY WHICH 1S STORED IM FOUR GUADRANTS ONTO
DISK. FILE NAMED GRID
SKOKHCKACKHOENCRH N OHRABRNNOROR
COMPILER NOSTARCK
EXTERNRL QUADCHG, BCDRAN
COMMOH-DTA/GRTD, DUM
VARIABLE DECLARATION NHD IMITIALIZATION
PROGRAM 1S SET FOR & 3B X 55 GRID ARRAY WITH FOUR SERFERATEZ
QUADRANTS
TH*YG"P GRIDLE:534,8:34 . DUMOIBE) LLEVEL (B 2553 .EGEINT
INTEGER AUAL. RESOL, RGBLK .. INB(2:255) .BMSK. 3M3K, BLK,. RGMSK

OOGCOOaoOOcon

aOR AR OK B IISoRAOKHRSGIORKCIROR R IOR KKK

o0

BMSK =37 7N SEYTE MRSK
SMSK=5¢7FK STHTUS-ELEY MS

REHSK =20RURK SEANGE THTERY MAsK

BL E,LQC’ OF BADARDATG FILE
o

PEAn DEGER i, ¥ “ﬂ BLAMIING, AP LIOVELS FROM PARAMETER FILE
ERF,2.TER TOPEM FILF
15 ;READ PARAMETERS

)

[

Crli. UEFL{'E,I{GHED,12,ZEE)
OPEM PRDAR BATH FILFE

CALL OPERCZ, "I I1RGERRIATA,. 2. IER)
PROCESS RADAR NATH

O

o0
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C READ BLOCK OF DAT

8 CALL RDBLK G, BLE, INB, 1, IER) :READ BLOCK OF RADAR DATA SN
' IFCIER.EQ.9Y GO 10 25 :END OF FILE
B0 18 1=0,12u, 128 :TWO-SETS PER BLK

C DETERMINE AZIMITH
CALL BCDRADCINBCIS , IAZM.EADD 1 IAZM=.1 DEG.RAD=RADIANS

S=5IH (RAD) :SIN OF ANGLE

C=COS(RAD) :CDSIHE OF ANGLE
C DETERMINE GQUADRANT

J=1RZM =00 :960=58 DEG.

IFCJ.NE.GUADY CALL QUADCHGC.J,QUAD. IXBOT, IYBOT,.RESOL) ;CHANGE QUAD
C DETERMINE RANGE INTERVAL

RGE INT=IAND (RGMSK, INB(I+132

IF(RGEINT.EQ.B) RGEINT=Z

IF(RGEINT.ME.2) REEINT=1
C DATA CONVERSION

D0 16 J=8,115.¢1 :I=POSITION IN BUFER
C OBTRIN RAMNGE

RL=19, IREEIMK(I=F I %2 $HANGE LOW BYTE

RH=RL4RBEINT : ;RANGE HIGH BRYTE
C CHECK RAMGE BLANKING

IF(RL.LT.RGBLKY GO TO 1€ sWITHIN RANGE BLANKING RANGE.
C READ DATA

Ii=INBCJ+I) : 11=DATA
C SEPERATE DATA INTO TWO BYTES

[2=1ANDCI1.BrHSK) :LOW BYTE

I3=ISHFTC11.-8) ;HIGH BYTE

C CONVERT DATA INTO LEWELS
I12=LEVELCIZ2)
I3=LEVEL(ID
C PROCESS LOW BYTE
IF(I2.EQ.8Y GO TO 15 LF”ELB » SKIP FROCEESING
Ix=( (RL#*3)~IXROT) /RESOL ,- GRID COORD.
IY=((RLa*CI-IYBOT) /RESOL :%¥ GRID CODORD.
IFCIR.GT.54.0R. IY.GT.54> GO TO 18
IFC(IX.LT.8.0R. IY.LT.8) GO TO 18
IF(GRIDCIX, IVY. LT 12) GRIDCIMK,IY3=I2 sPUT MAX VALUE INTO GRID
C PROCESS HIGH BYTE
15 [FCIS.EQ.8) GO TO ia sLEVELE, SKIP PROCESSING
I¥=((RH#5) ~IMBOT) #RESOL ;3 GRID COORD.
IY=((RH¥CI-IVEOT) /RESOL :Y GRID COORD.
IFCIM.GT.O4. 0. IYV.GT.S4) GO 7O 18 :0UT OF GRID
IFCIX¥.LT.Q.0R.IV.LT.O) GO TO 1S
IFCGRIDOIEL. IV BT IE)Y GRIDCIN, IVY =13 sPUT MAX VALUE INTO GRID
16 COMTINUE
18 CONTIHUE
C INCREMENT RLOCE MUITITR BY GNE
DLK=idl bt

L TN O :PRRCURS MEXT RLOCK
C EMD OF PATA SET
25 J-@unpb-1 s CHOMGE QUAD FOR FICE WRITING OF LAST uuAp
CALL QWUADPCHG (J, WUAD, INBOT, TYEOT,RES0L)  :QUAD CHANGE
CNLL CLGSE(2, IER) sCLOGE RADAR DHTH FILE
CALL CLO%E(3. IER :LI.OSE GRID FILE

C RETURHN FRQK SLIAF
CALL BACK
ENMD
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L

C seeotemimesieocistaiainioniotiiololoklok koK AIIKOKHOKR IOk KOl ROKRAOKs RO

c GUADRANT CHANGE MROGRAM

c : '

c VERSION 2.8  JULY 24,1972 MARK MATHEWSON--SSD LIRH NWS

£ RO AOROR K ORI R ORORO I KA KA ACKAOIIORNOKAK A KAORACIORAIORRAIOIORNK

C READS AND WRITES QUADRAMTS FOR GRID ¥2.8 PGM. QUADRANTS STORED
C IN FILE DP1:GRID AND ARE CONTIGICUS (12BLKS EACH),
COMPILER HOSTACK
SUBROUTINE QUADCHG (NEWQ,GQUAD, I¥BOT, IYBOT.RESOL)
COMMON/DTA/GRID, DUM
INTEGER GRID(8:54,8:54).DUMC18@),Y(B:3),%X(B:3)
INTEGER QUAD,RESOL, INB(B:255)
IF(NEWG.EQ.QUAD) RETURHW ;SAME QUAD WANTED
C ASSUMES GRID FILE IS OPENED ON CHRNMEL 3
C WRITE OLD QUADRANT TO DISK FILE
J=0UAD*x12
CALL WRBLK(3.J,GRID, 12, IER)
C READ IN-NEW QUADRANT
QUAD =NEWQ
J=QUAD*12
CALL RDBLK(3.J,GRID,12, TER)
C SETUP XBOT AND YBOT
X(B) =9
X(1)=8
X(2) =~RESOL*35
%(3)=-RESOL*55
Y(B=0
Y (1) =-RESOL%35
Y (2) =-RESOL#55
Y(3)=08
IXBOT=X(QUAD)
1YBOT=Y(GUAD)

RETURN
END .
Cokdsicioksokiciolokoolomioiloloriokiskaoioioloiorciaioioriieoklokolsiololoiorimtckakkk

CONVERTS BCD ANTENNA FOSITION TO DECIMAL AND RADIANS

VERSION 1.8 JULY S.1978 MARK MATHEWSON--5SD WRH HWS
VERSIOM 2.8 JULY 24,1372 HMARK MATHEWSON--3SD WRH NWS
--NO MODIFICATIONS--USED FOR GRAPH V2.8 PGM.
SRR ARG A RO R LR OMIR AT SRR ORI ADRAOICAT OISR AR KAOK AR N ROK KK
COMPILER NOSTACK
SUBRSUTINE BCDRAD (IBCD, [PEC.RID)
C IBCD=INPUT wALUE, 1DEC=0UTFUT DECIMAL VALUE. RII=RADIANS OUTFUT
COMMONACONVE /COHY, 1B
ITHTEGER COMV 8 18Y  IRICd:113)
INEC=0 AEESULT INITILIZE TO ZERG
C COWYERT TC DECIMAL
0 3 1=8,18
IFCIANDCIBICIY, IBCD) W NE.8) IDEC=IDEC+COMY(I)
3 CONTINUE
RII=FLOAT(IDEC) /572.9857
RETURN i
END

C
c
c
c
C
C
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Csseioielericioinksioiorsiciiaiorisiosiohaokioisioloiokiniokacsioriokaolksioksialsinioloasiors kil

c GRIDBLOCK DLOCK DATA AREA FOR GRID PROGRAM
c
c VERSION 2.8 JULY 24,1979 MARK MATHEWSON--SSD WRH NWS

CosoriesioioiorioloskaekasierasiomoicissioorisoRpiokioiborivioiorokaiiolsioroiokokok
COMPILER WOSTACK
BLOCK DHTR
CUMMON/CONVE-COMY, IBI
INTEGER CONV(B:15).IRI(B: 1D
DATA CONV-/GBRA, 1800, 2600, 1068, 850, 480, 208, 168, 0808,48,.20, 18.8,.4.2, 1~
DATA IBI-160860K, 4508GK , 266008Y., 19896K., 4008K ., 280uK, 1906K, 488K , 268K,
1188K., 481K, 20K, 16K, 4K, 2l7, 1k~
END
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GRAPH

[ sorsiclotsioioikoiciolciokkickokkicilokioleloinioliolklrtoksolciolololersoksoksiokooiciork
CONVERSION PROGRAM FROM GRID RRRAY TQ GRAPHICS

C
C
C VERSICON 2.1 JULY 2B,1S57F3  MRRK MATHEWSON--SSD WRH NUWS
c -=SIMILIAR TC ¥2.8: BUT DGES NOT USE GRAPHICS SUBROUTINES
| SINCE ONLY TEXT 15 OUTPUT.
C31000kMORNCOK ARSI KA HORIK AR HCHORIK KA HAHAHORAOKAKAOKAIAK
COMPILER NOSTACK
EXTERNAL LECASC,BCDRAD,STATUS
COMMON/DTA~IGA, MTH
COMMON.GD/GRID, DUMM
IMTEGER IGA(B:255),.SPC(B:255),GRID(B:54,8:54) .MTH(24)
INTEGER SiMSK,RESOL,QUAD, X(B:3),Y(8:3) .BMSK, DUMML 188)
EQUIVALENCE (GRID(R,8),SPC(R})

SMSK=3777K :STATUS-ELEVATION MASK
BMSK=377vK :BYTE MRASK
C OBTRIN PARAMETERS '
CALL OPEN(Z, "DP1:PSRAMETER".2Z, IER) :0PEN PARRAMETER FILE
CALL RDBLK(Z2,8.SPC.1.I1ER) :READ PARAMETERS
C RANGE BLANKING
IGR(7FE)=TGA(762+SPC (1) 180 :188S.

