





NOAA Technical Memorandum NWS WR-148

A REAL-TIME RADAR INTERFACE FOR AFOS

Mark Mathewson

Western Region Headquarters
Scientific Services Division
$Salt Lake City, Utah

January 1980

UNITED STATES / NATIONAL OCTANIC AND
DEPARTMENT OF COMMERCE / ATMOSPHERIC ABMINISTRATION
Juanita M. Kreps, Secretary Richard A. Friank, Administcator

/

/' National Weather
Service
Richard E. Halkgren, Direclor




This Technical Memorandum has been
reviewed and is approved for
publication by Scientific Services

Division, Western Region.

S A Skl

L. W. Sne!lman, Chief

" Sclentific Services Division
Western Region Headquarters
Salt Lake City, Utah

i




II.

I1I.

Iv.

TABLE OF CONTENTS

INTRODUCTICN . . . . . . .
HARDWARE e e e e e e e
A. Hardware Description--General

B. WSR-74C Radar Signals . . .
C. Radar Simulator . . . . .

D. Radar Interface-—-Antenna and Status

E. Radar Interface--Interrupts .

F. Radar Interface--Byte Packing Logic

G. Radar Interface--Data Channel

SOFTWARE e e e e e

A. Software-~—QOverview .

B. Software--Radarlog . .

C. Software--Grid e e e e
b. Software-—-Graph . . . . .
E. Software--Map Backgrounds .

F. Software--Parameter . . . .
G. Software-—Control e e e

IMPROVEMENTS AND RECOMMENDATIONS

A. Ground Clutter Rejection .
B. Regional Maps . . . . . .
C. Precipitation Totals .
D. Alarm Products e v e e
E. Parameter Change . . . .

F. Operating System . . . . .
G. Elevation . . ., . . . .
Jiii

.

. 11

11
14
14

18

18
18
23
23
32
32
32

34

34
34
34
35
35
35
35



Figure

"Figure

Figure

Figure

Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

Figure

10
11
12
13
14
15
16
17
18
19
20
21
22

23

FIGURES

Radar - AFOS Interface , ., ., ., .
Radar Computer Hardware , . . . ,
Radar Interface Board Instruction Set
WSR-74C Signals., . . . . . . .
WSR-74C Radar Waveforms , . . . ;
Radar Simulator - Data Portiom. , .

Radar Antenna Simulator . . . .

. 10

Azimuth, Elevation, and Status Interface

Interrupt Request Logic ., ., ., . .
Byte Packing Logic e e ; .
Data Channel Circuit . ., , ., . .
Input Data Register Circuit v e s

Radardata File Format - Version 1.0 .

Radarlog Flow Chart . ., . . .
Radarlog Interrupt Scheme ., . ., .
Grid Quadrants . . . ., . .

Grid Program Flow Chart . . . . .
Grid Processing Data Scheme - e .

Graph Program Flow Chart PO
Graph Processing Flow e e e e
Graph Block Data Subprogram Breakdown
Control Program Flow Chart , . , .,

Radar Parameter Change Procedure ,

iv

12

13

15

. 16

17

. 19

. 21

22

24

25

26

28

29

30

33

36




PROGRAM LISTINGS

Radarlog . .

Grid . e .
Grid . .
Quadchg .
Bedrad .
Blockdata

Graph . . .
Graph
Bedrad .
Blockdata
Decasc .
Status .

Parameter . .

Control .

Map Backgrounds .

IBM 360/168 Map Ex

Mapmake .
Commh .
Text .
Deltavec
Utf . .
Gpdl .
Blockdata

MDB INTERFACE BOARD

MDB Schematics

MDB Technical Description

Radar Simulatoxr Patterns
Various Resolutions
Level Thresholds
AF0S Zoom Feature

.

LAX  Ground Clutter .

AFOS — RADAR OUTPUT EXAMPLES

.

-

APPENDIX

traction

-

38

38
45
45
47
47
48

. 49

49
51
52

. 53

53

54
56

. 57

57
59
59

. 60

60
61

. 62
. 63

64
65
67

85

. 86

a7

. 88

89
90




A REAL-TIME RADAR INTERFACE FOR AFOS

Mark Mathewson
Scientific Services Divison

I. INTRODUCTTON

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 feas1b111ty of an 1nexpen31ve
real-time radar tool.

This technical memorandum describes the software interface between a
-WSR-74C weather radar and AFOS. By using a Nova31l2 mini-computer as the
interface device, real-time displays can be made available to forecasters
on AF0S.

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 degcriptions
and schematlcs, and examples of AFOS—radar output..

1IT. 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 Nova31l2 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 cirecuit 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 schematies for the MDB board have been 1nc1uded in the-
appendlx ‘ g

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 2 -- Rapar COMPUTER HARDWARE
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Ficure 3  RADAR INTERFACE BoArRD INSTRUCTION SET

Devicé Code = 25 octal

Mask Out Bit

1

Input/OQutput Instructions:

DIA
DIB
DIC
DOA
DOB
pOC

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 disabled
bit 15=1 xmit interrupts enabled

bit values for DIA and .DIB:

bit

azm.

glev.

stat

0

a

1 2 3 4 5 6 7
200 100 80 40 20 10

-~ - = - 40 20 10

b c d e - - -

where: a=Test Mode Monitor

b=IF Attenuator Monitor
.c=Range Interval Monitor

d=Time Sample Monitor
e=5TC Monitor

Comhand Instructions:

S
c
P

starts DMA transfer

clears interrupt request and stops DMA' transfer

disables xmit interrupts

[o e <]

9 10 11 12 13 14 15
4 2 1 .8 .4 .2 .1 p
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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 video)
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 conmector 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 syne 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 monitors: IF Attenuators,

. 8TC, 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_ .




FEEIJRE 4 WSR-75C S16NALS

Bit‘values for BCD antenna information

s}
e
123

T LoBE O I

Value

Pl N

OO O ko

deg.
deg.
deg.
deg.
deg.
deg.
deg.

B

it
7
8
9
10
i1

12
13

Signal levels for monitor functions

Pin

Signal
STC .

Time Sample

Test Mode

Range Interval.
- IF Attenuators

Data

Antenna Pos.

Signal

CHLWRNZEHFAGTI O D QB >

shield gnd
azimuth .1
azimuth .2
azimuth .4
azimuth .8
azimuth 1
azimuth 2
4

‘azimuth

azimuth
azimuth

= o
=]

azimuth 20

azimuth 40
azimuth 80

azimuth 100
200

azimuth

azimuth data gnd
elevation data ret.

elevation 200

Signal at QV

Off

15
On

2 km,

Pin

SO0 FhD LD R N R B <

=

08 so

Off

0
0

Signal

elevation
elevation
elevation
elevation
elevation
elevation
elevation
elevation
elevation

100

8
4
2
1

[l A= SRR

elevation .
eelvation .
elevation .
elevation .,
converter busy - elev cc

data return 1

0
0
0
0

b B 00

data 1 (1st)

data return 2

data 2

6

Value

8 deg.
10 deg.
20 deg.
40 deg.
80 deg.

100 deg.
200 deg.

Signal at 5V

On

31
Off

1 km. .
On

1

1

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

Pin

N M € 428 mn 50T

Signal

data
data
data
data
data
data
data
data
data
data
data
data
data
time

return 3
3

return 4
4
return
5
return
return
return
7

8
return 8
ready out
sample

~ O O

range interv
stc monitor

test mode monitor

IF attn bypass
converter busy azimuth

3




®

Time Sample monitor

IF Attenuator monitor

14 Azimuth position lines
14 Elevation position lines

A1l 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 consists of two parts: the antenna signal generator and
the data signal generator. The antenna 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~runn1ng) pulse trains rang1ng from
perlods of nanoseconds to minutes.

The 978 for the antenna simulator is connected in an astable configiuration
providing a continuous stream of pulses at a frequemcy 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 antemna simulatox. 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.

-7-




FIGURE 5 WSR-?ACm RADAR WAVEFQRMS
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FIGURE 6  RaDAR SIMULATOR - DATA PORTION
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Ficure 7 RADAR ANTENNA SIMULATOR
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‘.ac,25 to obtain the elevation and status information. Each input line from

The combination of the three timers and the eight-bit timer with the
antenna simulator provide all the necessary signals for hardware/software
program development without the need of an operational WSR-74C radar.

A 50-pin ribbon commector is installed on the interface board allowing
the simulator signals to be conmnected to the computer via a ribbon jumper
cable,

D. Radar Interxrface - 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

the radar is connected to a 610 ohm pull-up resistor and ome 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 lime 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 one of the precessor 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 - Intertupts

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. 1In 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 25% hz when the radar is operating. Therefore, XMIT
interrupts can only-be generated by enabling them by setting bit 15 to one

in the output register. The instruction DOC ac,25 can be used to enable

-11-




Freure 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 16-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 cofrect
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 request) after every two bytes are loaded.

G. Radar Interface - Data Channel

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 microsecounds making it impossible to
sample data by the conventional means of input/output instructions. 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 transfer, 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 woxrd
transfer. Hence, the data i1s writtenm 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) imstruction. Termination
of data channel requests occur when the word count register reaches zero.

~14-
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O FicurRE 10  BYTE PACKING Logic
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Ficure 11  DATA CHANNEL CIRCUIT
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Ficure 12 InpuT DaTA ReGISTER CIRCUIT
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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. In 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
specified 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 instructions.,

In operational status, the operator would run the control program., The
system would automatically schedule the observations and run the grid and
graph programs. The control program also sends the final 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~



FiGure 13  RADARDATA FILE FormAT - VERsion 1.0

Fach block has the same

format:

File is 180 blocks in length.

Location in block

Status

Octal Decimal

0 0
1 1
2 2
3 3
4 4
5 5
6 6
7 7
10 8
11 9
12 10
163 115
164 116
165 117
177. 127

‘Second portion of Block

Azimuth: -
Bit #. : O
Elev -

a

a=test mode moni
b=if attenuators
-¢=range interval
d=time sample
e=gtc 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
O.
0

0

repeats same format as first portion.

80 40 20 10 8 4
4 5 6 7 8

tor O=on,l=0ff
O=0ff,l=on
0=2km, 1=1km
0=15,1=31
O=0ff,l=on
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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, ii)
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 sysgenad 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 a 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 i
is timed by interrupis. The maln portion is put into a short routine ' i
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 condition.

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 begunm. During the DMA
transfer,the azimuth, status, and elevation are stored in the correct data
buffer, and the service routine exits. When the DMA transfer is finished,
the DONE flag is activated and an interrupt requested.

If the interrupt 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 pgreater 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 bleck.
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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"Ficure 15 RADARLOG INTERRUPT SCHEME -
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Interrup
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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 convert the data collected using the radarlog
program into a gridded data file. The grid is centered around the radar
site and comsists 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 consisting 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
mMemory.

Processing continues by checking the status bits to determine the range
interval. If the range interval is oune, the range for each sequential data
byte is updated by one 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 on the WSR-74C DVIP.

The program next converts every data byte (in radar DB/2) into an
appropriate grid element is filled. If 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. 1t is compatible with the graphies generation package incorporated
in the GRAPH program.

D. Software - Graph

The Graph program convefts the information contained in the parameter
file and the gridded data file to an AFOS-compatible graphics product.

—23-
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F1URE 18 GRID PRoCESSING DATA SCHEME
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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.

Fach quadrant is read into memory from the grid file and the array is
searched for non-zerc elements. If a non-zero level is detected, the AFO0OS
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 rveplaced by a 20k, 20k sequence. The pre-assembled
block data code has these changes already incorporated in it; however, in
the generation of the intemnsity code, the 204k or 20k byte can appear in
the X or Y screen coordinate instruction. To greatly simplify matters,
several lines of code have been added to increment the coordinate by one if

the 203k or 20k byte appear.

AFQS 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 desecribes the AF0OS 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 screer. 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

AF0S graphics file is complete.
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Ficure 21 GrAPH BLock DATA SUBPROGRAM BREAKDOWN

"NMCGPHRDROOO"  Communications Header——-AFOS data base name

-1,-1,2400k
140400k ' Graphiecs Product Definiation
0 geography scale (not used)
10000k maximum i coordinate
6000k - maximum j coordinate
0 day-month-year {not used)
0 time-pde {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 &) (bit 15,14,13 set)
0 delta y (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 o 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= xxxxZ " text
142400k Text Writing Instruction—-Elevation
62k i coordinate start
740k - j coordinate start
MELEVATION=00.0 "  text
142400k Text Writing Instruction-—-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 Instructlon--Max. Dlsplay 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 ATTIN=OFF
142400k

62k

36k :
"LV1=X.XX"
142400k -
702k '
36k

TLV2=X. XX
142400k
1522k

- 36k

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

36k
"LVS=X . XX
142400k
3162k

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

- 36k

"1V6=X,XxX"
142400k
4622k

36k
MY7=X.XX"
142400k
5442k

36k .
"LV8=YX . XX"
142400k
6262k

36k
"Ly9=X,xxX"

Text

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

i coordinate start

text .