CALL DECASC(MOD(SPC(1).188), IGAL?T)) :18S,15
C RESOLUTION

RESOL=SPC(2)

CALL DECASC(RESOL. IGR(B7)) sWRITE IT
C MAXIMUM DISPLAY RANGE

I=RESOL*S5 :GRID SIZE=55

IGAR(S8) =1GA(S8)+1/188 :188s.

CALL DECASC(MODCI, 188),1GA<S8)) :18S5.1S

. T LEVELS
DO 2 I=3,11
IFCI.NE.3.AND.SPCCI) LE,SFCC(I-1)) GO TO i8 SEXIT

IRT=188.%(18.%k({3PC(I)-53.82)732.)) :RATE .B1°/HR
K=(I-33%7+127 ;POSITION - IN ARRAY
IGAUK) =ISHFT(IRT/108+68K,8)+36K : INCHES AND .

2 CALL DECASC(MOD(IRT, 188, IGR(K+{)) 3.81..1
iB CALL CLOSE(2, IER) :CLOSE PARAMETER FILE
- C DATE-TIME GROUP _
CALL DPEN(2, "DP1:RADARDATA".Z. IER) :OPEN RADARDATA FILE
CALL RDBLK(Z,8,5PC.1.IER) :READ IN FIRST BLOCK

IGAC40) =MTH(SPC (2):#2-13 ;WRITE MONTH
IGA (41D =ITIH(SPC(2):x22
CALL DECASCISPC(3), IGR(42)) :WRITE DAY
CALL DECASC(SPC(4), IGACSII ;WRITE HOUR
CALL DLCASC(SPC(3), IGH(E2)) sWRITE MINUTE

C STATUS-ELEVATION ‘
[=5PC(1) - ELEVATION-STATUS WORD
CALL STATUSC(I,.IL,15,12,13. 14 :SEPERARTE S7TATUS BITS
CALL DECRSC(IS, IGACIBIN URITE TIME SAMPLE
IFCILLED.BY GO 7O 1t :IF ATTN OFF '
IGRCL1G Y =*0N"

« IGA(118)Y =" v .

il I=IANDCI,SMSKD  ELEYATION ALONE
CALL BCDRADCI,JJF.RAHD :CONMVERT TO DECIMAL
J=J1-18
CALL DECASCI{J, IGA(B4)) ELEVATIOM TENS.UNITS
GR(B51 =ISHFT (56K, 8)+MOD(JI, 18) +68K TENTHS, ELEVATION
CALL CLOSE(2.IER) ;CILOSE RADAR FILE
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€I6C

3

C OPEN
C OPEN

PART II OF GRAPHICS FROGRAM--PRNACESS IMTEMSITY DATA
SET UP PARAIETERS

IBLK=G :BLOCK # FOR GRAPHICS QUTPUT

IPT=183 :UORD POINTER IN GRAPHICS ARRAY (I1GA)
IXCEM=4896.72 +% CENTER OF SCREEN
IYCEM=3gr2 2% CEMTER 0F SCREEN

MAP=238 sMAR SCALE RANGE
SCALE=TYCEN/MAP :SCALE=PTE~1M

INSERTED FGR LAS VEGAS CFFSET MaP

IXCEN=IXCEN-+6B8 ;€08=0FFSET FOR 1.8 DEG LONG. -
~(83=0 : XBOTTOM ¥ BOTTOM FOR QUADRANTS
X(1)=9

R(2)=~55%RESOL  :E5=GRID SIZE

K(3) ==554RESOL

4@ =0

Y (1) =-53%RESOL

(23 =~55RESOL

Yi3)=R

GRID FILE

CALL OPEM(Z,"DPP1:GRID".Z, IER?

GRAPHICS OUTPUT FILE

CALL OPENCI, "DP1:NMCGRIRDR", 2, TER)

C PRCCESS INTEMSITY DATA

D0 182 QUAD -@,3

IXBOT~X(QUAD)

1YBOT=(QUAD)  :BOTTOM OF QUADRANT

J=QUAD#12 ;RECORD (BLOCK) START

CALL PDBLK(2,J,GRID, 12, IER) :READ IN GUADRANT

DO 183 1%+B,54 :PROCESS X COORDINATES

KM= [XHRESOL+IXBOT ;%K POSITION

1XGCR = IMCEM+XKMASOALE ;X SCREEN CUOORDIWATE

T (IXSCR.GT. 4098.0%. [XSCR.LT.0) GO TO 103 ;SKIP NLL 1Y
DO 184 IY-0,54 ;PROCESS Y CUORDINATES .
IF(GRID (IR, 1YY .E0.0) GO TO 184 :LEVEL 8, SKIP CALCULATIONS

YK M= lrlRtSﬂlrIYBHT SYKM PGSITION
IYEER=TYTIMAVIIECALE ;v SCREEN COGRDINATE
IF (IYSCR. GT.BBfB OR.IYSCR.LT.8) GO TO 184 ;0UT OF GRID

C WRITE TO GRAPHIES ARRAY
C INSURE HO 283 DR 2BK APPEAR IM IX.IY STRING. ADD 1 IF APPESQRS:

I= IQHﬁ(IXSCRPBNSKQ sGET LOWER BYTE

IF(I.EQ.2AK.0OR. I1.ER.283KY IXSCR=IXSCR+1 :INCREMEMT BY ONE
I=1RHD CTYSER . BMSK) sGET LOWER BYTR

IF(I.EQ.28K.OR.I. FQ.EBSK) IYSCR=IYSCR+1 ; INCROMENT BY ONE
IGQ(IPT“leWQuu CXT COMMAND FOR RAFGS

IWGACIFTHIY = TXSCR ,IX COORDINATE

IGQLIPTIL3—I1UCP :IY COARDINATE

1GACIPT+3Y =ISHFT(GRID (I, 1Y) +68K,. D) +48K :LEVEL TN ASCII
IPT-+IRT+4 sUPDATE GUIHFR POINTER

IFCIPT.HE.258) G TO tad :BUFFER NOT FULL

€ BUFFER FULL. WURITT 1T

184
183
192

CALL WRBLK T, TRLI, ILH,;,IER) HURITE GRAFPHILS BUFFER
IFCIERMMIL LY GO TO 446 S ERROR-

IPT=u SRELET BUG-UR COUNTERS AND POINTERS
IBLK=[LLK+1

CONT YN

COMT TN

COMT IHUE

=50=




0O0GOGY

(3}

C EMD 3k DEw,

C ANMDp 203X BwTE TO EMD, 'F”ﬂ REMAIMING BUFFER ANMD DISK FILE
IGRCIPT <200 DD EMDING BYTE
IPT=IPT+1
noogq44 1=IPT, 255

444 IGNCIx =8 s ZER IHING BUFFER

O REM
CALL WRBLK(L, IBLK, 1 Gh, 1,15 ;URITE BUFFER
D3 ¢S 1e3,295 ZERD ENTIRE BUFFER

443 IGR{II=6
IBLK=IBLE"1

446 CALL WRELKUL, IBLK, IGA. 1. IERS :WRITE ALL ZERQS TO FILL FIL

IFCIER.CO.9Y (0 {0 458 FINISHED
IBLE=1BLY+1
GO T0 adb sMORE TG DAL

C FINISH PROGRAM

4510 CnLL. CLOSE{! . IER?
CALL CLOSE(Z, IER)
Chkl BrtK FETLRN FROM SusP
EHD

Ao et st stev e
(LMo vy Al e

- e

SR PRt B et o g e sl ey (R 4 e
LUNVEPTS 8CD QHTLNNQ POCTTTON TN DHECIMAL AMD RANIANS

WRH NWS

VERSIOM 1.8 JULY 35,1973  [aRK MATHEWSON--58D
5D LRH NWS

YERSION 2.8 JULY 24,1979 MARK MATHEWSON--S
HO MODBIFICATIONS---USED FORE ERID Ma.8 PGM.

i nisioieini ok

COMPILER ®
SUNROUTIMNG ECD CIEBCDLIDEC.RID
C IBECD-IHPHT YaLUE. I CUTFUT DTN, YRLUE, RI
LDHHGHzCCP”FzPWLv TEE]
IMTEGER COHV(E: 15), IB1(B: 15
IDEC=8 fRESULT INITILIZE TN ZERD
COHYERT TO DECIMH
po 3 I=4.
IFELHNDLIBLLI’,IL‘“'ﬁ NE.2Y IDEU=IDECAHCOMWCI)
Cuid MHUE
RIT=FL_0RECIRE0 /872, a57F
RETURN
e

I=RADIANS QUTPUT

ad
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CrctotiiciomiaiisioiciokiorisisisiolsiskioioiolRzclorokkksiokloloisiolriciskiokicotoksoklokiork
BLOCK DATA FOR &GRAPH PROGRAM

c
c
€ WVERSION 2.1 JULY 28,1573 MARK MATHEWSON--SSD WRH NWS
C --REPLACES V2.8, CONTAINS ACTUAL GRAFHICS DATR PRE-ASSEMBLED
g IN AFOS FORMAT. ELIMINATES NEED FOR GRAPHICS SUBROUTINES.
c UTF NOT NEEDED SINCE TEXT IS ONLY OUTPUT.
L oROKORIRAOK AR RIS HOR I ARSI ORIORKORNOKRNSK ORISR R SIORAS ISR ISRk
COMPILER NOSTACK
BLOCK DATA
COMMON-D 1M I6A, FTH
COMMUN/TONVE-CONY, IBI
INTEGER CONV(8:15), IBI(A: 1)

INTEGER IGA(B:255) .MTH(24)