Writing Instruction--Level one

i coordinate start

j coordinate start

‘text

Writing Instruction--Level two
i coordinate start

j coordinate start

text

Writing Instruction--Level three
i coordinate start

j coordinate start

text .

Writing Imstruction--Level four
i coordinate start '

j coordinate start

text .
Writing Instruction——Level five
i coordinate start

j coordinate start

text

Writing Instruction——Level six
i coordinate start

j coordinate start

text

Writing Instruction--Level seven
i coordinate start

j coordinate start

text

Writing Instruction-—-Level eight
i coordinate start

j coordinate start

text

Writing Instruction--Level nine
i coordinate start

j coordinate start

text

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 one latitude-longitude change pair. Using
coordinate conversions, the data can be converted to AFOS screen coordinates.
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 AF0S 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:

1. 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 - thresheld 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 initialization.

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, grid, and then to the graph program. When the AFOS
graphics file ig complete, the control program sends the file to AFOS
using the $TTO line. : '

IV. TIMPROVEMENTS AND RECOMMENDATIONS

Several changes could be made to improve the quality of the AFOS radar
map. One of these, ground clutter rejection, would be extremely wvaluable
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 elevations,
This method would eliminate most ground returns. '

The third method of ground clutter rejection is almost 100% effective; o
however, it is also the most expensive. The raw video output from the radar g:)
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
variance 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 scalg
" ¢ould incorporate two or three states with a resolution of about ten 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 AF0S would
allow the forecaster to run the parameter change program from AFOS. For
remote sites where the radar and AFQS 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 Nova3l2. An
eéxample of message pre-format has been ineluded. The forecaster simply
fills 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 POS 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 RD0OS. Multi-tasking
implemented on RTOS which would allow many innovative products.

DOS is now runming 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 run in 8K provided they use the
disk for temporary storage and are split into small sections. The group
of radar programs would run much quicker (70% 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 oz
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 Nova3lZ2.
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

2 AelcHoioRAOKIGRAS SR ROk R Ac ksl ook Ak ORIoRAOKR A ook iokokekcoi Aok I0K
3 RADAR LOGGING FROGRAM

;
; VERSION 1.8 JULY 8,1279 MARK MATHEWSON--5SD WRH NWS

- ekelsieiokcioloinicRickoiokks sk Asioleioiokkokskekclokisiblsiciciciblokkkekkerckiiorkickok

RADAR LOGGING PROGRAM GATHERS RAL! RADAR DATA USING DMA AND STORES
IN FILE DP1:RADARDATA. REFER TO DPOCUMENTATION FOR COMPLETE
DETAILS ON FORMAT USED.

¥ we wa

.TITL RADARLOG

-ENT AZNKT,AZ INC,AZBCD, BUFC, WORD , HOUR. TAY . MIN
ENT MONTH.NL.COLFI.STKP,.H3.N32,.N3600,N16,.N128
LENT HB,.H25,.BLK.ERR.DCTP.NE5.F ILENM, BUFP .. BUFBP
LENT BUIBR,.CHNTMAX.PTT, COUNT. N IVR.STK,. START . OPENF
LEWT SEEK,I.1.SINT.AZB. WAIT.COMT.FINIL WRT,RADAR
LENT DONE,R,.RC,RF.<HMIT,BINBCD. |2, ONE.NXT.ERROR
LENT BUFBLBUF L, BUF2. BUFZ. BUF 4. DLFS. BUFG . BUFY
.ENT BUFE.BUFS,.BUFIB.BUF11,.BUF12,BUF13,BUF14.BUF15
LENT BUF16,BUFI7,.BUF13.BUF 192, BUF28., BUF21 ., BUF22
LENT BUF23, BUFZ24,.BUF25, BUFZ6.BUF27 . BUFZ8.BUF29
LEMT BUF38,.BUF31,DETR.FLAG

L, TXTHM 1

LEXTH JUIEX
.PIAC PSHA=G1481
..DIAC POPRA=61501
DUSR 5aV=52401
.DIARC MTSP=61281
DIAC MTEFP=60501
-DUSR RET=52601

: DATA WORDS STORAGE AREA

LZREL _
AZMXT: @ (NEXT AZIMUTH (BIMBRY)
AZINC: 18, tAZIMUTH INCREMENT (1-189TH DEGREES)
AZBCD: | FMENT AZIMUTH CBED)
BUFC: © :BUFFER COUNTER
WORD: ~187. :WORD COUNTER FOR DMA
HOUR: @ :HOUR '
DAY': a DAYy
MiN: @ SHMINUTE
MONTH: @ :MOHTH
M1z { sHUMBER OHE
CO: CaMT SOONMTINUE ROUTINE ADDRCESS
Fl: FINI1  :FIMISH ROUTINE ADDRESS
"STKP:  STK-1  :8TA0K POINTER
N3: 3
WaR: 32,
N26OB: 36008,
NdS: 2600 zd. SURPPED BYTES
H16: 15.
N128: 128,
FLAG: ©
N8 : a.
H25: 25
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BLK: @ DISK FILE RELATIVE BLOCK NUMBER .
ERR: ERROR  :FRROF ROUTINE POINTER
DCTP:  DECTR sRADAR LCT POINTER :
NBS: 4680 :8. SUARPED BYT4ESES ‘
FILENM: LA1%2  :POINTER TO ASCIT FILENAM
LTHT "DR L RADARDATAY :REDARDATA FILE
ERR1: .41#2  :POINTEE TO ERRCR MESSAGE
LTHT 0 R RADARDATE PEM ERROR®
LOGFIL: ADE2 ;POINTER TD ERROR LOG FILE MNAME
LTHET "DP1:ERRLOG"
BUFP: BUFBP  :BUFFER PRIMTER
BUFBP: BUFG :BUFFER PQINTERS
BUF 1
BUF2
BUF3
BUF4
BUFS
BUFG
BUF?
BUFS
pUFe
BUF 18
BUF11t
"BUF12
BUF1Z
BUF 14
CBUF 15
BUI6P: BUF16
BUF 17
BUF i8
BUF19.
BUFZ2B
BUF21
BUF22
BUF23
BUF24
BUF25
BUF26
BUF27?
RUF23
BUF29
BUF3A
BUF31
CNTMAX: 16. :MA¥ COUNTER FOR BINBCE ROUTINE
PTT: DIVR-1 :ADDRESS OF DIVIDE COMSTANTS BINRBCD ROUTINE
COUNT: & :COUNTER FOR BIKECD ROUTINE
DIVR: G889, sDIVIDE CONSTANTS BIMBCD ROUTINE
4066 . '
20ma
1e00.
ang,
450,
269,
188.
8o,
48,
28.
18,
8.
4.
2.
1.
;STACK ARERA
STK: . .BLX 1@8.
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;MAIN LOGEING PROGRAM--STARTUP ROUTINE

CHREL.
START: .SYSTM :GET TiME AND DATE AMD STORE INTO MEMORY
.GDRY
HALT sNEVER GETS HERE
STA 1.MONTH ; STORE MONTH
STA ¥.DAY :STORE DAY
LSYSTH  aBET TIME
LGTUD
HALT (REVER GETS HERE
STA 2. HOUR :STORE HOUR
$TA 1.MIN sSTORE MINUTE
LDA 9.STKP :SET STACK UP
MTFP :SET FRAME POINTER
MTSP @ :SET. STACK POINTER.
SUB 9,6 ;CLERR ACO
puc 8,25 :DISABLE ®MIT INTERR., SET TTO OUTPUT
NIOC 25 :CLEAR DONE INTERRUPTS RADAR

;OPEN RADARDATA FILE--CHANNEL 3
OPENF: LDA B,FILENM :LOAD POINTER TC FILENAME

" 8uUB 1.1 :KEEP SYSTEM ATTRIBUTES FOR FILE
L5YSTH - :0PEN FILE
.OPEN 3 :GN CHANNEL 3
JHP GERR sERROR—-GO TO ERROR ROUTINE
;POSITION DISK HEADS TO START OF FILE (USE READ COMMAND)
SEEK: LDA A,BUFGP ;L0AD MEMORY ADDRESS FOR READ
LBA 1,BLK :L0AD BLOCK NUMBER (@3
LDA 2.N1 ;RCZ2=1 REAGD 1 BLOCK
HMovE 2.2 :ELK ONT I LEFT BYTE
.5YSTH ;EXECUTE READ BLOCK COMMAMND
.RDB 3 JCHANNEL 3
JMP BERR :ERROR--GO TO ERROR ROUTINE
:INITILIZE WARIABLES
SuUB 8.0 :PCB=8 .
STA 8.BUFC :BUFC=0
) STA B.AZNXT $AENKT =0
: STH 6.AZBCD RZBCD=A
:L0AD ALL BUFFERS WITH TIME AND BATE HEADER
Lba 2.Burar ;EUFFER POINTER
LDA 1.M372 SR 1=32.
HEl 1.1 . :Al1=-32, COUNTER
L1i: LA B MOMTH GEY MONTH INTO ACR
) STH 8.2.2 ABTORE IT
LRP a.00Y GET DAY INTO ACE
STh B.3.2 ;STORE 1T
LA O,H0UR :1.0AD HOUR INTOD ACA
STA @.4.2 (ETHORE IT
LDA 8.MIN ;L0aD MIMUTE INTO AL
STA B8.5.2 :STORE IT .
LDA @.N128 :LOAD 128, INTD ACA
ADD B2 :UPDATE POINTER T0 MEXT BUFFER
CINE 1.1.52R :ALL BUFFERS FULL, SKIF
JP L )
:TELL SYSTEM THAT RADAR IWTERRUPTS EXIST :
SINT: 1L.DA B.N25 ;LOAD RADAR DEVICE CODE (25 OCTAL)
LbA 1.DCTR ;:LOAD RDDRESS OF DEVICE ICT
»SYSTH $IRENTIFY THE RADAR INTERRUPT
. IDEF . '
JHP @ERR s ERNBH--GO T ERRGR ROUTINE

~40~




sWAIT FOR AMTENHA AZIMUTH 70 Ecual 8.8

sREAR 2 1MUuTH IN BCD
:LGAD START AZIMUTH
FSKIP IF AZM=START AZM

A28

15TART

DpIa 8.25
Lha 1.8£BCD

Sug 4 @.1,52R

vy
g .3

A TRY AGAIN

RADAR IHTERRUPTS

1.DA B.N1
poC @.25

sWAIT ROUTINE

WAIT:

LA 8,.FLAGE

NEG 6.0.SHR

JHP WARIT
IMC 8,8,.5HR
JMP CONT
INC 8.8.SNR
JHP FINTY
JMP WAIT

:COMTINUE ROUTINE

CONT:

JSR WRT
SUB 8.8
ST B.FLAG
JMP WAIT

tFINISH ROUTINE

FINIL:

WNRITE
WRT:

LDA @.BUIGP
STA 8.8UFC
LDA 1.H4S
STA 1.MES
JSR LRT
LDA 8,125
LSYSTH

L IRMY

JMP RERR
LSYSTH
.CLOSE 3
JMP BERR
LDA 1.M3608
.5YSTM

RTH

JHP RERR

HALT

ROUTING

sAv

LDE6 1.BUFC
MY 1.1.5£R
JMP L +3

LDa B.BUIGH
JMP .42

LDn B.BUFAP
LbA 1.BLK
LDA 2.MES

© L8YSTM

LWRB 3
JHMP RERR
LA 2.M8

" RDD 2.1

5TA 1.BLK
RET

1CB=1

sENMABLE 3MIT INTERRUPTS

. :URAIT ROUTINE
sGET HEBATIVE OF FLAG
:FLAG=8 WAIT ROUTIHE
; INCREMENT ACB
sFLAG=1, CONTINUE ROUTINE
; INCREMENT ACB '
iFLAG=2, FIMISH ROUTINE.

ATHER,. WAIT ROUTINE

sWRITE DISK AND SEEK

:CLERR ACA
:CLERR FLAG

;60 TO WAIT ROUTINE

:SET BUFFER 16
sSET 4 BLOCK WRITE

sURITE DRISK AND SEEK

;REMOYE RALAR INTERR HAND FROM SYSTM

;ERROR--EQ TO ERROR ROUTIME

;CLOSE RADARDATA FILE

:ERROR--GO TO ERROR -ROUTINE

;TO BE SURE OF RESEHEDULING

:RETURN FROM PROGRAM SR

:ERROR~-GO TO ERROR
PREVER GETS HERE

t5AYE REGISTERS

ROUTINE

;L.OAD BUFFER COUNTER INTO ACA
JDETERMIME MEM mDDR FOR WRITE
sMUST BE BUFC=8 OR BUFLC=16&.

sMEM ADDE START=RBUF 1GF

;MEM ADDR START=BLFAP

:LBAD BLOCK NUMBER INTO RCI

;BLOCK COUNT 8
JWRITE TO DISK

:CHANNEL 3

;ERROR~-G0 TO ERROR ROUTINE

$ACZ2=9.

s TMCREMENT BLK NUMRER BY 8.

:STORE UPDRTED BLACK NUMBER

SRECTURN FROM SUBROUTING
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:RADAR IHTERRUPT SCHEME

RADAR: PSHA 1

2SAVE REGISTERS

DONE:

RETURN FROM INTERRUPT

PSHA 2
P&HA =
SKPDM 25

JMP KMIT

MIOC 25

L.DA 8. AZHNXT
LDA 1.AZTIHC
ADD 1.8

.DA 1. M3668
ADCZ # B.1.SNC
JME RF

STA 8.6ZNXT
JSR BIMBCD
STA §.AZBCD
LbA 8.RBUFC
MOV B.8.,5NR
JHP RC

LDA 1,.M16

5UR # 1.8,5NR
JMP RC

;NORMAL RETURN

R:

poPA 3
POPA 2
POPA 1
IEX

;FRADAR DONE, THEM SKIP

$eMIT INTERRUPT

sCLEAR DONE FLAG

:DETERMINE NEXT RZIMUTH

:ADD AZ. INC 70 LAST AZIMUTH

:LOAD 3689 INTOD ACH

sNEXT AZM >=36A.8,. DON*T SKIP
;JUMP TO FINISH ROUTINE

;STORE MEXT AZIMUTH

;CONYVERT TO BCR FOR COMPRRISION
;STORE BCD valLUE

SDETERMINE BUFFER COUNTER

:SKIP OF BUFC #=8
:BUFC=A, LRITE TO DISK ROUTINE
:LOAD ACT WITH 16.
:SKIP IF BUFC#=16,
:BUFC=16.,. LWRITE DISK ROUTINE

ROUTIMES

;RESTORE REGISTERS

sRETURN

FRETURN TO WRITE ROUTINE

RC:

LDA 8,41
STR B.FLAG
POPA 3
POPA 2
roPA 1

LIRS

;SET FLAG FOR CONTINUE ROUTINE

sRESTORE REGISTERS

:RETURN TO CONTIMUE RBUTINE

JRETURM T FINISH ROUTINE

R

L0 W, bt
HCpLR
S5Th @ L
MIGR 25
W IGE
POPA
POPA
POPAR
JUIER

]

e hE Gl B

"A¥MIT INTERRURT

NT:

Dia e.23

NIOC 25

LDA 1.RZBCH
ADCZ 4 B.1.82C

JMP R

LDA 2.RUFC
LDA 1,BUFP
ADD 1,2
LD 3.8,2
1D 1.N3
ADD A, T
pOA i,25
LDA 1, LORD
poBS 1,25

;5ET FLAG FOR FIMISH ROUTINE
;ACB=Z ’

;CLEAR RADRR TNTERRUPTS

:RESTORE REGISTERS

sRETURN TO FIMNISH ROUTIME

:READ AZIMUTH

:CLEAR INT REQ

:LOAD NXT AZIMUTH IN BCD 70 ACH
s AZE>=NAT AZM?,.SKIP

sDETERMINE MEMORY ADDRESS FOR DMA
:BUFFER POIMTER ADDRESS

FPOINTER TO BUFFER ADDRESS

2L0AD ACTUNAL MEMORY ADLRESS

NC1=8.

AFORM DMA MEMAORY ARDRESS

;SEND MEMORY ADDRESS T RADAR INTERFACE
LORD WARD COUMTER: .

YEND WGRD COUNT SHD START BMA
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: DiA i, 25 sREAD IN AZIMUTH

: 5TA 0.9.3 :STORE A2 IMUTH
DIB 6,24 SREAD IN STATUS-ELEVATION
5Th B,1.3 :STORE STATUS-ELEVATION
LDA @,BUFE :UPDATE BUFFER COUNTER
INC 9,5 - INCREMENT BY ONE
ILhE 1,432 :AC1=32.
Aaan ¢ 1.R.5FR :BUFC>=32, THEM SET BUFC=H
GUE P, 0 sBCA=A
3TA 8,BUFD ;STORE UFDATEDR YALUE OF BUFC
JMP R s MORMRL RETURH :

sBINARY TO

BCD CONVERTER ROUTINE (RCE---ALCE) .

BIHBCD: PSHR 1 :SAYE REGISTERS
PSHA 2
MavL 3,3
PSHA 3
Lba 2.PTT ;108D POINTER T2 BIVIDE CONSTANTS
ST 2.21 sETORE IM AUTO-INC LOCATIOM

LDA 2.CHNTMAX
STA 2.COUNT
SUB 2.2

;INITILIZE COUMTER

JCLEAR AC2

L2: LbA 1.821 :L0AD DIYIDE CONSTANT
ADCZ # 8,1.8NC  ;RESULT>=8,3KIP
JiP OHE
HOVZL 2.2 sMOYVE @ INTO RIGHTMUST BIT
‘ JHP XY sMORE TO 1Q
ONE: SUB 1.0 ;STORE HEW VALUE 0OF RCO
MOYOL 2.2 1STORE 1 INTO RIGHTMDST BIT
NXT: NSZ COUNT :DECREMEMT COUMTER
JHP 12 :NOT DGME YET
MOY 2.8 :MOVE RESULT TD ACH
POPA 3 sRESTORE REGISTERS
MOVR 2,3
POPA 2
PoPA 1
JMP 8.3 *RETURN
:ERROR HANDLER
ERROR: SUB 1.1 ;0PEN ERROR FILE

LDA B8, L06FIL
L3YETH

JERROR FILE MAME
sAPPERD THE FILE

.APPEND = :ON CHANMEL 2

JHP kg ;ERRNR, EXIT PROGRAM

LDA B,.ERR1 :LOAD POINTER TO ERROR MESSAGE
RL 2 sWRITE LINE

JHP L FERROR,EXIT FROGRAM

LDN 1L HEe0A
LSS
CRESET

JMP L]
55T

RTH

HALT

HALT

:TO BE SURE OF RESEHEDULIMG
sCLOSE ALL FILES

sRETURN FROM SUAP

JDEVICE CONTROL TABLE FOR RADAR {DCTI

DETR: & :IGMORES THIS {4ORD
I7PPF7  : INTERRUPT MASYK (NO OTHER INTERRUPTS ALLOWED)
RADAR FSERVICE ROUTINE ADDRESS LABEL
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s RADAR
BUFyY:
BUF1:
BUF2:
BUFZ
BUF4:
BUFS:
BUFG:
BUF? :
BUF3:
BUF9:
BUF18:
BUF11:
BUF12:
BUF§3:
BUF14:
BUF1i5:
BUF16:

BUF17:.

BUF13:
BUF19:
BUFZ20;
BUF21:
BUF?2:
BUF23:
BUF24:
BUF25:
BUF26:
BUF27:
BUF29:
BUF29:
BUF3@:
BUF31:

pATA
.BLK
«BLK
.BLK
BLKE
«BLK
LBLK
BLK

-.BLK

. BLK
.BLK
BLK
.BLK
.BLK
.BLK
.BLK
.BLK
.BLK
«BLK
.BLK
.BLK
.BL¥
LBLK
BlLK
.BLK
B

BLK
.BLK
-BLK
.BLK
.BLK
.BLK
.BLK

+END

BUFFERS
128.
128.
128.
128.
128.
126.
128.
128.
128.
128.
123,
128.
128.
128.
128.
128.
128.
128.
128,
128.
123.
128.
128.
128.
128.
128,
128.
128.
128.
128.
128.
128.

START

Sy
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GrRID

C'zi<>k>k>k>k>k'=k=i<>k?k>k>k'>k>krk'A::er)_laiolcio!ak*;l:ﬂ::k)k:kﬂc**::::kﬂc;im:>k>I<=i:>k>if>k:i::k>!<>k>k:k>k=iz>!<$:{<x<=k*:k>k>|<>k
COMVERSION PROGRAM FROM RAW RADAR DATA TO GRID ARRAY

NVERGIGN 2 MJB JULY 24,1579 MARK MATHEWSON--35D LIRH NLIS
¥a2.8 REPLACES PORTION OF COMPRESS PGM (V1.83 AHD ALL OF v1.8
GRID PBM. DNTHER PORTION OF V1.8 COHPRESS PGM IS IN V2.8

GRID (W2.8) READ RAL RABAR DATA FROM FILE DP1:RADARDATA AND PUTS
IT DIRECTLY INTQ BRIP ARRAY WHICH IS STORED IN FOUR GUADRANTS ONTO

- BISK. FILE NAMED GRID.

****Qk*w*$$W¥1*m*%ﬂ*RlWW?“*$**h*$a?“¥ﬂWH*ﬂ*MR*ﬂ**W**********Y**
COMPILER MNOSTRCK
EXTERNAL GUADCHG.BCDRAD
COMHMDMNADTAAGR D . DUM

YARTABLE DECLARATION AND IMITIALIZATION

PROGRAM IS SET FOR @ 55 ¥ S5 GRID ARRAY WITH FOUR SERERATE

QUADRANTS.
INTEGER GRID(O:54,.0:54),DUMCIHAY, LEVEL (B: 23833 .RGEINT
INTEGER QUAD. RESOL .RGELK . IMB (O : 2553 .BMSK. 3M3K,. BLK , RGMSK

C
C
C
C
C
C TITLE PGM.
C
C
C
C
C

- 000

BMSK=377K sBYTE MRSK
SMEK=3777K $STATUS-ELEY MSK
RGMSK=28888K SHAMBE  THTERY MASK
BLK=0 ;BLOCK 4 DOF EADARDATG FILE
UAD =4 s QUADRAMT ‘ _ .
T READ DESTRER BESOLUTION, RANRE BLHNKLNC D LEVELS FROM PARAMETER FILE
CALL OPEN(L. "BRIPRRAMETER", 2. IER) $0PEN FILE
Fﬁl . BDBLKC1,8,LEVEL, 1, TER) sREAR PARAMETERS

SEESHLUTION
.FQ WEE BLANK ING

miE?ﬁLiEﬁ

-,i,LEﬂER,i,TER) FREAD LEWELS
- BB FCLOGE PaRerETER FILE

ooLERD T

Gl LRI ERTRE, IERY SOPEN GRIE FILE

=5
1 G IOl T30

i} 2 [-8,36, 12
2 CALL ERBLE (S, I, GRID. 12, IERY
C OPEM RADAR BATA FILE

CALL OPEM(2, "TF1: PHIQQPQTQ",A,ILP)
PROCESS RAPAR DATH

0
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C
15

16
18
C

C
23

c

READ BLOCK OF DAT

CALL RDBLK(Z,BLK.THB, 1, IER) sREAD BLOCK OF RADAR DATA

IFCIER.EQ.9) GO TO 25 :END OF FILE

DO 18 1=0,.128,i28 : TWOSETS PER BLK } TN
DETERMINE ALIMUTH Cﬁ)

CALL BCDRADCINBC(IS, IAZM.RAD) £ IAEM=.1 DEG.RRD=RADIANS

S=GIN(RAD) :5IN OF ANGLE

C=CAS(RAD) ;COSIME OF ANGLE
DETERMINE GUADRAMT

J=IAZM 208 :9608=598 DEG.

IFCJ.NE.GURR) CALL QUADCHG(J,.QUAD, IXKBOT, IVBOT.RESOL) :CHANGE GUAD
DETERMINE RANGE INTERVAL

REEIMNT=TAND (RGMSK, INB(I+1)?