DATA MTH/"JAN FEB MRR AFR MAY JUN JUL AUG SEF OCT NOY DEC °~/

DATA IGA/"NMCGPHRDRBEA” , 2417777 K, 2400K, 148480K,8, 10928K,
114K,2*B,383K,3*0”4@89K.I‘V 177817K, 175088K, 8, 24K, IBZQK,ISBBSK.
20, 142490k, 143584k, 3524K, "FADPAR *, 1424081, 62K, 1 139K,
3°DATE= %V“ XX *, 142495K, 64k,1874V "TIME= KXXKZ_ T 9, 142480K,
462K, 748K, “ELEVATION=86.1 . 112408K, 62K, 644K, "RANGE BLANK= 8807,
Si4248eK, 62K, 558K, ° RESULUTIUH— 88 7. 1«i2408K, 62K, 454K,
6°MAX DISP PGE=@@B',142-98k 62K, 368K, “TIME SAMFLE=08 °, 142480K,.62K,
7264K, " IF ATTN=CFF L 142486K, 52K, 36K, TLV1=X.XX" . 142480K, 782K,
B36K., "LV2=X.XX" , 142 4Uﬁhﬁx5""K 36K, "LV3=x.XX", 142400K . 2342K , 36K,
37LVE XKL 142400K, 3162K. 361, "LVI=X. XX . 142408k, 4882K, 36K,

1 va*K,ﬁK‘,lw_‘utk 4622K. 36K, 7 L“’=K.XX’,1424DBK,5442K 38K,

JER R R HLGLRIKL BEK, TLVI =KL KK - RUEK L BPHG.
T IUH?JUBPH ATIER, ZEEh, 10es, 500, 4@@,Jn“u10ﬂ 4%.49,28,18,8.4.2, 1~/
AR IBI/1WBEvuaK, 46960 £48uaK, 16868K. 4@”6\,4u@ﬂK 1988K., 480K, 288K,
11806, <L 2010, tawl O 2 L B
EHLD
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C CONVERS

RO NHSRN I L s i gt & [ ) AP T AR Ee St

FROM W ﬁ!ZIT THTEGER T TWO- BYTt ASCTI

I0M

» YERSION 2.8 JULY 25,1372 MARK MATHEWION=--55D LEH NWS

| ontontan(rnts s bontoniangsnt satoslonfosle Sont, Joadpad 3 e vt
sedloieksieiciekaRseoIemaietaliesiaickse s mSioleRNiciinIionSBIACKEC IR SRACTASK

COMPILER NOSTRCE
SUBROUTINE DECRSC(I, IASCU)

€ I=INPUT YALUE, IRSUU=0UTFUT WORL IN ASCII
IASCU=IGHF T 171 6+48,8) +48+MOD 1, 18)
RETURMN
END

5“‘4‘lhll1?i‘ o 41\ gy L e hli\l S IR Db 5 DR 1, e /(\.

LDH“ RT ELEﬁQTIqH— ?HTUE LORE T 1QTUQ TNUTCQTDPB

slmoisioleitinimsioicininiainicieioitioiiaiclok

WERSION 1.8 JULY £,187V2 PMARK MATHEWSON--L3T LIEH MIES
VERSTON 2.8 JULY 26,1992 MRER MATHELSOH--35D LREY NS

0 rapIFicay

$rAespistetitritents stestouts st sdrsim s oA e steste e RS

v
{2
&
@
}\

ﬁﬁ(?l“l(?(‘)(“

IDW ILER lB”THLL .
SUBRQUTIME STRTUS £ IN.ATT.REFINT. STC. TMSAM, TEST
INTEGER FQCINF STC, TMSAH, TEST.ATT

C "IN™ IS ELEVATION STNTUS WORD INPUT

C INITISUIZE STATUS IMDICATORE
FIATT =19
HvGT-70'

“ ulr"ﬁﬂ*lDJEaV
MTST=108008aK
ATT=8 ;IF aTTERUATORS

o :RANGE INTERYAL
$ETC MONITRR
THSAM=15 s TIME SAMPLE MOMNITOR
TEST=1 STEET MIRE MONITOR
CHECK ""n'v" £
T IO
TECILNE.OY
~TIRMDC T LT 3

CTLUME L FbEIHk

=IOMLC I, MBTG

C1LHELBY STC=1

t

>4»—4|—-»Hx—4;—«»—.
—
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PARAMETER

ColviclekankaoicisiokioisioroikriomismicioiiomiokoRisiorkiokikssiolokoksioksotokol
RADAR PARAMETER CHANGE PROGRAM

VERSION 1.8  JULY 8,1879 MARK MATHEWSON--SSD WRH NUS
VERSION 2.8  JULY 28,1978 MARK MATHEWSON--SSD WRH NWS
~-MOD IF ICATIONS~-BLK#1 CONTRIMS LEVEL ARRAY FOR V2.8 GRID
PM. ELIMINATED RCOUESTS FOR CERTARIM PARNMETERS UNUSED
IN PRESENT VERSION.

NHORHNOIR AR SRRSO A i Ric ol Rl k IOR HEHORIR IR MG MO RHOIKOICKIIORMOKII ORI K]

PROGRAM ASKS USER FOR YRRIDUS RADAR LOGGIMG AND DISPLAY
PARAMETERE AND THEM STURES THUSE FARAMETERS INTO FILE
DP1:PARAMETER. THIS IS MOT THE SAME ROUTINE THRT ALLOWS
USERS TO CHANGE PARAMETERS FROM AFOS. THIS ROUTINE ALLCWS
MORE CHANGES TO BE MADRE.

oOaOooOooooOoOoO00a0O00onn

INTEGER P(B:2352,LEVEL (8:2535)
OPEN PRRAMETER FILE .
CAaLL OPEM (1."DP1:PARAMETER".2,IER?
IF(IER.EQ. 1Y GO TUO 1!
TYPE "PARAMETER FILE OPEN FAIL. IER=",IER

(o]

STOP
C OBSERVATINN IMNTERVYAL (RAMEE 5 TU 68 MINUTES)
1 ARCCEPT "URGERVATION INTERVAL (MINY ",P{8)

IF(RCA) .LE.GE.0R.P(8) .BGE.T) GO 7O 2
TYPE “"0UBS5 INT GUI 0OF BOUNDS. RANGE S-58 MIN.°®

GO TO 1
C RANGE BLAMKING (RMY RANGE)
2 ACCEPT "RANGE RLANKINE (KMY ",PC1)

IFCPCI) .GE.EY GO TO .3
TYPE "RANGE BLANKING MUST &E >= @°¢
G0 T 2

RESOLUTION DESIRED (RANGE § T3 28 KM
ACCEPT "RESOLUTTIOM (KM ",P(22
IF(P(2).GE.1.AND.P(2).LE.2A) GO 10 &
TYPE "RESOLUTION OUT OF BOUNDS (RANGE 1-28 KM "
GO TO 3

RADAR THRESHOLD
ACCERPT "RANAR CALTIBRATION THRESHOLD (A-288) "LPUI
IF(POIDLCE.BLURPLIO LE. 200 GO TO 8
TYPIE "EADAR CAL. THRESH OUT OF ROUNDS (@-269) °
GO O 6

[N o]

oo
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Vid

C LEVELS FOR 1HRESHOLDS -

3 . 00 14 =31

14 ISP

15 : “THRESHOLY LEWELES. .ENTER ZERD TO STOP*)
Lo 18 T—i H
WRITECIA. 1Y 1

21 FORMATS” ENTER THRESHALD FOR LEVEL™, 12.5X.2)
J=142
ACCERT PLD
IFCPLTY JLELBLOR.LPUIY.GT.258) 30 10 26

16 COMTINLIE

C WRITE HEW PRRAMETERS TO DISK

28

CALL CLosk(18, IER
CALL uRBLK (1,8.F,1,IER:

IFCIER.HEL 1) TYPE "PARAMETER WRITE ERROR. IER=*, IER

C PRODUCE TARLE OF LEVELS FOR USE IN GRID %2.8 FGM.
C FIND MAXIMUM LEVEL DESIRED

506
C INITILIZ

4”9

MAx=Y
DU S I=5.11
FORCTYLLEHRYY GO TO D43

JFwI*Z

MAR=P LT

LEVZLS TO MAX LEVRLS
ng G 1=D,.235
LFVF'iI)'Fh

C FORM I“P'E [y CONVERT DEGTH TO LEVELS

[IRERNSCLLA I

584 COHT LHUE
562 1

CHLL WRELIC L. 1L LEVEL, §, IERD
£ CLGSE AL B RHD EMIT

CnLL

STOP

EMD
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CoNTROL

. Ditoleiotokeleiiok exfesiesiooo Rtk SRR
c RADAR-AFOS CUONTROL PROGRAM
c .
c VERSION 2.8 JULY 28,1979 MARK MATHEWSON=-SSD WRH NUWS
c
C RADAR CONTROL PROGRAM:
c 1. READS PARAMETER FILE TO DETERMINE OBSERVATION INTERVAL
C 2. SCHEDULES RADAR OBSERYATION. GRID. AND GRAPH PROGRAM
c 3. NO ERROR CHECKING IS INCORPORARTED FOR VALID DATA.
c 4. SENDS FINISHED PRODUCT TO AFOS BY STTO LINE

£ HOKAOICRHAIOKHGRIIORKITKNISIRIOIIORKANOR IR EOIIRRIoIok KRR AOIaKsO kKoK
COMPILER NOSTACK :
INTEGER IJ(B:250)

€ START-PROGRAM-—INSURE DIRECTORY DP1 IS INITED
CALL INIT ("DP1",8.1ER)

£ START SERQUENCE

C RERD IN OBSERVATIUN INTERVAL

i CAlL OPENCI, "DP1:PARAMETER", 2, IER
IFC(IER.NE. 1) GO TO 1eee
CALL RDBLK(1.8.1J,1,1ER)
IF(IER.NE. 1) GO TO 1808 b
INTERV=1J(8) :0BS INTERVAL

. CALL CLOSECI.IER)

IFCIER.MNE: 1) GO TO 1908

.C GET PRESENT TIME. CHECK FOR DBS TIME

2 CalL FGTIMCIHR,. IMIN, ISEC) ;PRESENT TIME
. IF(MDDCIMIN,G INTERV) .EQ.O) GO TO 18 s0BS TIME
GO TO 2 :WAIT TILL OBSERYATION TIME
C OBSERVATION TIME .
i@ CALL SWAP ("DFZ:RADARLOG.SV", IERD :GET DATA