IF(RGEINT.EM.8) RGEINT=Z

IF(RGEINT . NE.2) RGEINT=1
DATR COWVERSION ' :

b0 16 J=8.115.1 :J=POSITION IN BUFER
DBTAIN RANGE

RE=19, +REE TN -7 ) %2 :FANGE [LOW BYTE

‘RH=RLARGE INT ;RANGE HIGH BYTE
CHECK RAMGE BLANKIMG ]
CIF(RLLLT.REBLKY GO TO 16 ;WITHIM RAMGE BLANKING RANGE.
READ DRATA '
11=INBCI+ID 1 1=DATA
SEPERATE bATA INTO TWC BYTES
I2=TAND (11, GiSK) sLOW BYTE
I3=ISHFT(11,-8) sHIGH BYTE

COWNVERT DATA IMTO LEVELS
[2=LEVEL (12)
I3=LEYELCIZ)
PROCESS LOW EBYTE
IFCI2.EQ.B) GO TO 15 sLEYELS . SKIP PROCESSING
IX=((RL*S)~TXROT) 7RESOL. ;¥ GRID COORD. fj)
I¥=C(RL*C)~I¥YBOT) ~RESUL :%¥ GRID COORD. .
IF(IX.GT.54.0R.IY.6T.54) GO TO 18
IFCOIX.LT.8.0R. IY.LT.8) GO TO 18 °
IF(GRIDCIX, IVY.LT.I2) GRIDCEN, IYI =12 :PUT MAX VALUE INTO GRID
PRGCESS HIGH BYTE .
IFCIZ.EQ.G GO TO 16 JLEVELB, SKIP PROCESSING
1= ({RH*:S)-IXBOT) /RESDL :» GRID COORD.
IY=((RH=CI-IYREOT) /RESOL :Y GRIN CODORD. :
IFCIX.GT.04.0RIV.GT. 54) G0 10 18 ;00T DF GRID
IFCIX_LT.B.0R.IV.LT.O GO TO 15 :
IFCERIDCIN, IVILGT. 13) GRINCIX, IY) =13 sPUT MAX VALUE INTO GRID
CONTINUE '
CONTINUE
INCREEMENT BLOCK NUMECR BY GHE
BLIK=RL -
G 7O 8 :PROCESS MEXT RLOCK
EMD. OF DATR SET
J-nbh- SCHANGE BUAP FOR FIORCE WRITING OF LAST QUAD
CALL QUADCHG{J,.uiaDd, IXBOT. IYEOT.RESOLY  :QUAD CHANGE
CALL CLOSE(2.1IER) :CLLOSE RADAR DATA FILE
CALL CLOSE(3Z., IERY :CLOSE GRID FILE
RETURM FRUH SIAF
CALL BACK
EHD




W

C*Tlﬁtk‘zk}!t)kzk*ﬂﬂk?I<'-i<>l<’lf-‘k2:)!ﬂ!’.**:‘k*:‘.’-******mak*)k***********ﬂ:*’k*******ﬁ:*****
C QUADRAHT CHANGE PROGRAM
C )
C VERSION 2.8 JULY 24,1978 MARK MATHEWSON~~SSD LRH NS
(oo AR IO ORORK IR OR AR RIS ARRAIOR R R ACICROICIORICIOR ARSI TORROKK
C RERDS AkD WRITES QUADRANTS FOR GRID ¥2.8 PGM. QUADRANTS STORED -
C IN FILE DP1:GRID AND ARE COMTIGIOUS (12BLKS EACH).
COMPILER MDSTACK
SUBROUTINE. QUADCHE (MEWQ,.RUAD. I¥BOT, 1Y¥YBOT,RESOL)
COMMON-DTR-GR 1D, DUM
INTEGER GRID(E:54,6:54) . DUMC108) . ¥Y(A:3).x(B:3)
INTEGER QUAD,RESOL. INB(®:2%5)
IF(NELID.EQ.QUADY RETURH :SAME QUGD WANTED
C RSSUMES GRID FILE 1S OPEMED ON CHERHNEL 3
C WRITE OLD QUADRANT TO DISK FILE
J=0UaDxi2
CALL LRBLK(3,J. GRID 12, IER)
C READ IN HEW GUADRANT
QUAD =NELD
J=QUAD*12 -
CALL RDBLK(3..t,GRID, 12, JER)
C SETUP XBOT AND YBOT
¥(A)=a
X(l) =@
®(2) ==~RESOL#55
KE3) =—RESDL#ES
Y(ay-=a :
Y (1) =—RESQL*55
¥ (2) =-RESGL:B5
T Y(3)=8
IXBOT=X(QUAD}
JIYBOT=Y(QLAD)
RETURN
END
l:JIOk-{vk***********x********)h%****)kﬂt)k*w***r&**‘? R AR RAIRRINOR R ACK K AORK
.CONVERTS BCD ANTENMA FOSITION TO DECIMAL AND RADIANS

g
C
c VERSION 1.8 JULY 9,.1979 MARK MATHEWSON--55D WRH NWS
C VERSION 2.8 JULY 24,1979 MARK MATHEWSON--S8D WRH HWS
C --NO MODIFICATIDONS-—-USED FOR GRAPH V2.8 PGM.
CoksiesoriciaaimeioisisiomioiivisisioiiokicirisrickioiicioiioiioRioiokiniolkinioloksilcioriokk
" COMPILER NOSTACK _
SUBROUTINE BCDRAD (IBCD, IDEC.RID
C IBCD=IMPUT YALUE, IDEC=0UTPUT DECIMAL VALUE, RII= RGDTRNS ouTPUT
COMMONACONYE-/COHV, IB1
INTEGER CoMv e 1a, IBI(d:15)
IDEC=8 SRESULY INITILIZE 70 ZERO
C CONVERT TO DECIM
Do 3 I= B,lu
- IFCIANDCIBICI) . IBCDY .NE. B2 IDFC IDECuEUN“(I)
3 CONTIMUE
RII=FLDQT(IDECJ/5?2 957
_RETURN
END
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[ *>I(:|1.‘-kﬂélOK?R**********H(ﬂ::l::k*?k**)kﬂt‘iﬁk*****:l=*>k*****$ﬂ°k?k*****$**?k******

c GRIDBLOCK BLOCK DATA AREA FOR GRID PROGRAM
C
C VERSION 2.8 JULY 24,1979 MARK MATHEWSON--SSD WRH NS

Ciiecioiiiakiolipiocisisicriciolor kst pivlorRiskiciemiomibimoiokiks i sroleok
COMPILER MOSTACK ‘ i
BLOCK DATRA
COMMONA/CONYVE~/COMNV,. IB1
INTEGER COMY(@:15), IRI(B:15)
DATA COMY-EEB08,.40600,2005, 1060850, 480,200, 196,80, 46,20, 10,8,4,2, 1~
DATA 1BI1/1G0AGBEK, 4836ERK . 28600, 19690K ., 4808K, 200K . 1806K . 49BK . 260K,
1188K, 49K, 28K, 16K, 4K, 21, iKs )
END '
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GRAPH

HelokseksciokkaiorRkokRKRRR KRRk RolofioiokteokololoRoltisitskolerkkiekloktoroksk
CONVERSION PROGRAM FROM GRID RRRAY TO GRAPHICS

~~SIMILIAR TO ¥2.8: BUT DOES NOT USE GRAPHICS SUBROUTINES
SINCE ONLY TEXT 1S5 OUTPUT.
SolRACRICR IOk R e RAOKR KRR R *k>K**>|<>i<*****=I€*>i<**>i0k>k'>l~7k*=k****>k>k*ﬂ€***
. COMPILER NOSTRCK
EXTERNRL DECASC.BCDRAD. STﬂTUS
COMMON/DTA/1GA, MTH
COMMBN-GD-GRID. DUMM
INTEGER IGA(B:255),SPC(B:255),GRID(D:54,8:54) ,MTH(24)
INTEGER SMSK,RESOL, QUAD. X(B:3),Y{B:3) ,BMSK, DUMH(IBB)
EGQUIVALENCE (GRID(@,B).SPCA))

z
C
C
€ VERSION 2.1 JULY 28.15¥9  MRARK MATHEWSON--SSD WRH NWS
C
C
C

SMSK=37¢7K :STATUS-ELEVYATION MASK
BMSK=37FK ;BYTE MASK
C OBTAIN PARAMETERS . .
CALL OPEN(2,"DP1:PARAMETER",2, IER) " 70PEM PARAMETER FILE
CALL RDBLK(Z2.0,5PC.1.IER) :READ FARAMETERS
C RANGE BLANKING ‘
IGA(76) =IGACTE) +5PC (1,120 :10835,

CALL DECASC(MAD(SPC(1},108), 1GACTTY) 2105, 15
€ RESOLUTION o
RESOL=SPC (2} a
CALL DECASC(RESOL, IGA(BT)) sWRITE IT
€ MAXIMUM DISPLAY RANGE -
1=RESOL*55 _ :GRID SIZE=55
IGA(S8) =IGA(98) +1/188  :108S. . .
CALL DECASC(MODCI, 108).16AC993) ;105,18

. € LEVELS
b0 2 I=3,11
IFCI.NE.3.AND.SPCCIY . LE.SPECI-1)) GO TO 19 IEXIT
IRT=108.%(18.%k((S5PC(]1)-33.823/32.)) :RATE .B1"/HR

K={I-3)&7+127 sPOSITION IN ARRAY
IGA{K =ISHFTCIRT-16B+58K,8)+56K : INCHES AND .

2 CALL DECASC(MODCIRT, 188) . IGACK+1)) :-81,.1
18 CALL CLOSE(2, IER) . :CLOSE PARAMETER FILE
~ C DATE-TIME GROUP .
. CALL OPENC(2,"DP1:RADARDATA", 2, IER) ;OPEN RADARDATA FILE
CALL RDBLK(2.B8.SPC, 1,1ER) :READ IN FIRST BLOCK '

IGR(4B) =MTH(SRC(2)#2-1) ;WRITE MONTH
IGAC41) =ITH(SPC (2 %2

CALL DECASCI(SPC(3), IGAC42)) :WRITE DAY
CALL DECHSC(QPF(41,IG9(SI)) ' ;URITE HOUR
caLL DECﬁbC(SPC(S) IGQ( ;URITE MINUTE
C STATUS-ELEVATION
. I=SPC(1) ELEVATION-STATUS. WORD
CALL STHTUS(I,11.I5,12,13.14 :SEPERATE STATUS BITS
CALL DECRSCC(IS, IGACIEIY) ;WRITE TIME SAMPLE '

IFCI1.EQ.O) GO 7@ 11 :IF ATTN OFF
IGAC 115 =ON®

IGAC119x=0""
il I=IAND(I.SMSK). :ELEVYATION ALONE
CALL BCORADCI.LJJ.RAD) sUOMVERT TO DECIMQL
J=JJ 108 .
CALL DECASC(J.IGA(B4}} ELEVATION TENS,.UNITS
IGﬁ(SS)=ISHFT(56K,8)+MOD(JJ 18)+6BK  ;TENTHS. ELEVATICN

CALL CLOSE(2.1ER) :CLOSE RADAR FILE
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Sz hs

[ap)

C OPEN
£ OREN

]

PART 11 OF GRAPHICS FROGRAM--PROCESS INTENSITY DATA
SET UP PARATEETERS

IBLK=8B :BLOCK # FOR GRAPHICS DUTPULT

IPT=188 ;U0RD POGINTER IN GRAPHICS ARRAY (IGH

IXCEM=4B235,2 ;% CENTER Or SCREEN
IYCEN=Ga7rz 2 ;Y CENTER 0FF SCREEN
MAP=2%B MAP SCALE RANGE
SCALE=IYCENAMAP :SCALE=PTS M

INSERTFD FOR LAS VEGAS CFFSET HMAP

IXCEN=IXCEN+688 :GOO=0GFFSET FOR 1.0 DEG LOHG.
®(By=h ;%XBOTTOM ¥ BOTTOM FOR QUADRANTS
®(1) =9 ’ .

®(2)=-55KRESOL  :S5=GRID SIZE

®(3) =~55HRESOL '

Yip: =g

Y1) =—53*RESUL

S (2) =~55HRESOL

Yi3) =6

GRIN FILE

CALL OPEM(Z,."DR1:GRID",.Z,IER?
GRAPHICS OUTPUT FILE

CALL OPENTI. "B 1sNMCGPHRDR", 2, IER)

PROCESS INTENSITY DATH

D0 182 QUAD-A,3

IXBOT=X(REUAD)

IYBOT:=Y{QUAD) :BOTTOM OF QUADRANT

J=QUAD#12 ;:RECORD (BLOCK) STRRT

CAL.L PDMBLK(Z.J,GRID. 12, IER) sREAD IN GQUADRAN
DO 183 IX=6.54 :PROCESS X COORDIMATES

HEKM= IRARESOL+IXBOT XK POSITION
TXSCR=TRCEN+XKMASCALE ;X SCREEN COORDIMATE
TFCIXMSER.GT. 4898 . 0R. IXSER.LT. 8 GO TO 183

DO 184 IY¥=0,54 :PROCESS ¥ CUOORDINATES

IF(VPID(TA,IY).LU By GO TO 184 :LEVEL 8. S5KIP CALCULATIONS

YEM= 1 Y#RESOL-+IVBOT sYKM PGSITION
IYGCR = IVCEMASYKMRGTALE Y SCREEMN COCRDINATE
IFCIYSCR.GT.3870.0R. IYSCR.LT.8) GO TO 184

C WRITE TO GRAPHICS ARRAY

C INSURE NO 283K OR 26K APPEAR IN IX,1Y STRING. ADD 1 IF APPEARS:

I=1AHD ( IXSCR, BMSK) sGET LOWER BYTE
IF(I.EQ.20K.0R, 1. EQ. 282K IXSCR=IXSCR+1 :INCREMENT BY ONE
I=1AHD( IYSCR. BMSK) :GET LOWER BYTE
TF(1.EQ.26K.0R. I.EQ. 283K} IYSCR=IYSCR+1 ; INCREMENT RBY ONE
IGACIPTY =1424aaK ; TEXT COMMANDE FOR AFOS
AGACIPTH1) = IXSER :IX COORDINATE

IGACIFT-H2) =IYEER 17 CODRDINATE

IGACIPTH3) =ISHFT(GRID(IX, 1¥)+68K,. 8> +48K :LEVEL TO ASCII
IPT=IPT+4 ;UPDATE BUFFER POINTER

IFCIRT.NE. 256) GO TO 104 sBUFFER NOT FULL

¢ BUFFER FULL. WRITE 1T

184
183
182

CALL WRBLECL, TBUK. IGA, [, TER) SWRTTE GRAPHILS

AFCTERVNEL 1Y G0 TG 446 ;ERROR-

IPT=0 JREGET SUFFUR. CUHHIE“q AND POIMTERS
IBLK=IbLkI1

COMTIMUE

COMTIMUE

COMTIHUE

=50~

T

FBKIP nLL 1Y

:0UT OF GRID

BUFFER




N

0}

C EMD G+ DA'A, -
C ArDp 283K BY7E 7O END, ZERD FENQINTNC bUFFER ANE DISK FILE
IGACIPT) <283K JADD ENDING BY

IPT=IPT+
nC 444 1=1PT,255

444  IGACI=A 1ZERD REMAINING BUFFER
CALL WRSBLKC1, IBLK. IGA.1,IERY  ;WRITE BUFFER

NQ 445 1=9,235 :ZERO ENTIRE GUFFER o ) : -

443 IEACII=8

IBLK=1BLE+]

446 CALL LRBLKCL, IBLK.1GA, 1, IER} . :WRITE AL ZEROS TO FILL FILE

IFCIER.EQ.9) GO TG 450  :FINTSHED
RBLE=IBLK+1 : .
60 TO 445 :MORE. TG D1,

C FINISH PRDGRAM

458  CALL CLOSE(1, IER)
CALL CLOSE(2, 1ER)

CRLL ENRCK sRETHRN FROM SlaP
: EMD o ' :
Crtercsioatsd LiaH-. Ha et e e HoM R EIH R T o b bbb e o e e L e e .

LUNVEPTS BCD QNTLNNQ P fI'ION T DECIMAL AMD RADIANS

VERSION 2.8 JULY 24,1979 MGRK MATHEWSON-—-SSD LRH MW
——HM MDDIFTCQTIQNQ—"USFD FOR GRID V2.6 PGM.
[ R e TR R "“"-1“. PEH R & ) e o L R e T e L U T R P T T 14 e e e e e T oL e Y et )I()E(
LDW“ILER NOSTACE
SUBROUTIME BCDRAR ¢IBCEH, IDEC,RIT)
C IBEE“INFUT VALUE, IDEC=0UTPUT DECTMAL. WRLUE, RIT=RADIANS QUTRUT
COMMONACOMYE/CONY, 18]
INTEGER COMVC(E:15),IBI(A:15)
IDEC=6 sRESULT INMITILIZE TO ZERD
CONYERT TO DECIMAL
DO 3 I=8,1%5
IFCIANDCIBICIY, IBCI)  NE.B) IDEC=IDECHCOMY (T
CONTIMUE |
RIT=FLDATIIEEC: #2572, 05
RETURM
END

L

C - a . .

g VERSION 1.8 JULY S9,-1979  MARK MATHEWSON--5SSD MRH NWS
C

ad
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C****:It*ﬂo SesicrioreiokokoktolololkieiisioiskllolsioloRakaoksokoissssiols ok kool oRasksokkolok

g BLOCK DPATA FOR GRAPH FROGRAM

c

C VERSION 2.1 JULY 28,1979 MARK MATHEWSON--SSD WRH NWS

g --REPLACES ¥2.8,. CONTAINS ACTUAL GRAFHICS DATR PRE-ASSEMBLED
C. IN AFDS FORMAT. ELIMINATES NEED FOR ERAPHICS SUBROUTINES.
£ UTF NOT HEEDED SINCE TEXT IS OMLY BUTPUT.

CrckoicialoRisiciofoimiseiokiaisaibiRsioboriolioRioiorisiololorisrolopickismociorsplebicolek
COMPILER NOSTACK
BLOCK BATA
COMMDNAD TR/ TGALMTH
COMMON/CONVE ~COHY, IBI
INTEGER CONV(B:15), IBI(A:19)

INTEGER IGA(B:2585) .MTH(24)

DATA MTH/7JAN FEB FAR APR MAY JUN JUL AUG SER QCT NOV DEC "7

DATA IGA/"NMCGFHRDRBEO " . 217777 7K . 248081K, 140408K .8, 18926K.
114K, 28, 303K . 3%8, 4880K, 13K, 177817K,. 175008K. B, 24K, 1828K, 18086K,
20, 1424801, 14350417, 53524K, "RADAR . 1424091, 62K, 1 138K, i:)
3 DATE= Xxx XX L 142400K, 62K, 1834K, " TIMEZ= KKKKZ T . 142488K,
462K, 748K, "ELEVATION=68.6 ~. [12408K.62K. 644K, "RakkE BLANK= Bga* .,
5142488K, 62K, 556K, "RESOLUTION= 88 7, 1424008K, 62K, 434K. '
6°MAX DISP RGE=0P0", 142480K, 62K,.368K,. " TIME SAMPLE=93 ". 142488K.62K.
7264K,. " IF ATTN=CFF "L 142406K, 52K L FOK, T LV =X KK L 142488K . 782K,
836K, " LV2=X. KX, 142480K, 1522K, 36K, "LY3=X.XK" . 142480K, 2342K ., 36K,
97 LNG R KET L 142480K, 162K, 36K, "LV =X KXK' . 1424881 . 4BA2K, 36K,
17 LG =R, 5%97 , 1424D8K, 4622K (36K, "LV7 =K. X", 142498K . 5442K . 36K,
27 LVE KRR L 1424801, 262K, 3ok, TLVI =X KK T AROEK, e7HE

Wyt CONY-8006, 4008, 2006, 1080, 008,400, 280, 109,80, 40,28, 13,.8.4.2, 1/

DATA 1BI1-/1UBE0aK, 460631, 28008K, 16888K, 4886K , 260aK , 1888K , 408K . 288K,
1108K, Ak, 26K, 1e, 410, 26 L 1K

EMD
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G ucioicioicioickeleloioeln sleinzistaieinisotn] sistalnsforsoioiokaioioiidokdoltiohiobioioiioieisiialomiolkelbok
M CONVERSION FROM TWO-DIGIT INTEGER TO TWO-BYTE ASLTI
[
C VERSION 2.8 JULY 26,1979 MARK MATHEWSON--S5D WRH NWS
Ctoryioiioloioioieiotsiiniotiololaaoksisioloiororiaialiakisi ook stoRorsRoiofo iR AR’
COrPILER NUOSTACK
SUBROUTIME DECRECLI.IASOLD
C I=INPUT YALUE. IASQU=0UTFUT WORLD IN ASCII
IRSCU=I5HF T I.716+48, 8)+43+MODCT . 18D
RETURM
END

L Noierskekaeioiciolaiioiaiikorinaioislolaieiomnieisiokistsiomiioroionsaltisakis iniekaieiokkolokbioiokl
COMYERT ELEVATION-STATUS WORD 7O STATUS INDICATORS

VERSION 1.8 JULY %.1879 MARK MATHELSON—-55D WRMH NWS
YERSION 2.0 JULY €6, 1279 MARK MATHEWSOM--S5D LIRH NWS
—-MND MODIFICATIONS FRI VI8
e N et e B Lo IR P TS AT T e [ A L L L £ 3 L] R L e 61 0 6 47 ) ) ]
COMPILER HOBTACK .
SUBROUTINE STATUS CIM, ATT.RGEINT, ST, THSAM, TEST)
INTEGER RGEINT.STC, TMSAM, TEST.ATT
C "IN" IS ELEVATION STATUS LDRD INPUT
C INITIRLIZE STATUS INDICATORE
MATT=40000%
MRGE=288691
FiSTC =408
FITHSAM= 1 DBEEK
MTST=1086888K
ATT=A IR ATTENUATORS
RGEINT=2 ;RANGE INTERVEL
S7C=8 :5TC MONITOR
THSAM=15 sTIME SAMPLE MOCNITOR
TEST=1 TEST MODE MOMITOR
C CHECK STRTUS BITSH
I=IAHD CIHLMATTY
IFOlLHE.OY NTT=1
I=TANDLIH MRGEY
IFCI.HE.G) RGEINT=1
I=IANDCIH, METC)
IFCT.HE. B STE=1
T=YAMDCIM . MTTSED
IFCI.NE.QY TM5AM=Z1
I=TAMDCIM, MTST
IFCILHE.RY TEST=H
RETURM

EMI

OnNO000
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PARAMETER

Dokskoteiorekgdokaiskokolok stoletokiciokiorioiolooksksioleiokokoicieilokskdoisioleieiofoiolokskrorstekok R

w] oOoOOOOOO0OooOO0O0nn

RADAR PARAMETER CHANGE FROGRAM

VERSION 1.8  JULY B,1979 MARK MATHEWSON--SSD WRH NWSs
VERSION 2.8 JULY 28,1979 MARK MATHEWSON--SSD WRH NWS

~~MODIF ICATIONS~-BLK4#1 CONTRINS LEVEL ARRAY FOR V2.8 GRID
PGM. ELIMINATED REQUESTS FOR CERTARIN PARNMETERS UNUSED
IM PRESENT VERSION.

selsketeiiokokeiateisiokasokAciokIMcR ROk TORORARRN R R HSR KRN R CIOR R TRk

PROGRAM ASKS USER FOR YARIOUS RADAR LOGGING AND DISPLAY
PARAMETERS AND THEM STURES THOSE PRARGMETERS INTO FILE
DP1:PARAMETER. THIS IS5 HOT THE SarE ROUTINE THRT ALLIWS
USERS TO CHANGE PARAMETERS FROM AFDS. THIS ROUTINE ALLOWS

MORE

‘OPEH

CHANGES TO BE MADE.

INTEGER P(B:255),LEVEL (8:255)

PRRAMETER FILE

CRLL OPEHM (1,."DPL1:PARAMETER".Z2. IERY
IF(IER.EQ. 1) GO 7O 1

TYPE "FARAMETER FILE OPEN FARIL. ITER=",IER
STOP

OBSERVATION INTERVAL (RAMEE 5 TO 68 MINUTES)

ACCEPT "OBEERVATION INTERVAL (MINY P.P(O
IF(P(B).LE.GE.OR.P(A) .GE.5) GO TO 2 ‘

TYPE "UBS INT QUT OF BOUNDS. RANGE 5-68 MIN,"
GO 0 1

RANGE BLAMIKING (RNY RANGED

ACCEPT "RAMGE BLANKING (KMy ".PC1)
IF(PCI).GE.9Y GO TD 3

TYPE "RANGE BLANKING MUST BE >= 8"
G0 TO 2

RESOLUTIDN DESIRED (RANGE 1 TO 28 KM

BCCEPT “RESOLUTION (KM “,P(2)
IF(P(2).GE.1.AND.P{(2) .LE.2A) GO TO & :

TYPE "RESOLUTION OUT OF BOUNDS (RANGE 1-28 KM "
GO T2 3

RADAR THRESHOLD

ACCERT "RADAR CALTBRATION THRESHOLD (A-238) PO
IF(PCI9) . CE.B.OR.P(ISY LE. 266 GO TO &
TYPE "RADGR CAL THRESH OUT OF BGUNDS (@-~269) "

.60 TO 6
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C LEVELSLFUR THRESHOLDS

8 ple) 1a 1=3.11

14 PCId-

UPITL(‘@ i5) ' L .