JF(IER.NE.1) GO TO 10ag
CALL sWeP (*DPB:GRID.SV", IERD :GRIN THE DATA
IF(IER.NE. 1) &0 TO 1808
CALL SWAP ("DPE@:GRAPH.SV",IER) :GRAPH THE DRTA
IFCIER.NE. 1) GO TC 1090
C SEND THE DATA TO $TTO
CALL OPEN (i, "DP1:NMCGPHRDR".2, IER)
IFCIER.NE. 1) GO TO 1806
CALL OPEM (1@."S$TTO".2, IER.64)
IFCIER.NE. 1) GO TO 1088
IBLK=6 ;BLOCK COUNTER
i1 CALL. RDBLK(1.IBLK.IJ.1,IER)
IFC(IER.EQ.33 GO T 5@
IFCIER.NE. 1) 0 TO 1e8e
C CHECK DATA FOR ALL ZEROS (END OF DATR)

J=8
DO 12 I=8.255
12 IFCIJCI).NE.B) J=J+1
IF(J.EQ.8) GO TD 38 :END OF TRANSFER
CaLl WRITRCO1Q.0.1J.2. "ERY : TRANSFER DATA.
IF(IER.HE. 12 GO TO 1086
IBLK=IBLIA- s INCRUEMENT BLOCK COUNT
G0 1o 1 s TRAMGFER NEXT BLOCK
C CHD OF SEQUENTE
13] CALL CLO=ECIO, TERD ;:CLOSE STTO
CALL CLOsECL, IERY :CLOSE NMCGPHRDR FILE
GO 70 i sRESTART SERUENCE
C . :
C ERROR
1889  STOP sEXIT PROGRAM
END :
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LA )

fur =

MaP BACKGROUNDS

s e W =IO Y WG AR e e J

IMFLICIT REALes <R-Z0

REALeS LOMIsLAT1.LOMNESLATE

INTESER IIfREG1sIaREGEsET1s3T2e X1ECHV1ISCe KEECD.W2ECT
INTEGER I““EH IYCEM

INTEGER CHT (205 ~20+0~

PRRAMETERS co s,

SCALE 1Z RADAR RANGE MAXIMUM IN KM LBM 36o/1c8
SCALE=450. Map extraction

FULL IS FULL SCALE PIMEL SIZE Prog ram

FULL=207Z,

ISCEM RAMD IYCEM ARE CEHTER FIXEL LOCRTIOME
IHCEN=204S
IYCEM=1528

RADLAT RRATLOM RADAR LATITUDE ANMD LDOMSITUDE
FADLAT=34, 058/57. 2357795
FADLOM=118. 4475-57. 22537795
EMAXSsZCALES1. 3
A=FULL-SCARLE~ 2.

RERD DRTH
FERDC L+ S« END=100) REGLI-ET1+REGE+STEsLONLILAT1LONZLATE
FORMAT (12X 2 (2122 30N 2 4FE. :
CHT iREG13»=CHT (REG1: +1
CALL DIRDIS CDIRSDIST RADLAT»RADLONSLATLS LDHIW

IFCDIST.ST.RMAXKY CALL DIRDISCDIR1»DIST1-RADLAT: RADLOMS LHT;;LDH;)

IFDIZT.ST. RMAX. AND.DISTLI.GT.RMAXY G0 TO 1
II=5T1-272 ’
NE®T STHTEMENT FOR OWNLY STRTEE
IFCIILER.0DY &0 TO 1
AlEKM=RISTeOIINCDIRD
YIEM=DISTeDCOS (DIR
MIEC=IACEN+IDINT CH1kMeR
Y1IZ0=IVCEN+IDINT ¢ 1kMeR
CALL DIRLDISCDIRsDIZTsLATILON1LATSLOHS
CHEEEM=DISTSLSINCDIR
YEKM=DIST«DCOZDIR
HEACD=IDINT (S2KMeR)
NEICD=IDINT (Y2KM+H
WREITECITSY II+RISCeY ‘120 ?“.g..}C'Il" NESCD H1IKMs Y 1KM: X2KMs ¥2KM
FORMAT (¥ “sIZ2s2Hed(IdalxdadF10, 12
=0 TO 1

100 Do 101 I=1,140
101 WRITE (Rs 102> IsCNT I
10e FORMAT < COUNT FOR RESIDN “» IS IS “s1I82

=TOP
EHMD

-57-



SUBROUTINE DIRDIZCDIRSDISTsLATS LONS. LATD LOND
IMPLICIT REARL#S (R=Z

E=1.SFOP98327D00-LATS

A=LONZ-LOND

C=1.5F0F98327D00=LATD :

TMPP=DCOS CE» +DCOS (3 +DEZIN (B «DS IN (CH «DCOS A
IFCTMPP.GT. 1, D00y THPP=1. 0DOO

IFCTMPP.LT.~1. 0000 THMPP=-1, 0000

DIST=DARCOS CTMRP

THPP=COCOS 0y —DCOS cOIST) «DCOSE B 2 ~ DS INCOISTI «DSIN CREY o
IFCTHMPP.GT. 1. Q000 THPP=1, 0000

IFCTMRP.LT.=1. 0000y THPP==1, QDOND -

DIR=DARCOS cTHFP) '

DIST=DIST+5. 3592315003

IFCOSIMCAY JLT. 0, 0000y DIR=4, 0D00s] . STOFS28227D00-DIR
RETURN

- END
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Hapt s b b A ke s
P BACKGRALND

RESUMES IMPUT DATR I8 FROM rsl bR EXTRACTION PROGRAM
AN IS IN FILE IMB&TH

YERSIUM 1.8 JULY, 1979 MARK MATHELSOM--SSD LIRH HUS
AR KA A S R R D I SIS SISO SO RAC IR ICERHCIDIGR SO ORI KKK
EXTERNAL GFDL.COMMH, UTF.DELTAVED
COMMON./DTA/IGA. ICOUNT, IREC
IHTEGER IGASEE6)
CALL OPENCZ, ¥ IHMATA",
SIGARCLY="WR”
IGACR="HE" COMMS
DRIy ="PH"
IEACAY =" BE”
GRSy ="2p"
IGACSI " RAR7
CRLL Corrid
caLL GRD!
12 READS. R CI'D'IQE}) (”: (J).J=1.4)
2 FORMAT I EH.
CALL DELT '”'_r
GO TO 12
188 CALL CLOSE (5. JER)
caLl Utk
3T0R
EHJJ

C‘}C,l .l..-..l, Loabonlsul, Lonisntonl -
LR TSN S S R TS e e

+ ¥ AnKaAmnimrkaniaR Aol RsloRokC RIckNaKIoRY: eseseiesioloksieinie
COMM HENDER SUBRGUTINE FOR AFNS GRAPHICS PACKARE

VERSIAM 1.A JULY 1A 1979 MARK MATHELSOM--S3D LRK NWS

OO0

OTTEN BRY GLENAITE
1GRAMS l-JFZITTET:
‘LTI-“ FILE NApE

R I

2utant stonton,
RETERATNY (1 Lo 1o BRI

1GNn<8 ="1
C GRIH QuTruT
Chll I

-~ R
aLL o

A2 TERY

T2 IER. 2

T =59~



: C****mm**mm**********ww*****m*****************;#*m*m*m*********
TEXT WRITING SURBROUTINE FFOR AFOS GRAPHICS

VERSION 1.8 JULY 14,1978 MARK MATHEWSON--SSD WRH NWS

ADAPTED FROM ROUTINES WRITTEN BY ALEMANDER MACDONALD AND
JIM.FORS OF SSD WRH NWS. THESE ROUTIMES WRITTEN FOR RUNNING
ON NOVR312. :

TEXT WRITING ROUTINE WRITES TEXT IN THREE SI1ZES SPECIFIED BY
ISIZE=8,1.2. IX AND IY SPECIFY STARTING COORDINATES. IJ=#L0RDS
AcieRicioRokReIeRHORICIOR DR RiotoksiolRIsIakciloRARRORR st kakstokamieiaRlokia ok
COMPILER NOSTACK

SUBROUTINE TEXT(LJ,ISIZE.IX.IY)
COMMON-DTRZIGR. ICOUNT, IREC

INTEGER ZZ¢3),IGA(S02) : ZZ IS TEMPORARY ARRAY

ICOUNT=1J

Z2(1) =142480K :TEXT RASCII INSTRUCTION
22(2)=1X : IX START COORDINRTE
223 =1y, : 1Y START COORDINATE

IF(ISIZE.EQ. 1. 0R. ISIZE.EQ.3) fALL ISET{Z2Z(2).14)
IF(ISIZE.EQ.2.0R. ISIZE.ER.3) CALL ISET(Z22(2).1%)
CALL WRITR(1,IREC.ZZ.3, 1ER)
IREC=IREC+3

C WRITE TEXT INTG BUFFER
CALL WRITR(1, IREC, IGA, ICOLNT, TER)
IREC=IREC+ICOUNT s:UPDATE RECDRD COUHTER
RETURN
END

VERSION 1.8 JULY 14,1979 MARK MATHEWSON--SD WRH NWS

C DELTAVEC DRAWS A SINGLE VECTOR GIVEN THE STARTING CODRDIMATES
C AND THE RELATIVE X AND RELATIVE Y CHANGES.
C--WRITTEM FOR THE NOVAZI2.
C IGAC1)=X START. IGA(2) =Y START. IGA(3)=DELTA X, IGA(4)=DELTA Y
C******)k**’k*?ﬂ**ﬂt‘lcii:lnk********:lWK:I:M:>M*M*3KMWGWI<WMM*’iﬁk*%k***
COMPILER NOSTACK
SUBROUTINE DELTAVEC
COMMON-DTA-IGA, INOUNT, IREC
INTECER 1(G) . IBAISBE)
1 ]—v" 1 v "
C WRITE Tl 1““F“'“” SET
IC(1r=11408K (VECTOR RELATIVE INSTRUCTION
Iy =16GAYT 1D
I{33=16ARC2D
1¢3)=2