15 FORMATS . " THRESHOLD Lra:Ls .ENTER ZERQ TO STOP”)
D 16 1=1,9 ‘ . ,
WRITEC1®,.21) I .

21 . FORMATC ENTER THRESHOLD FOR LEVEL®, 12.5X.2)

J=1+2

ACCEPT P
IF(PI) . LE.B.OR. P(J) GT.258) 60 10 28

16 CONTINLE
C WRITE MEW PARAMETERS TO DISK

28 CALL CLOSEC18, JIER) .
- CALL LIRBLK ¢1,8.F,1,IFR>
IFCIER.HE. 1) TYPE "PARAMETER WRITE ERROR. IER=", IER
C PRODUCE THRLE OF LEVELS FOR USE IN GRID Y2.8 FGM.
C FiMD MﬂXIMUH LEVEL DESIREL
FAX
Do 5”u I=3.11
IFCPOT) LLELTIRYY GO 70 543
Jik=1-2
580 MAR=POEY
C IMITILIZE LEVELS TO MAX [.EVELS
A3 DO 59 [=8,255
499 LEVEL (1) =K
C FORM TABLE TH CRNYERT Pﬁ.i TO LEVELS

FET=PR{iI
1i=f3
0GR el 00

| §EE r"j"i.i's'f"
M G 1=11,12
LiwEC Laed-
S84 COMTIMUE
SE2 Ti=12
CALL LRELIOL T LEVEL, §, FERD
C CLOSE ALl FILEE RHD EXIT
CALL RESET
STOR
EHD
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CONTROL

Cotsiviololilolokiuiorioliioilakikiolkisoridoiiolioiolaolorsiooloricislmcloroksiolokioolok
RADAR-AFOS CONTROL PROGRAM

H

c
C .
c VERSION 2.8 JULY 28,1979 MARK MATHEWSON--SSD WRH NUS
c
C ‘RADAR CONTROL PROGRAM:
C i. READS PARAMETER FILE TO DETERMINE OBSERVATION INTERVAL
C 2. SCHEDULES .RADAR OBSERVATION, SRID, AND GRAPH PROGRAM -
C 3. ND ERROR CHECKING IS INCORPORATED FOR ¥ALID DATA.
» 4. SENDS FINISHED PRODUCT TO AFOS BY $TTO LINE
CaciesaiorkaoioRkAC ORtorIsicioi R KRoRIORRHORCRFORNOR n**wm***mwm********
COMPILER NOSTACK
INTEGER 1J(@:255)
C START-PROGRAM--INSURE DIRECTORY DP1 IS INITED
CALL INIT ¢"DP!",d, IER)
C START SEQUENCE -
C READ IN OBSERVATION INTERVAL
1 CALL OPENC1, "DP1:PARAMETER",2, IER)
IF(IER.NE.1) GO 7O 1888
CALL RDBLKC(1,8,1J,1, IER)
IFCIER.NE. 1) GO TO 1909
INTERY=1J(8) :0BS INTERVAL
CALL CLDSEC1,IER) . .
IFCIER.NE.1) GO TO 1888
€ GET PRESENT TIME, CHECK FOR 0BS TIME

2 CALL FGETIMCIHR. IMIN, ISEC) :PRESENT TIME
- IFCHMODCIMIN. INTERVY .EQ.B) GO TO 1@ : :0BS TIME
GO TO 2 :WAIT TILL OBSERVATION TIME
C OBSERVATION TIME
18 . CALL SWAP ("DPB:RADARLOG.SY", [ER) :GET DATA

JFCIER.NE.1) GO TO iee&. . .
CALL sWa# ("DPB:GRID.SV", [ER) :GRID THE DATA
IFCIER.NE. 1) 50 TO 1060
CALL SWAP ("DPR:GRAPH.SV*,IER) :GRAPH THE DATA
IFCIER.NE, 1} GO TG 1088

-C BSEMD THE DATA TO $TTO

" CALL OPEN (1, "DP1:NMCGPHRDR".2,IER)
IFCIER.NE. 1) GO TO 188A@
CALL OPEH (18,.'$TTO",2. IER.E4H
IFCIER.ME. 1) GO TU 1@@8
IBLK=8 :BLOCK COUNTER
11 CALL. RDBLKCL, IBLK, 1J, 1, IERY

IF(IER.EQ.9Y GO TO 58
JIFCIER.NE.1Y GO TOD 1gB&

C CHECK DATA FOR ALL ZERDS (END OF DATR)

J=0
DO 12 I1=Q,255
12 IFCLICIY LNE. .Y J=J+1 _
IFCJ.ER.BY GD TO 58 :END OF TRANSFER
CALL WRITR(18,8.1J.2,TER) : TRANSFER DATA.
IF¢IER.HE. 1) GO TO 1988
IBLK = IBLKA-1 : INCREMENT BLOCK COUNT
GO To 11 s TRAMSFER NEXT BLOCK
£ EHD OF SEGUENCE
58 CALL CLOSEC1R, IER) ;:CLGSE $TTO
CALL CLOSE¢I. IER) :CLOSE WMCGPHRDR FILE
GO TO i sRESTART SEQUENCE
e !
C ERROR
ipBa  STOP ;EXIT PROGRAM.
END '
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MaP BACKGROUNDS

o IMPLICIT REAL+E <(A-22
REAL+S LOMLIsLATL: LOMS LATE
INTEGER II:sREG1sI+REGZ+sST1sSTE+XI1SCy YIS0 ¥2ICDs YESCD
INTEGER INCENs IYCEN
INTEGER CHT (2D ~2040-

L PARAMETERS ‘

C SCALE I: RADAR RAMGE MAMIMUM IM kKM IBM 36‘:5/,68‘
SCHLE=450. MQP exfrac'i—-‘o-n

C FULL I% FULL SCRLE FIXEL SIZE P?Ostﬂlrn
FULL=a0nvZ.

C IXCEHM AMD IYCEM ARE CEMTER FIXEL LOCATIONE

IMCEN=2 0458
IYCEH=1535
© RADLAT:RADLOM RADAR LATITUDE AND LOWMGITULE
RADLAT=34, D0&8/57. 2237793
FADLOM=112, 4475-37. 2957795
FMAS=SCALE+1. 3
F=FULL-SCALE-Z.
READ DRTH
READCI 2+ END=100) REGL»STIsRESZ+STESLOMISLATILONZ LATZ
FORMAT (12K 2 (2I&2» 382 s 4FE. 4
CHT CREGLY =CNT (RER1> +1
CALL DIRDIS COIRsDIST.RARDLAT»RADLONSsLAT1sLOMN1>
(“) IFCDIST.GT.RMAKY CALL DIRDISCDIRISDISTL-RADLAT RHDLDH:LHT
~ IFCDISTGT.RMAY.ANDLDIETI.GT.EMAKY GO0 TO 1
II=3T1-ET2
MEXT STATEMENT FOR 0OHMLY &TRTEE
IF<II EQ.D» GO 7O 1
WIKM=DIST+DSINCDIRD
Y1iKM=DIST+DCOS <DIRD
MISC=INCEN+IDINT <<1KMeRAD
YASC=IYCEN+IDINT €Y 1EM+F
CALL DIRDISCDOIR-DIZT«LATLIsLONLsLATEsLONZ,
HEEM=DIST+ISIMCDIR
VEKM=DI&ET+ICOx <DIR>
HERCD=IDINT ($2KM*RA>
YEICD=IDINT CYEKMeR
WRITECIV»3Y ITI+X1SCaY1SCrNESCIy YESCH H1KNMs Y1IK M X2KM YEKM
= FORMATCY “oI3s2XedCIde 1radF 10,10 '
0 7O 1§
100 IO 101 I=1s1d
1401 WRITECEs 102> IsCHT (I
102 FORMAT (¢ COUNT FOR REGION “«ISy~ IS “sI&}
:TOP . '
EHD

=

L]
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L

EUBROJTIME DIRDIZCOIRSDIZTsLATELOMS«LATDLOMD
IMFLICIT REHAL+E A-22

E=1.5V072&8227D00-LATE

A=LOMNE-L0OMHD

C=1.5F0796327D0O0G~LATD
TNPP—DEUE(5}*DLDQ(L)+U=IH(P}*ﬂﬁIH{Cﬁ*HCﬂq(H)
IFCTHMPR.GT. 1. OOy TRPP=1. 0000 '
IFCTMRPP.LT.—1. a0agy THEP=-1. 0000

DIET=DARCOSE CTHMFP

THPP=COCOZ CCx —DCOS COIETH«DCOZ (B ) A DEINCDISTY+DIIH CBY )
IFCTMPP.GT. 1. 0000y THPP=1. D0

IFCTMPP.LT..~1. 00002 THRPP=—1. DDUB

DIR=DARCOSE CTHMPP?

DIST=DIST#+&. 3592315003

CIFCREINGAY JLT. 0L anoo DIP 4. 0000« 1, 5P 0P S3632F000-DIR
FETURN }

END
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Rl AT OO ROORROIORNGH

Ktorel

C’“’ Iw.l' ;,‘ e

T FRODUCE QFDJ GEH:.;EH FPDDUCi —wwfﬂdNTY MaP BQCVFPDUhB

C  ASSUMES IMPLIT DﬂTP IP FEOM FSU PHP EXTRACTION PROGRAM
C AMDh IS8, TH FiLE INDﬂTq .

c VERQIUN 1.8 JULY, IQ?B MARK MATHEWSON-~53D WRH HWS
C>k>k s esoRACeReReIR IR Ao ol s sioicloicioteioiicioieieiiekiekicielor ook ek
EXTERMAL GFD1.COMMH, UTF . DELTAVEC
~.w. COMMONs/DTR/IGA, ICOLNT, IREC
JHTEGER IGALBEE
CALL OPEN(Z.YINDATA",2, IER.BEY :«0PEN FILE
IGRC1Y="LR" : .
IGAC2Y="HE" :COMMS HERDER
IGE (3 =" PH* o
T1GAC4Y =" PBi°
IGACHI="86"
IGACSY="0R"
CoLL CoMrd
CALL GPDI . )
12 READCS. 2. END 188 (ILRCTY,.J=1.4
2 FORMAT(G6X. 414, 1¥2)
CALL DELTAVELD
GD-TO 12
168 CalLL CLLOSE (J;Itk)
cAaLL UTrF o
STaR
EMD

QUHH HEADER SUBRGUTINE FOR AFNS GRAPHICS PHCKRGE

WERSINM 1.A JULY 14,1979 MARK MATHELISOM-~SED LIRH N5

";GEITTEN BY BLEXAMNIT M HOLT GHD JIN FGRS
Lo PRNGRAMS WRITTEH AR s,
i MRITES FILE MAPE HEABER G 0PENS

fmrh O IBRCE)

HEES R b T e T

SUBRRQLTIHE Eﬂnd}
COMHDN-DTr- 1065, ICOUNT, IRED
IHTEGER IG&A(SER)
180 (73=30084Y
IGACBY =
C OPEM QUTPUT FILE (DP1:AFNSEPH.DTY
CALL BFILWC"DPI:AFOSEPH.DTY, IERD
EALL CRILLC"DP L GFDSGEPH. TR, 2, TER: ,
CALL QPENCIL "DRI:AFOSGRH. DT, 2, IER, 23
Critl. WREITRCL, IREC, IGA.§. IER)
IREC=IRECHE
- RETURH
EHD
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: L*Dk***"kﬂ L .<4<>k>k>k>k’-lxH\Mﬂ\mwvﬂ*mﬂﬁk‘i&k*ﬂc*******ﬁuk************h*****#ﬂk**

TEXT WRITING SUBROUTINE FOR AFOS GRAFHICS
VERSION 1.8 JULY 14,1979 MARK MATHEWSON--SSD WRH HWS

C
C
cC
£
C ADAPTED FROM ROUTINES WRITTEN BY ALEXANDER MACDONALD AND

C JIM FORS OF S50 URH NWS. THESE ROUTIMES HRITTEM FOR RUNNING
C ON NOvasiz. . -

C

C

c

c

TEXT URITINE ROUTINE WRITES TEXT IN THREE SIZES SP&CIFIED BY
ISIZE=B, 1.2, IX AND IY SPECIFY STARTING COORDIMATES. IJ**UUFDS
setdoRkckelolckssolaksoricieleioiRReioRokkeRRieleR e ‘?i»ﬂ’**h(?l( sicolokioioiolicRiiHeick
COMPILER HWOSTACK
SUBROUTINE TEXT{(IJ,ISIZE.IX.IY)
COMMON~D'TAR~IGA. ICOUNT, IREC
INTEGER 2Z2(3).IGR(58a) : ZZ IS TEMPORARY ARRAY

ICOUNT=1J

Z2(1)=142488K sTEXT ASCII IMSTRUCTION
Z2(23=1¥ : I¥ START COORDINATE
2Z(3)=1Y ; IY START COORDINATE

IFCISIZE.EG.1.0R, ISIZE.EQ.3) fALL IBET(ZZ2(2).14)
IFCISIEZE.EQ.2.0R, ISIZE.ER. 33 CALL ISET(ZZ42).1%)
£ALL WRITR(1,IREC.ZZ. 3. 1ER)
IREC=IREC+3 »

C UWRITE TEXT INTYS BUFFER '
CALL LRITRC(1.IREC, IGA, ICOUNT, IER)
IREC=IREC+ICOUNT ;UPDATE RECORD COUNTER
RETURN
END

DoioiikickioiooiokiokiokiioliolliviiokisloilsiomioRlobioliolsiiol
DELTAVEC DRAWS A SINGLE VECTOR FOR THE AFOS GRQPHICS PHCKQGE

C

C

C VERSION 1.8 JULY 14,1972 MARK MATHEWSON--SD WRH NWS
c .

C DELTAVEC DRAWS A SINELE VECTOR GIVEN THE STARTING CDURDINHTE$
C AMD THE RELATIVE X AND RELATIVE ¥ CHRNGES. ‘ )
C--WRITTEN FOR THE NOVAZ1Z2.
C IGR(1)=X STRRT,IGA{2)=Y START, Ifﬂ(3)=DELTﬁ A, IGAC4) =DELTA Y
Citototetioioiioklrrcl ook RRRR SRRk AGTICIMORMOR KR ARk M*H‘uidi\**"'f**** HOKHokOK

EOMPILER NOGTACK

SUBRBUTINE DELTAVEC

COMMON/DTA-IGE, ICOUNT, IREC

INTEGER Id6). IGR(5068)

MSR=1777PK
COWRITE IMSTRUCTION SET '

[l =141408K tVECTOR RELATIVE INSTRUCTION

H2)=1GAC 1)

I3y =1GA2)

104) =2
1(5)=1GA(3) :DELTA X
1(6)=1GA (4} ;DELTA ¥
D0 1 Jj=5.6 _
o 1¢JJ) =1ANDCTCIJ) , MSK)
1 CONTINUE -

CALL WRITRCI, IREC,I.6. IER}
IREC=IREC+6

RETURH

END
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O

Ci=stacmiolaiaialoilolokicioololollaioiokolecoksololkkAkioiokiotolomolorsaakskaioiokloliolorokiolokk
UNIVERSAL TRANSMISSIONM FORMAT FOR AFOS GRAPHICS

VERSION 1.6 JULY 14.1978 MARK MATHEWSON--SSD WRH HUWS

c
c
c
C .
C ADAPTED FROM ROUTINES WRITTEM BY ALEXANDER MACDONALD AND

C JIM FORS OF SSIr WRH NWS. THIS ROUTIME WRITTEM FOR NOYAZ12.
C

C

£

c

C

UTF ROUTIME REPLACES 283K BYTE WITH A BEL.FF SEQUENCE (28K. 14K)
AND REPLACES A DEL BYTE WITH A DEL.DEL SEQUEMCE. IT ALSD ADDS
A 283K BYTE (EMD OF TRANSMISSION) TO THE ENR BF THE BLOCK
SCknGCR RO sk clsicieloloifRacias slololeleiEriopsisisRiceicielotolpiokseikk
COMPILER MNOSTACK
SUBROUTIME UTF
COMMOMNADTA-LGAL ICOUNT, IREC
INTEGER IGACSBE) , 0REC, MGK
Bk =377K
€ OPEN TEMPORARY FILE AFOSGPH, XX
CALL DFILWC"DPL:AFOSGPH, XX", IER)
CALL CFILWC("DP1:AFOSGRH. X" .2, IERY
CALL. OPEHCZ. "D 1 :AFDSEPH. KR, 2, IER, 2) ;RANDOM, 2 BYTE RECORDS
C READ FILE 1 TO .FILE 2 AND FAKE AFFPRD. CHANGES AS WE GO.

IREC=0
. QREC =g
1 CALL READR(1.IREC-Z.1GA.1.IER)
' IREC=IRED+1

IF{IER.ER.D) GO TO 188 :END OF DATA
IFCMODCIRED, 23 JHE. @Y IGACLY=ISHFT{IGAC 1Y, ~5)
IGET L= IAND{IGA L) . MSKD _ ‘
IFCIEATIY L NE.2A3K) B0 TG 5 sHOT 203K
AGACTD) =2BK :REPLACE MITH DLE CHARACTER
CALL WRITR(Z2,0REC, IBA,. 1, IER)

IGR (1) =14K :REPLACE WITH FF CHARACTER
CALL WRITR(Z2.CRECH+1,IG6A.1.IER)]

OREC=0REC-+2 ‘

GO 1O

- IFCIGACL) JHE. 28K) GO 70 18 sMOT BELETE CHARACTER

CALL WRITR(2,0REC. I6A.1,IERY  URITE DELETE
-BREC =0REL-+1 _ o
19 CALL LRITR(Z.0REC,IGR, 1, IERY  :WRITE CHARACTER
OREC=(RECH .
GO TO 1
C WRITE F¥Y DUARSCTER 6T EWD OF FILE
189 IBACE) »203K :
CALL WRITR(Z.OREC, 1GA,1.1ERY  :WRITE END OF FILE
C COPY NEW FILE BACK TN oLn FILE
IREC=0
OREC=0
44 CALL READR(2,.BREC, IGA.2.1ER)  :READ TWO RECORDS
IFC1ER.ER.3) GO 7O 125 :END OF DATA
IGRT13=ISHFTCIGACT) , @) +IGAL2Y  EOMBINE BYTES
. CALL WRITRil, IREC,iGA, !, JER) JWRITE 1T -
IREC=IRECH1
IREC=0REC+2
L0 TO 44
C END PROGRAY
125  CALL READR(2.ORED, I6A, 1. JERD
IFCIER.ED.DY GO TO 128
151 =I8HFTCIGACTY B
CALL WRITRCL. TREL, J6a, 1. IER)
128 CfLL CLOBECE, TERS

Rl Tl 7]
CALL DE AL R LD T W L TERD
RETURM
END
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CasishiniotuicielorniisloiricloiaiasirinoicisoioipicorRiokoklollokdeieeiokkaicolelokiok
GRAPHIC PRODUCT REFINRTION FOR AFOS GRAPHIC PACKAGE

C
c . :

c VERGION 1.8 JULY 14,1979 MARK MATHEWSDH-~SED LRH NWS
c

C ADAPTED FROM ROUTIMES WRITTEM BY ALEXANDEE MACDONALD AND
C JIM FORS OF S8D LRH NWS. THIS ROUTINE WRITTEN TO RUN OH
C NOVR312,
c :
'C THIS SUBROUTINE DEFINES GRAPHIC PROCDUCT &HD DRAWS BGX
C ARGUND BOUNDARRY.
Cacisiokioiekiciokioiomisiolsk SeoRsikistefolalekskuoklskising .>I"l<>">‘ istolokiekkkIctoRIck KRk

COMPILER NOSTACK

SUBRDUTINE GPD1

COMMBH/DTA-IGA, ICOUNT, IREC

INTEGER 1GA(588?2
C PRODUCE GRAPHIC PRODUCT DEF.

IGA (1) =24BaK sNECESSARY FOR UNKNOWN REASON

IGAC2) =14a4a8K  :GRAPH PROD DEFIN.

IEAC3) =0 " :GEOGRAFHY SCALE

IGACA) =188aBK  :MAXIMUM 1 COORDINATE

[5A(3) =6886K ;MAXIMUM J COBRDINATE

IBACGY =9 s DAY-MOMTH~YEAR

IGAL{F =@ s TIME-PDC
C PRODUCE BOX AROUND JCEEFN

IBA{8)=1414R8K ;RELATIVE VECTOR INQTRUFTIUN

i
i

IGR(Z3=8 ;1 COORDINATE START

TG C18) =8 1 COORDINATE START '
IGAC112 =8 :8 LORDS FOLLOW

IGAC12) =8 ;DRAW UpP

IGA(13) =3678 R
IGAC14) =4899 PIN
IGAC15Y=8 - ¢
IGA16) =B :DRAL DOLN
IGAC17) =-3878
IGACTRY =350
IGA{159=0
C CLEAR NECESSARY BITS FOR CORRECT INSTRUCTIONS
DA 1 JJ=1F. 18
CALL ICLROIGRCITY . 159)
CollL ICLECIGACIID . 1
CALL ICLRCUIGACII), 132
r CONTINUE
C WRITE BUFFER TO DISK
CALL WRITRCI, IREC, IGA, 19, 1ER)Y
"IREC=IREC+19
RETURN
. END
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ey mskerseleie e okssmsi e sokeibioooioiisiioiololorcrRsloioksiorsio ol io
aiFdS BLRCKDATA SUBPROGFGM

VERSION 1.8 JULY‘!4,19?9 MARK MATHEWSON--5SD WRH HWS

00

C ADAPTED FROM GRAPHICS PROGRAMS WRITTEN BY ALEXANDER MACDONALD
C AMD JIM FORS OF 58D WRH eld5. THESE PROGRAMS MADE TO RUN ON
€ NOVAZ12. '

L siiciensicioieisiosioioieieioidoameiiemasepisioiioiaosiomaiorisoioreiionmesoleeinrioiek
COMPILER HRSTACK
BLOCK nATA
COMMON-DTAIGA, ICOUNT. IREC
CINTEGER 1GA(588), ICOUNT., IREC ,
C IGA=IMPUT DATA BUFFER. ICOUNT=VRLID DATA COUNT. IREC=#REC IN QUTPUT FILE
DATA 1GA-SAEkE
DATA TLOUNT~ 8.
BATR IREC-G-
END
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General Purpose

interface Board for Data -

C.2neral or similar type
computers

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
"QR" tying input data at the input of the buffer gates
rather than on the computer data line bus..

Multiple Device Controflers—The printed circuit logic
is used for one device controller but ail device select (ad-
dress) fines and all control 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 controliers. The GPIfO
manufactured by Data General board does not allow for
- a'convenient method of mechanizing extra dewce con-
trotlers on its board

= o PuT oy
: REG WA REG INPUT REG B A
;cgn& as A e ‘0!?] r_
b REG 'REG }
HIR CLEAR ‘
L] ’-D"E—L_—' EH 1 AEE CLEAR
- IRPUT DATA iy AT DATA DATA REGS
5 o5y |t = 1 s [ meBRTS | MG | REcasm ADGRESS (= REG LOAD
woacear |} DEVICE S5 Rk _I:EJ [ ounTE INCREMENT CLK
e RUFTA L[] T DECODER, pev[ 1 1
. BUSY [DONE
: UG 0]
st T = I;'l STHT Lo e— — STROE
T ] THT " ; 1]
on It R T
I e i 1
DaTAE {ArC) = 1 H . | 1 MASH LY
De1e0acC) 1fo conTr, =11
o conts 02 caren (mmu.E 7 A hae =
. INTERRURT o
MASK LOG'C
it . g‘ﬁ"
ol g s (o) & 0
W"Ja INTERALPT |? . . CPEM. COLLECTOR pus, g:‘ DETk
i mn}"ﬂ‘ ' N : I Ta {ons) E [ous
e BUF — BER {0515 oa _6?-15(
REG INPUT G INPUT
Data {7 . m (5 15) zu{nus) D78 LINE B"EJ
REG QLEAR ko
7 B6EG CLEAR :
OQUTRUT DaTA OUTPUT DATA DAYA REG 1
. =) : REG 8 BATS REG 8 BI7S - WORD gounTRR | — REG LOAD |
west § b—] FSEEL 10 RESET X INCREUENT CLK i
' REC TOAD |
RLGOUF — . REG CUT REG OUT
. - )y & i e [T e
5 DRIA CHANML, RYTE
R Y TIeING LOGIC suc = o 2ZERD CONT s
%‘."3 v (fa Cranmgl L?J - : PACKING :g_gcm {1 EnarE
OVRFLD Lo : . X :
Quto RFFER : - LNAHLE
S ! 1‘1 l_:[] : ;lj_ . L
Lo S MO Wi SETOoH BYTE QAN 2EP0 !
[en e 6] }
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request,

110 DATA REGISTERS

There are two general 16 bit /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 unpagcking. The output dataregi )
- Is 1oaded with a 16 bit word from the computer and may

- channel interface.