I(5¥=1GAC3 :DELTA X
1(B)=1GAL4) sDELTR ¥
D0 1 JJ=3.6
1(J2=IAMDCICII) L MBK)

1 CONTINUE

CALL WRITRC1, IRCC,I1.6.1ER)
IREC=IREC+6

RETURH

END
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CrtntokeiiofolorAslofociofsh 1Rkl s ooilkaRR 0K R KR IORNORAOIIORICOK R AOKAORHCIOR R AOR AR KK
[ UNIVERSAL TRANSMISSION FORMAT FOR AFUS GRAPHICH
C
-C VERSION 1.8  JULY 14,1979 MARK MATHEWSOM=--SSD WRH Ko
c
. ADARTED FRIM ROUTINES LRITTEN 3Y SLEXAMDER MACDONALD AND
C JIM FORS JF 85D WRH NWS. THIS ROUTINE WRITTEN FOR NNYAZ1Z2.
[
C UTF WQUTINE EZRPLACES 283K BYTE WITH @ DEL.FF SEQUENCET (28K, 14K)
C AND REFLACES A DEL BYTE LITTH A DEL,.DEL SEQUENMCE. IT ALSO ADRDS
C A 283K BYTE (EMD Dr TRANSMISSION) TO THE END COF THE BLAICK
Csicdoisiomiokiekiekirdeiskrnasieicininiasicleloliokictorinin s stiololcloioioivimmoisioiisnicioiiornorHsionk
COMPILER NOSTHCk
SUBROUTINE UTF
COMMOMNADTAZIRA. ICOUNT . IRFC
INTEGER IGASA6: . CREC,. MK
MSK=377K
C DPEM TEMPORSRY FILE AFO3GPH. XX
CALL DFILLC"DP1:AFCSGPH.XX", IER)
CRLL CFILL("DP1:AFOSGPH, XX" ,L,IEQ)
CALL OPEN(Z,.*DPL:AFOSBEPH.XX", 2, IER. 2 :RANDOM. 2 BYTE RECORDS
C FEAD FILE 1 TO FILE 2 AND MAKE ﬂFrPU CHQNGES A5 UE GO.
IREC=R
. ORCC=H
1 CALL RERBRUL, IREC/Z. 1G4, 1, TERD
C IREC=IREC-1
E LJERLD) GO OTO ias BN UF
{ sav HE.AY IGSC1r=ICH
IR IGACL) . MBKD
IFCIEACTYLNE, ﬁﬁoh* GO TG o .HnT 283K
CIERACL) =28K REPLRCE LITTH DLE CHA ARGCTER
CALL WRITRC »URLCJIEH:I;I:R)
IGAC(1) =14K ;REFLACE WITH FF CHARACTER
CRLL WRITR(2.CREC+1.1GA.1, IERD
OREC=0REC+2Z
GO Th 1|
5 IFCIGACLY JME. 28K) G0 70 19 ;NOT DELETE CHARACTER
CALL WRITROZ,OREC. TEA.L L, IERD WURITE DELETE
OREC=ORELHFT
19 QLL LRITRCZ,QREC, AL 1, TERD :WRITE CHARACTER
0§ lHL“l

JLURTTE EMD AF FILE

EC
44 CaLL RENDR(Z,OREC, IGA.2Z :NEAD TLIO RECORDS
IFCIER.ER.D G0 70 145 OF. DATH
IR 1 =ISNFTLIGARCLY, Br+IGALED 1COFRINE BYTES
CALL WRITRCI.IREC, iGA, 1, TERD WRITE 1T

IREC=IRECH+1
IREC=0REC+2
Ll TG <4

C END PRIOGRAM

125 uHL! E: hdl

1 IERD

ML WL TER
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c ;;::K::;:!"lr*'f"cﬂgtkwfzpz-:""-Jr~'"!'-l—~"~!~"::-' ol R RSO OKRACR MR A slesifeieeiebiaioRNE I OIAOR NG K
GRAPHIC PRODUCT ILi- INEVYON FOR AF0S GRAPHIC PACKAGE

WERSION 1.A JULY 14,1972 MARK MATHELISOH--SED LRH NWS

ADAPTED FROM ROUTIMES WRITTEN BY ALEXANDEE MACDONALD AND
JIM FORS OF S8D LRH MWS. THIS ROUTINE WRITTEN TO RUN ON

c
C
c
c
c
c
L NOVA312.

L]

C THIS SUBROUTINE DEFINES GRAFHIC PRCDUCT MWD DRAWS BOX
€ AROUND BOUNDARY.
Celeloriiciimaiiciziaiaioiorraniockiomnisiisoriaicisicibiaioicoroliekisioriorkokcok
COMPILER HOSTACK
SUBROUTINE GPD1
COMMON-DTAIGA, ICOUNT, IREC
INTEGER I1GA(SE8:2
C PRODUCE GRAPHIC PRODUCT DEF.
IGA(1)=2488K :NECESSARY FOR UNKNOWN REASON
IGR{(2)=148408K :GRAPH PRUD DEFIN.
IGAR(3) =8 ;GEQGRAPHY SCALE
IGA(4) =1080aK sFRXIMUM T COORDINATE
IGACD) =6884K sMAXKIMUM J COORDINATE
IGA{H) =6 :DAY-MUNTH=-YERR
IGACV)Y =B :TIME-PDC
C PRODUCE BOX AROUND SCREEN
IGA{8)=1414B8K :RELATIVE VECTOR INSTRUCTION

IGR(E =0 : 1 COORLINATE START
IGR(18)=0 :J CUORDINATE START
IGR(112=8 ;8 WORDS FOLLOW
IGAC1IZ) =0 : DRAW UP

IGA(13) =3078 A
IGA(14) =4990 3 IX
IGR(15)=8 : 21y
166(16)=0 :DRAl DOWN
IGRCI7T) =-3870
IGACIR) =—JO00
IGal19Y =0
C CLEAR HECERSARY RITS FOR CORRFCT IMGTRUCTIONS
DO I LI={/.18
CALL ILLRvita(IJa, 182
CALL ICLE(ILAd I, 1)
CALL ICLRCIGARLGTY, 130
1 CONTIMNUE
C WRITE BUFFER 70 NI&K
CALL WRITRC(1. IREC, IGA. 19, IER)
IREC=IREC+19
RETURN
END
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General Purpose
interface Board for Data
General or simiiar type
compuiers

BASIC BOARD
.includes BUSY/DONE logic, interrupt
acknowledge and mask logic. All data lines are buffered
with gates to allow multiplexing data to the computer by
“OR" tying input data at the input of the buffer gates
rather than on the computer data line bus.

Muttiple Device Controllers—The printed circuit logic
is used for one device controller but all device select (ad-
dress) lines and all contro! signals from the computer
are buffered and accessible via wirewrap posts so that
other device controllers can be mechanized on the
wirewrap socket portion of the board. This includes the
capabiiity of routing the interrupt and data channel
priority lines to the extra device controllers. The GPYO
manufactured by Data General board does not aliow for
- a convenient method of mechanizing extra device con-
trollers 'on its board. ‘
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R " ' 1 : [
IKMS g 1 | .
DALl (A:CY :_L t M ' | MASK —{ WTH
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BUFFER A
INTERRUPT
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s s | O3 l
= BUFFER A L—— TR (0:9)
ws | | &9 LT ouss
AEND
L “l
- nMA Crinmna
e THAING LOGK
- 30sd ATA st %7 R
I e CONTMOL
g\%";g BUFFER
5550
Eead | [ . £ 5""“"“
St~

request,

110 DATA REGISTERS

There are two general 16 bit 1/O registers—one for
input and one for output. The input data register may be
loaded with a 16 bit word or each byte may be loaded
separately for byte unpacking. The output data regi
is loaded with a 16 bit word from the computer and may
be read by the user as a 16 bit word or may be read as
two 8 bit bytes using the byte packing multiplexer in-
cluded on the printed circuit logic.

There are two additional 16 bit registers that may be
used as a general input data register and a general out-
put data register or may be employed as an address
counter register and a word counter register when the
user is interfacing to the computers data channel. The
word counter register is also connected to a zero word
count detection circuit for terminating the block data
channel transfer.

DATA CHANNEL CONNECTION
-Includes data channel synchronization and request

‘and acknowledge logic. Data channel control signals

are buffered and accessible by wirewrap posts so that
multiple device controllers may be mechanized for dats
channel interface.

COMPUTER
REG WPUT REG. iNFUT REG MPUT 0aTa BUS
& I I
o:'gr'a S '
Al ?ﬁ‘;__ P—{J REG CLEAR
INPUT DATA DATA DATA PEG/
L 5 o o acRESs L) REG LOAD
CONTER | nchienT X
—
“{67()”! ?ﬁ 5
ETTE o N g -
> . ST
DATA iDATA TaTA
©7 [ ©ue
T2 (o9 [? §
OFEN COLLECTOR BUS - 2| o=
DATA 015) CE] ,<}.J o2
REG iNPYT REG NPT REG INAUT
oata O7) . OATA {8:15) DRYA (019) DATA LINE B¢ 5 FER
REG QLEAR
o0 }-(:; a5 cLess
OSTRUT DATA OUTRUT DATA DATA REG
"G 8BTS RGBETs | |weep CoTER FEG 1000
é CREMENT QLK
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REG OUT REG CUT REG QT
on & ] [ Den ™= o
43
SFLECT Al 2600 COUNT
v e B R
[T TR
L
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TECHNICAL DESCRIPTION
GENERAL-PURPOSE INTERFACE BOARD

INTRODUCTION

This technical description gives a general description of the MDB Systems General
Purpose Interface Board (GPIB), and provides information for configuring and using the
GPIB.

The GPIB contains basic interface logic for communicating with the 1/O bus of 2 Data
General computer (or other computers emulating a2 Data General computer), plus facilities
for building user-designed and furnished device interface logic.

The GPIB offers the user an economical means of building a computer 1/0O bus-to-device
interface without the need to build the bus interface common to all device controllers.
Approximately one-half of the module area provides wirewrap and printed circuit facilities
for installing a large number of DIP devices and discrete components forming the device
interface. The other half of the module contains logic to-interface the user-built logic with
the Data General I/O bus.

This technical description assumes that the user is familiar with the Data General 1/O bus
interface and has a general knowledge of device controllers working with the bus.

PHYSICAL DESCRIPTION

The GPIBis a lS-inch-squafe printed circuit board built to plug into any Data General
computer or expansion chassis. Even with user-built logic, it requires only a single slot
position in the chassis.

The rear half of the module contains 1/O bus interface logic. Data, address, interrupt
priority, and other control lines that may be used to interface with user-built logic appear
at two rows of wirewrap pins (rows X and Y) at the center of the module.

The remaining half of the module contains positions for as many as 105 fourteen- or
sixtecn-pin DIP devices making up user-built logic. Device positions are arranged in
columns numbered | through 15, and seven rows designated F, H, J, K, L, M, and N,
respectively.

Columns (except columns 4, 8, and 12) accommodate standard 16-pin DIP devices with
pins on 0.3-inch centers; except in row N, where columns 1, 2, 3, 13, 14, and 5
accommodate only 14-pin devices.

Sixteen-pin positions have pin 8 etched to the ground plane on the component side of the
board. and have pin 16 ctched to the +5V (Vcc) bus on the solder side. On the solder side
an etch conductor connects pins 7 and 8 together, accommodating 14-pin devices with
standard ground and Vcc pin assignments. Wherever a position is used for a 16-pin device,
the ctch between pins 7 and 8 must be cut.
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When a device has non-standard power and ground pin assignments, the power and
ground etch must be cut as required before the device is installed.

The six 14-pin device locations (row N, columns 1, 2, 3, 1.3, 14, and 15) have pin 7
connected to the ground plane, and pin 14 connected to the Vcc plane.

Between rows are pads in which the user may install ceramic decoupling capacitors with
leads spaced 0.3 inch apart. Pairs of pads spaced 0.7 inch apart, at both sides of the
module, accommodate axial-lead tantalum decoupling capacitors.

Columns 4, 8, and 12 have pads at 0.1-inch intervals, through all rows, to accommodate
DIP devices having pin spacing of 0.3, 0.4, or 0.6 inch. Pads are etched to ground and to
the Vcc plane to connect pin 8 of a 16-pin device to ground, and connect pin 16 to Vcc.
Using other than 16-pin devices, these connections may need to be cut. Using 14-pin
devices connect pin 7 to the ground plane.

The two rows of wirewrap pins that interconnect 1/ O bus logic and user-built logic are
designated X and Y, with pins in each row numbered 1 through 140. Some of these pins
are connected to unassigned fingers on the module’s B connector.

" Near the A and B connectors are two rows of pins (rows S and T), numbered 1 through
33. These pins are connected to unassigned pins on A and B connectors. The user may use
these connections to connect the GPIB to the peripheral device. The user must, in this
case, provide a cable between the chassis backplane and the device. Table 1 lists wirewrap
pins in rows X, Y, S, and T, and the backplane connector pins to which each is
connected.

At the front edge of the module are pad patterns to accommodate two ribbon cable
connectors (Pl and P2) having 20, 26, 34, 40, or 50 pins. Refer to the MDB price list for
ordering information.

The user will, generally, install wirewrap pins on the wirewrap area of the module.
However, the user may order the Wirewrap Option (MDB-4043) which furnishes wircwrap
pins installed in all DIP device positions. Pins are mounted on the component side of the
board to minimize space requirements in the chassis. '

Another option (MDB-4044) furnishes both installed wirewrap pins and low-profile DIP

sockets in all device positions. Unless otherwise ordered, 16-pin sockets are installed in all

positions except the six 14-pin positions in row N, where [4-pin sockets are installed.

An optional Board Cover (MDB-1024) may be furnished to protect wirewrap wire from
interference by the module mounted in the next-higher slot in the chassis.
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‘Tabie 1. FINS AVALIADIC 1UI 1JCVILC AIIECIIALE LUl LIswss

Wirewrap  Backplane | Wirewrap Backplane | Wirewrap  Backplane
Pin Pin Pin Pin Pin Pin
TIS A47 S23 A8l S31 B23
T16 A49 T24 A83 T31 B2S
Sis AST S24 A84 S32 B27
Si6 AS9 T25 A8S T32 B31
S17 A6l S25 A86 S33 B34
TI8 A63 T26 - A87 T33 B36
T19 AG65 S26 A88 Y105 B38
T20 A67 T27 A89 X105 B40
S20 A69 S27 A90 Y106 B48
T21 A7l T28 A9l X106 B49
S21 AT3 S28 A92 X114 B51
T22 AT5 X8l - B6 Y14 BS2
S18 AT6 T29 Bll X115 BS53
S22 AT7 T30 BI3 Y115 B54
S19 AT8 S29 BIS Y125 B67
T23 A79 S30 -‘BI19 : X125 B69

The following pins are available only at slots not dedicated for memory
modules, and also in the MDB Expansion Chassis MDB-NEC-01.

TI *AS5 S6 Al6 TIl *A25
T2 A7 T7 Al7 S11 *A26
S2 *A8 S7 Al8 TI2 A27
T3 *A9 T8 Al19 S12 A28
T4 All S8 A20 T13 A29
S4 *Al2 T9 A2l Si3 A30
TS *Al3 S9 A22 T14 A3l
S35 *Al4 Ti10 *A23 Si4 A32
T6 AlS St0 *A24

*These pins are available on NOVA 3 computer, slot 4 and above. Sl is
connected to A6 which is -5V on backplane. S3 is connected to A10 which
i1s +15V on backplane.

FUNCTIONAL DESCRIPTION

Figure 1 shows the general organization of the I /O bus interface logic available on the
GPIB module. '

The basic configuration (MDB-4040) provides buffers for the device address, data status,
and control lines. Data may be multiplexed to the computer through OR lines at buffer
gates, instead of on the computer data bus. Address, data, status, and control lines present
only a single TTL. load at the bus.

The basic configuration also provides complete address decoding and Busy/Done logic; as
- well as interrupt request, mask, and priority logic.
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The Register Option (MDB-4041) provides four 16-bit registers. The Input Data Register
may be loaded with lower-order and higher-order bytes, with the 1/0 bus reading a 16-bit

"~ word from the register. The Output Data Register receives a 16-bit word from the 1/0
bus, and presents two 8-bit bytes to a byte multiplexer from which the device interface
may sclect either byte.

Two additional registers included in the Register' Option may be uscd simply as input and
output registers, or as counters if the Data Channel Option (MDB-4042) is included on
the module.

In data channel operations, one register (input) may be loaded from the bus with a
starting address, and incremented with subsequent input data transfer cycles. The output
register may be used as a word counter, loaded from the bus with the number of words to
be transferred, and counted down with subsequent output data cycles. A zero count
detector is provided to terminate block transfers.

The Data Channel Option provides all logic required to generate data channel requests,
arbitrate priority, and buffer control signals to and from the bus.

Even though the GPIB is designed to serve a single device, all device address lines and
control signals at the bus are buffered and accessible so that additional device controllers
can be built, as space permits, on the wirewrap area of the board. Note that the Data
General GPI/O board will not conveniently accommodate more than a single controller.

LOGIC UTILIZATION

The following paragraphs describe the manner in which logic shown in figure 1 operates,
and explain how the logic'may be utilized by the user.

BASIC CONFIGURATION

Logic included in the basic GPIB is shown in sheet 1 of the logic diagram included in this
manual. All logic terms are asserted true in the high state (+5V) except when the term
appears with a bar over it. The bar term is asserted true in the low state (zero volis).

Data Bus Drivers and Receivers

Data on the bidirectional data lines (DATAO - DATATS) is received by inverting gates
which provide outputs DATAO through DATA1S. Note that DATAO is the most-significant
bit. These outputs appear at wirewrap pins for use in user-built logic, and appear at inputs
of the (optional) output data registers.

The 1/0 data bus is driven by open-collector bus drivers which are driven by inverters.
Inputs to the inverters (IDATAD - IDATATS) may originate at wirewrap pins in the user-
built logic. and at outputs of the (optional) input data registers. Open-collector or tri-state
drivers should be used to drive the IDATAR lines from uscr-built logic. '

Table 2 lists the data lines and wirewrap pins at which each is terminated in pin rows X
and Y. '
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Table 2. Input/Output Data Bus Pin Assignments

Computer Pin GPIB Pin GPIB Pin

Data Bus . |Number | Output Bus | Number | Input Bus | Number
DATAO/B62 | X59 DATAO Y22 IDATAO X96
DATAL/B65 | X65 DATAI X23 IDATAI Y103
DATA2/B82 | Y60 DATA2 X22 IDATA2 Y97
DATA3/B73 | Y65 DATA3 Y23 IDATA3 X102
DATA4/B61 | Y68 DATA4 Y32 IDATA4 Y107
DATAS/B57 | X74 DATAS X33 IDATAS X113
DATAG6/B95 | - X68 DATAG6 X32 IDATA6 X107
DATA7/B55 | Y74 DATA7 Y33 - IDATAT Y113
DATAB/B60 | X78 DATAS Y43 IDATAS X117
DATA9/B63 | Y85 DATAS X44 IDATAS X123
DATA10/B75] Y79 DATAIO X43 IDATAIO Y118
DATAI11/B58| X84 DATALI Y44 IDATAT11 Y123
DATA12/B59| Y87 DATAI12 X52 IDATAI12 Y126 |
DATA13/B64| Y9%4 DATAI13 Y54 IDATA13 Y133
DATA14/B56| X87 DATA14 Y353 IDATA14 X126
DATAI15/B66| X93 DATAILS X53 IDATAILS | X132

Device Select Logic '

The 1/0 bus device select lines (DS0 - DSS5) are received by dual inverters which generate
terms BDDSO through BDSS, and their complements (BDSO is the most-significant lme)
These terms are connected to wirewrap pins for user access.

Device select terms DSLTO through DSLTS are mputs to the device address decoder and
must be wired from wirewrap pins to appropriate BDSn or BDSn lines. These lines are
available at wirewrap pins in rows X and Y as listed in table 3. This table also lists pins at
which the device select bus lines are available.

Table 3. Device Select Line Pin Assignments

‘omputer . . . P .
[)iviccpSclect GPIB Pin GPIB ) Pin Devi(ie ISB;lect Pin .
. BDS Line | Number | BDS Line | Number . Number
Line Line
DS0;A72 BDSO Y36 BDS0 X86 DSLTO X137
DST:A68 BDS! X76 BDS!1 Y77 DSLT! Y138
DSZ. A66 BDS2 X77 BDS2 Y78 DSLT2 X138
DS3 A46 BDS3 X58 BDS3 Y59 DSLT3 Y137
DS4. A62 BDS4 Y67 BDS4 X67 DSLT4 Y139
DS5. A64 BDSS Y66 BDS5 X66 DSLTS X139
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For example, the following connections are required to encode the address 62;:

X137 1o Y86
Y138 to X76
X138 to Y78
Y137 to Y59
Y139 to Y67
X139 to X66

(DSLT0 to BDSO)
(DSLT1 to BDS!)
(DSLT2 to BDS?)
(DSLT3 to BDS3)

(DSLT4 to BDS4) -

(DSLTS to BDS))

Be sure to connect lines bit-to-bit, in the correct order, because the DSLTn lines also form
the device address returned to the computer to acknowledge an interrupt.

When the selected address appears on the lines, the term DEV SLT becomes true at
wirewrap pin Y2. This term gates the contents of Busy and Done flip-flops to the
computer, and gates a number of control signals received on the bus to internal logic.

Interface Control Signals

The basic GPIB/computer interface has 15 control lines controlled by the computer, and
five lines controlled by the GPIB.

Computer generated control signals are received by buffer gates with outputs accessible at
wirewrap pins. These terminations may be used in implementing additional controllers in
the wirewrap area of the module. Device-oriented lines (gated by DEV SL’D control
Busy /Done logic, load output registers, read input registers, or perform various functnons

in the user-built logic.

The five control signals ongmatmg at the GPIB are driven by open-collector gates.

Computer-generated control signals are listed and defined in table 4. Control signals
originating at the GPIB are listed and defined in table 5.

Table 4. Computer OQuiput Control Line Pin Assignments

Computer Buffered . | Device-Selected | _. .
Control Line | Control Line Pin 1 " Control Line | ™ Description
STRT/AS2 BSTRT X13 | STAR Y13 | Sets Busy, clears Done

' : & INT REQ.

CLR/AS0 BCLR . Y14 | CLEAR X14 | Clears Busy, Done,
& INT REQ.

IOPLS/A74 BIOP X15 | 10 PULSE Y15 | User signal. May be
used for user-defined
control pulse.

DATIA/A44 BDIA Y4 DATA IN A |X3 | User signal. May be

. connected to read Input

Data Register or
Address Counter
Register.
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Table 4. Computer Qutput Control Line Pin Assignments (cont’d)

Computer Buffered Pi Device-Selected Pi Descrintion
Control Line Control Line " | Control Line m escriphio
DATOA/AS58 | BDOA Y12 | DATA OUT A {X12| User signal. May be
' connected to load

- Output Data Register
or Word Counter
Register.

DATIB/A42 BDIB X2 DATA IN B |Y3 | Same as DATA IN A,

DATOB/AS6 |- BDOB X6 DATA OUT B | Y6 | Same as DATA OUT A.

DATIC/A54 BDIC Y5 DATA IN.C |{X5 | Same as DATA IN A,

DATOC/A48 | BDOC Y38 | DATA OUT C|X38{ Same as DATA OUT A.

INTA/A40 INT ACK X28 Reads device address in

‘ GPIB when INTPIN
and INT REQ are both
true.

RQENB/B4! RQENB X104 Synchronizes INT REQ
and DCH REQ to
computer.

MSKO/A38 MSKO Y39 Masks out INT REQ
when mask bit is on a
data line.

IORST/A70 10 RESET A | Y16 Resets all GPIB control
logic.

INTPIN/A96 Determines priority of
GPIB interrupt request.

DCHPIN/AG4 Determines priority of

GPIB data channel
request.
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Table 5. GPIB Output Control Line Pin Assigmnpents
Computer . GPIB " N
Control Line Pin Source l. m Description
SELD/AS80 X27 | Done Flip-flop X8, | Asserted when Done is set and DEV
X9 | SLT is true.
SELB/A82 Y17 | Busy Flip-flop X1 | Asserted when Busy is sct and DEV
SLT is true.
TNTR/B29 X48 | INT REQ X16 | Asserted when INT REQ flip-flop
is set.
INTPOUT X62 | INTP IN and -— | Connect X62 to X17. This allows
/A95 INT REQ INTP IN to propagate to INTP OUT
line when GPIB has not set
INT REQ.
DCHPOUT Y58 | DCHP IN and — | Connect Y58 to Y27. This allows
/A93 DCH REQ DCHP IN to propagate to DCHP

OUT line when GPIB has not set

DCH REQ.

Busy/Done and Interrupt Logic

The basic GPIB provides the standard mechanization of Busy/Done and interrupt logic
generally used to control device controllers on the computer 1/0O bus. '

Busy is set by the computer-generated STRT pulse and usually indicates the start of the
controller operation. The GPIB remains busy until user-built logic completes its operation
and sets Done, clearing the Busy flip-flop. Busy is also cleared by a computer-generated
CLR or IORST pulse.

The Done ﬂip-ﬂdp may be set by user-built logic in either of two ways:

a. By a negative-going pulse at wirewrap pin X7 (SET DNE), which d:rect-sets
the Done flip-flop; or

b. By a clock signal at pin Y7 (CLK DNE) with pin Y8 (CLK DNE EN) held
hxgh Note:that in this method Done can be set only while Busy is high.

The computer may monitor Done on the SELD line. If an interrupt is enabled. the logic
will set an interrupt request ( INTR) on the next rise of RQENB after Done is set.

The INT REQ flip-flop is usually set after Done is set, but there are two alternate
methods, as follows:

a. Disconnect Done (Pin X8) from pin X9 and control INT REQ with another
sighal at X9. Ground X9 to permanently disable interrupt requests.
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b. Assign a mask bit i soltware to appear on a data line (DATAO - DATALS),
and conncct the bit to pin X10 (MSK BL1). The computer can then disable interrupt
requests using a Mask OQut (MSKO) instruction to clock the assigned bit into the Mask
flip-flop. '

The INT REQ flip-flop may be reset by STRT, CLR, or IORST. The Mask flip-flop is
cleared to the “enable™ state by IROST.

The computer responds to INTR with an Interrupt Acknowledge instruction which asserts
INTA (along with DSO0 through DSS3) at the interface. The GPIB responds to INTA by
returning the device address (provided by the user-wired DSn lines to the device select
decoder) on the data lines if (1) INT REQ is set, and (2) the GPIB has priority (INTP IN
is asserted).

If INT REQ is not set, INTP IN is propagated to wirewrap pin X17. If another controller
is built on the GP1B, it will have thc next-lower priority. Therefore, connect X17 to the
INTP IN terminal of that logic. If the controller having next-lower priority is not on the

- GPIB, connect X17 to X62 (INTP OUT) to be transmitted to the next controller on the
serial priority chain.

If the Data Channel option is not used, connect pin Y27 to pin Y58 to propagate DCHP
IN to the DCHP OUT line. If the Data Channel option is to be used, refer to Dara
Channel Option.

i/0 RESET

IORST at the interface is inverted to form 10 RESET A, which resets all control flip-
flops in the basic GPIB iogi¢. 10 RESET A also produces I0 RESET, 10 RESET B, and
[0 RESET C, which may be used in user-built logic.

A reset signal gencrated in user-built logic may be connected to wirewrap pin X21 and
ORed with IO RESET A to also generate 10 RESET, IO RESET B, and IO RESET C.

REGISTER OPTION

Logic for the Register Option is shown on sheet 2 of the logic diagram included in this
manual. This option furnishes four 16-bit registers, as follows: '

. Input Data Register. This is the normal register for receiving data from user-
built logic for transfer to the computer.

] Input Data/Address Counter Register. This may be used either as another
input data register, or as an address counter with the Data Channel Option.

® Output Data Register. This is the normal register for receiving data from the
computer for transfer to user-built logic on the GPIB.

. Output Data/Word Counter Register. This may be used as another output data
register. or as a word counter with the Data Channel Option.
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Input Data Register

The 16 inputs to this register are connected from wirewrap posts. Each half of the register
may be loaded separately, with LIDRL (pin Y130) loading the eight least-significant bits,
and LIDRH (pin X110) loading the most-significant eight bits. To load the register with a
16-bit word, connect pins X110 and Y130 together.

To pack byte-oriented data, connect the byte data both to high-order and low-order halves
of the register, and load the halves alternately.

Assert RIDRL (pin X129) to reset the low-order half of the register, or assert RIDRH
(pin Y110) to reset the high-order half. Tie those pins together to reset the entire register. .

Register outputs appear at wirewrap posts for access to user-built logic, and to gates that
drive the GPIB input data bus. When RDIDR (pin X120) is asserted, the contents of the
register are strobed to the bus. RDIDR is normally connected to DATA IN A (pin X3),
DATA IN B (pin Y3), or DATA IN -C (pin X5), depending on software format.

Table 6 lists wirewrap pin assignments for signals related to the Input Data Register.

Table 6. Input Data Register Pin Assignments

Read Control RDIDR (X120)
High Order Byte Low Order Byte

Load Control LIDRH (X110) Load Control LIDRL (Y130)

Reset Control RIDRH (Y110) Reset Control RIDRL (X129)
Data Data GPIB Input | Data Data GPIB Input
Input | Output Data Bus Input | Output Data Bus
Y99 X97 IDATAO (MSB) | Y120 X118 IDATAS
X100 Y102 IDATAI Y121 X122 IDATAS
X98 Y98 1 IDATA2 X119 Y119 IDATATO
Y10! X101 IDATA3 X121 Y122 IDATALI
X109 Y108 IDATA4 Y129 Y127 IDATAI2
Yill X112 IDATAS X130 Y132 IDATAI3
Y109 X108 IDATAG X128 X127 IDATA14
X111 Y112 IDATAT Y131 X131 IDATALS (LSB)

Qutput Data Register

The 16 inputs to this register originatc at the 1/O data bus. Register outputs are connected
to wirewrap pins and to inputs of a byte-packing multiplexer.

The register is loaded by asserting LODR (pin X36) and is reset by asserting RODR (pin
Y36). Typically, LODR is connected to DATA OUT A (pin X12), DATA OUT B (pin
Y6), or DATA OUT C (pin X38), depending on software format.

The byte multiplexer selects either the high-order byte, or the low-order byte, at register
ouiputs and presents the selected byte to wirewra= ~ing for use by user-built logic. The
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byte is selected by BSEL (pin X57). The high-order byte is selected when BSEL 1s low,
and the low-order byte is selected when BSEL is high,

Multiplexer outputs may be disabled by connecting STR (pin Y!117) low.
Table 7 lists wirewrap pin assignments for signals related to the Output Data Register.

Table 7. Output Data Register Pin Assignments

T Multiplexer Control BSEL (X57) .
Load Control LODR (X36) ' Low = DATAO - DATA7Y
Reset Control RODR (Y36) High = DATAS - DATAIS
Multiplexer Disable STR (Y117)
Data In lz;::ta Data In 1();:::1 Multiplexer Out

DATAO (MSB) | X19 | DATAS Y41 X42

DATAI Y25 | DATA9 X46 Y42

DATA2 Y20 | DATA1O X41 - Y45

DATA3 X24 | DATAIl Y46 X45

DATA4 Y31 | DATAI2 X50 YS2

DATAS X34 | DATAI3 Y56 Xsl

DATA6 | X31 | DATA14 Ysi ‘ X54

DATA7 Y34 | DATA1S (LSB) | XS5 Y55

Input Data/Address Register

- This 16-bit register may be utilized as a second input register, operating in the same
manner as the Input Data Register described previously. The low-order byte is loaded by
asserting LACL (pin Y91), and is reset by asserting RACL (pin X90). The high-order byte
is loaded by asserting LACH (pin X71), and reset by asserting RACH (pin Y71). The
register is read by asserting RDAC (pin X116). -

This register may also be connected as a binary ripple counter, incremented by the
negative-going transition to clock input CAC (pin Y89).

Used with the Data Channel Option, the register is used as a memory address counter.
The user must connect the data inputs to the register, from the data bus. The register is
loaded with a starting address on the data bus (DATAO - DATA15) by an asserted -
command DATA OUT A, DATA OUT B, or DATA OUT C, depending on software
format. The register is incremented by CAC, provided by the inverse of the term
DCHSEL.DCHA (pin Y124) from user-built logic, updating the ‘address for each data

- channel cycle. . e
A -

The address counter register is rcad to the bus by RDAC (connected to DCHSEL-DCHA
pin Y124) during each data channel cycle.

Table 8 lists pin assignments for signals related to this register.
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Table 8. Input Data/Address Register Pin Assignments

Read Control RDAT (X116) Clock Input CAC (Y89)

v High-order Byte Low-order Byte
Load Control LACH (X71) Load Control LACL (Y91)
Reset Control RACH (Y71) Reset Control RACL (X90)
Data Data GPIB Input Data Data GPIB Input
Input | Output Data Bus Input | Output |  Data Bus
Y62 X60 IDATAOQ (MSB) Y81 X79 | IDATAS
Y63 | X64 IDATAI X82 Y84 IDATA9
X61 Y61 IDATA2 X80 Y380 IDATA10
X63 | Y64 IDATA3 Y83 X83 IDATAII
X70 Y69 IDATA4 Y%0 Y88 IDATAI12
Y72 X73 IDATAS X91 Y93 IDATAI13
Y70 X69 -1 IDATA6 X89 X88 IDATAl4
X72 Y73 IDATAT7 Y92 1 X92 IDATAIS (LSB)

Output Data/Word Counter Register

This 16-bit register may be utilized as a second output register, operating in the same
manner as the OQutput Data Register described previously. The register is loaded from the
data bus (DATAO - DATAIS) by asscrting LWC (pin X37), and is reset by asserting RWC
(pin Y37). Register outputs appear at wirewrap pins for use by user-built logic and (with '
the Data Channel Option) at a word count zero detector.

The register may be operated as a binary ripple counter, incrementing the counter with the
negative transition at the clock input CWC (pin Y50). ‘

Used as a word counter in the Data Channel Option, the register is loaded from the bus

- with the twos-complement of the number of words to be transferred in the block.
Subsequent CWC puises increment the counter with each data transfer, until the count
reaches zero to flag the end of the block transfer. In this application the CWC pin may be
connected in user-built logic to the term DCHSEL«DCHA (term DCHSELsDCHA is
available at wirewrap pin Y124). 4

The word counter detector output WCZERO (pin X29) is asserted when the word count
reaches zero. The term WCZERO is also available at pin Y29.

The maximum word count may "be preset by strapping disable signals WCDISA,
WCDISB, WCDISC, and WCDISD as follows:

WCDISA WCDISB WCDISC WCDISD
Max. Count  (Y18) (X26) (X39) (Y48)

65,536 open open open open
4,096 ground open open open
256 ground  ground open open

16 ground  ground ground open
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Note that because WCZERQ is generated by decoding a ripple counter, that term may
have spikes at clock intervals. A suggested method of ending a block transfer is to connect
WCZERO to CLLK DNE EN (pin Y&), and to connect CLLK DNE (pin Y7) to cither DCH
SET-DCHO (pin Y95) or DCH SELDCHT (pin X95).

Table 9 lists pin assignments for signals related to this register.

Table 9. QOutput Data/Word Counter Register Pin Assignments

Load Control LWC (X37)
Reset Control RWC (Y37)
Clock Input CWC (Y50)

Data Input Oll)l::)?.l ¢ Data Input Oll).:;t:x t
DATAO (MSB) X18 | DATAS Y40
DATAL Y26 | DATA9 X47
DATA2 Y19 | DATA1O X40
DATA3 X25 | DATALL Y47
DATA4 Y30 | DATAI2 Y49
DATAS X35 | DATAI3 Y57
DATAG6 X30 | DATAIl4 X49
DATA7 Y35 | DATALIS (LSB)} X56

DATA CHANNEL OPTION

Logic for the Data Channel Option is shown on sheet 2 of the logic diagram included in
this manual. Logic for this function permits the GPIB to control block transfer of data on
the computer’s data channel. Logic includes interface buffers, data channel control,
request and acknowledge logic, and address and word counters with word count zero-
detection logic (refer to Register Option).

The five data channel control lines originating at the computer (table 10) are buffered,
with buffer outputs available at wirewrap pins for connection to a second user-built device
controller on the GPIB.

Table 11 lists and defines the four data channel control hines originating at the GPIB.

Table 10. Computer-Generated Data Channel Control Lines, Pin Assignments

Computer Buffered Pin DCH-Selected Pin Descrintion
Control Line Control Line Control Line phio
DCHA/A60 DCHA X85 | DCHSEL. Y 124 | Returns memory address
DCHA to computer during data

channel cycle. May be
used to read Address
Counter by connecting

to RDAC (X116).
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Table 10. Computer-Generated Data Channel Control Lines, Pin Assignments (cont’d)

DCH-Selected

Computer Buffered . . T
C ontr(fl Line Control Line Pin Control Line Pin Description
DCHO/B33 BDCHO X944 | DCHSELe. Y95 | Use to access computer
DCHO output data on data
channel. To load Output
Data Register, connect
to LODR (X36).
DCHI/B37 BDCHI Y96 | DCHSEL. X95 | Puts memory data on bus
DCHI to be read by computer
during data channel
input cycle. To read
Input Data Register,
connect to RDIR (X120).
OVRFLO/B39 | BOVRFLO |X103|DCHSELs  [Y104{ Generated by certain
OVERFLOW model computiers to
indicate data overflow
during data channel
increment or add-to-
memory cycle.
DCHP IN/ A% Determines priority of
GPIB data channel
request,

Table 11. ' GPIB-Generated Data Channel Control Lines, Pin Assignments

Computer

GPIB . . o
Control Line Source Pin Descrnpt:on
DCHR DCH REQ X124 | Requests transfer to or from memory on
B35, X99 flip-flop data channel.
DCHMO MO X140 | Asserted during data channel cycle to
B17, Y140 allow computer to determine the type of
memory operation to be perférmed. User
DCHMI Ml Y136 | connects MO and M1 as follows:
B21, X136 ,
M0 M1 Data Channel Operation
0 0 Data QOut (read memory)
0 1 Increment Memory ‘
I 0 Data In (write to memory)
1 1 Add to Memory
Note that incrcment and add-to-memory are
valid operations only on certain models of
computer. '
DCHP OUT DCHP IN and Connect Y27 to Y58. This allows GPIB to
A93, Y58 DCH REQ propagate DCHP IN to DCHP OUT when

GPIB has not set DCH REQ.
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The user initiates a data channel request by setting the DCH SYNC (X134) flip-flop in
either of two ways, as follows:

a. Direct-set DCH SYNC with a negative-going pulse at pin Y135 (SET SYNC), @)
or

b. Set DCH SYNC with a clock at pin X135 (CLK DSYNC), with pins X133 and
Y134 (DSYNC EN1 and DSYNC EN2, respectively) both held high.

For repetitive data channel requests, SET SYNC may be held low while the data channel
requests are asserted. SET SYNC must be raised before, or during, the last DCHA signal
required for the repetitive data channel operations. '

DCH SYNC is normally reset with the DCH-selected DCHA pulse or IORST. DCH
REQ (pin X124) is set by the positive-going transition of the next RQENB pulse after
DCH SYNC is set. This asserts DCHR at the computer bus. DCH REQ is reset by the
next RQENB pulse after DCH SYNC is reset, or by IORST.

DCHP IN is propagated to pin Y27 if DCH REQ is not set. The user may connect pin
Y27 to user-built logic, or connect it to pin Y58 (DCHP OUT) for transmission to the
‘next controller on the 1/O bus.

MAINTENANCE

Refer to the logic and assembly diagrams in this manual, and to appropriate D4ta General
manuals for the NOVA computer. %}

Repair the module using appropriate skills, techniques, and materials. Contact MDB
Systems” Customer Service Department for assistance, if necessary.

Do not return the user-configured module to MDB Systems without prior permission of
MDB Systems.
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