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 1
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 data
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TECHNICAL DESCRIPTION
GENERAL-PURPOSE INTERFACE BOARD

INTRODUCTION | - Re

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

The GPIB contains basic interface logic for communicating with the 1O bus of a Data_
General computer (or other computers emulating a 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 10 bﬁs-to—dey’icé ,

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 devige
interface. The other half of the module contains logic to interface the user—bu:lt logic with
the Data General 1/O bus.

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

PHYSICAL DESCRIPTION

The GPIB is a 15-inch-square printed circuit board built to plug into any Data General O

computer or expansion chassis. Even with user-built logic, it requires only a single slat
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
sixteen-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 15
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 etched 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 pround and Vcc pin assignments. Wherever a posmon is used for a lé-pm dewcq
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, l‘3, 14, and 15) have pin 7
connected to the ground plane, and pin 14 connected to the Vce plane.

Between rows are pads in which the user may install ceramic decoupling capacitors with
leads spaced 0.3 inchi 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 Vee plane to connect pin 8 of a 16-pin device to ground, and connect pin 16 to Vec.
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 | 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) havmg 20, 26, 34, 40, or 50 pins. Refer to the MDB price list for

‘ ordermg information.

Th.c 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 wirecwrap
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 14-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 §16t in the chassis.
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Wirewrap  Backplane | Wirewrap  Backplane | Wirewrap  Backplane

Pin Pin Pin Pin Pin Pin
T15 A47 $23 A8! $31 B23
T16 A49 T24 A83 T31 B25
S15 A57 . 824 A84 . S32 B27
S16 A59 T25 A85 T32 B3l
S17 A61 S25 A86 $33 B34
Ti8 A63 T26 A87 T33 B36
TI9 A6S S26 A88 Y105 B38
T20  A67 T27 A89 X105 B40
$20 AGY S27 A90 Y106 B48§
T21 A7l T28 A9l X106 B49
S21 A73 $28 A92 | Xna B51
T22 A75 X81 ' B6 L Yl4 B52
S18 A76 T29 BIl | X115 B53
S22 ATT T30 BI3 | YIS B54
S19 A8 $29 BIS Y125 B67
T23 A79 $30 B19 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.

T1 *AS S6 Al6 - TH *A25
T2 ‘ A7 T7 Al7 S1i *A26
S2 *A8 S7 Alg TI2 A27
T3 *A9 T8 Al9 S12 A28
T4 All - S8 A20 TI3 A29
S4 *Al2 T9 A2l S13 . A30
TS5 *Al3 S9 A22 . Ti4 A3l
S5 *Al4 T10 *A23 : Si4 A32
Té AlS S10 *A24 f

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




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 I/O bus reading a 16-bit
word from the register. The Qutput Data Register receives a 16-bit word from the I/0O
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 used 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 GP1/O board will not conveniently accommodate more than a single controller.

_ LOGIC UTILIZATION

I
{

S

)

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 volts).

Data Bus Drivers and Receivers

Data on the bidirectional data lines (IDATAG - DATAT3) is received by inverting gates
which provide outputs DATAO through DATA 5. 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 (IDATAQ - 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 user-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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Figure 1. General-Purpose Interface Board, Block Diagram
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Table 2. lnput/Qutput Data Bus Pinr Assipnments

Computer Pin GPIB Pin GPIB Pin

Data Bus  [Number | OQutput Bus | Number | Input Bus [ Number
DATAG/B62 | X59 DATAQ Y22 IDATAD X96
DATAI/B65 | X65 DATAL X23 IDATAI Y103
DATA2/B82 | Y60 DATA2 X22 IDATA2 Y97
DATA3fB73 | Y65 | DATA3 Y23 IDATA3 X102
DATA4/B61 | Y68 DATA4 Y32 IDATA4 Y107
DATAS5/B57 | X74 DATAS X33 IDATAS X113
DATAG6/B95 | X68 DATA®6 X32 IDATAG X107
DATAT/B55 | Y74 DATA7 Y33 IDATA7 Y113
DATAB/B60 | X78 DATAS Y43 IDATAS X117
DATA9/B63 | Y85 DATA9S X44 IDATAS X123
DATA10/B75] Y79 DATAIO X43 IDATAIQ Y118
DATAI11/B58] X84 DATAII Y44 IDATALL Y123
DATAI12/B59| Y87 DATAL2 X52 1IDATAIL2 Yi26 .
DATAI13/B64} Y94 DATA!3 Y54 IDATAI13 Y133
DATA14/B56( X87 DATAI4 Y53 IDATA14 X126
DATA15/B66| X93 DATALS X53 | IDATALS X132

Device Select Logic

The 1/O bus device select lines (DSO - DSS5) are received by dual inverters which generate
terms BRSO through BDSS, and their complements (BDS0 is the most-significant line).
These terms are connected to wirewrap pins for user access.

Device select terms DSLTO through DSLTS5 are inputs 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

-73-

Computer GPIB Pin GPIB Pin GPIB Pin
Devlc? Select BDS Line | Number | BDS Line | Number Devu:t.a Select Number
line L.ine
DSO;AT2 BDSO Y86 BDS0 X86 "DSLTO X137
DSI;A68 BDS} X76 BDSt Y77 DSLTI1 Y138
DS2/A66 BDS2 X77 BDS2 Y78 DSLT?2 X138
DS3/A46 BDS3 X58 BDS3 Y59 DSLT3 Y137
DS4;A62 BDS4 Y67 BDS4 X67 DSLT4 Y139
DS5; A6d BDSS Y66 BDS5 X66 DSLT5 X139




For example, the following connections are required to encode the address 62;:

X137 to Y86 . (DSLTO to BDSO)

Y138 to X76 (DSLTI to BDSI) ,,
X138 to Y78 (DSLT2 to BDS?) . D
Y137to Y59 (DSLT3 to BDS3)

Y139 to Y67 (DSLT4 to BDS4)

X139 to X66 (DSLTS to BDS5)

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 SLT) control
Busy/Done logic, load output registers, read input registers, or perform various functions
in the user-built logic.

The five control signals originating at the GP1B are driven by open-collector gates. D

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 Qutput Contro! Line Pm Assignments

Computer Buffered . | Device-Selected. | .,. ot
Control Line Contro! Line Pin Contro) Line - Pin 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 X135 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 T
: Register. J
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Table 4. Computer Quiput Control Line Pin Assipnments {cont’d)

Computer Buffered Pin Device-Selected Pi Descrintion
Control Line Control Line M1 Control Line m oeserp
DATOA/AS58 | BDOA Yi2 | DATA OUT A |XI12] User signal. May be
" connected to load

Qutput Data Register
or Word Counter
Register.

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

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

DATIC/AS54 | BDIC Y5 DATAINC [X5 | Same as DATAIN 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/B41 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 IO RESET A (Y16 Resets ail GPIB control

‘ logic.

INTPIN/A96 Determines priority of
GPIB interrupt request.

DCHPIN/ A% | Determines priority of

GPIB data channel
request,

\




Table 5. GPIB Qutput Control Line Pin Assigmnents
D l
Computer . GPIB . copirtt
Control Line Pin Source Pin Description
SELD/AS80 X27 | Done Flip-ﬂop X8, | Asserted when Done is set and DEV
X9 | SLT is true. :
SELB/AS2 Y17 | Busy Flip-flop X1 | Asserted when Busy is set and DEV
SLT is true.
INTR/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 INTREQ 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

Busy/Done and Interrupt Logic

DCH REQ.:

The basic GPIB provides the standard mechanization of Busy/ ane and interrupt logic
generally used to control device controllers on the computer I/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-flop may be set by user-built logic in either of two wajs'

a. By a negative-going pulse at wirewrap pin X7 (SI:‘I‘ DN E), which direct-sets
the Done flip-flop; or

b. Bya clock signal at pin Y7 (CLK DNE) with pin Y8 (CLK DNE EN) held
high. 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 foliows:

a. Dlsconnect Done (Pin X8) from pin X9 and control INT REQ with another
, S1gnal at X9. Ground X9 to permanently disable interrupt requests.




O

b. Assipn a mask bit o soltwige to appear on a data line (DATAQ - DATAT1S),
and connect the bit to pin X10 (MSK BIT). The computer can then disable interrupt
requests using a Mask Out (MSKO) instruction to clock the assigned bit into the Mask
flip-flop. '

Tﬁe 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 DS@ through I3S3) 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 GPIB, it will have the 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 Data
Channel Option.

1/O RESET

IORST at the interface is inverted to form 10 RESET A, which resets all control flip-

. flops in the basic GPIB logi¢. IO RESET A also produces 10 RESET, 10 RESET B, and

IO RESET C, which may be used in user-built logic.

A reset signal generated in user-built logic may be connected 1o wirewrap pin X21 and
ORed with IO RESET A to also generate IO RESET, 10 RESET B, and 10 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.

¢  Ouiput 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 Channcl Option.
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Input Data Register

The 16 inputs to this register are connected {rom wirewrap posts. Each half of the register f’)
may be loaded scparately. with LIDRL (pin Y130) loading the eight least-significant bits, -
and LIDRH (pin X110) loading the most-significant eight bits. To Joad 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.

A

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) D

Reset Control RIDRH (Y110) Reset Control RIDRL (X129) "
Data Data GPIB Input Data Data GPIB Input
Input | Output Data Bus Input | Qutput Data Bus
Y99 X97 . IDATAO (MSB) | Y120 X118 IDATAS
X100 Y102 IDATAI Y121 X122 IDATA9
X98 Y98 | IDATA2 X119 Y119 TDATATO
Y101 X101 IDATA3 X121 Y122 IDATAII
X109 Y108 IDATA4 Y129 Y127 IDATAI2
Y111 X112 IDATAS X130 Y132 IDATAI3
Y109 X108 IDATAG X128 X127 IDATA14
X111 Y112 IDATA7 Y131 X131 IDATA1S5 (LSB)

Qutput Data Register

The 16 inputs to this register originate at the 1/O data bus, RCngtCl’ 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
outputs and presents the selected byte to wirewran =ing for use by user-built logic. The
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bylc is seleeted by BSEL (pin X57). The high-order byte is sclected when BSEL is low,
and the low-order byte is selected when BSEL is high.

Multiplexer outputs may be disabled by u)nncumg STR (pin Y1 l7) low. @",\
Table 7 lists wirewrap pin assignments for su,ndls related to the Output Data Register.

Table 7. Qutput Data Register Pin Assignments

Multiplexer Control BSEL (X57)
Load Control LODR (X36) : Low = DATA® - DATA7
Reset Control RODR (Y36) High = DATAS - DATA15
Multiplexer Disable STR (Y117)
Data In [())i::‘ Data In %aut:l Multiplexer Out
DATAQ (MSB) | X19 | DATAS Y41 _ X42
DATAI Y25 | DATA9 X46 ' Y42
1 DATA2 Y20 | DATALO - X4] Y45
DATA3 X24 | DATAIL Y46 X45
DATA4 Y3l { DATAIL2 X50 Y52
DATAS X34 | DATAI3 Y56 X5l
DATAG X31 | DATA4 Y51 : X54 -
DATAT . Y34 | DATAIS (LSB) | X55 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 Channe! 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 (DATAQ - 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 Yl24) from user-built logic, updating the “address for each data

“ channel cycle, . . o

N i
The address counter register is read to the bus by RDAC (connected to DCHSELDCHA

" 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 RDAC (X116) Clock Input CAC (Y89)
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 IDATAO (MSB) Y81 X79 IDATAS
Y63 X64 IDATAI X82 Y84 IDATA9
X6l Y61 IDATA2 X80 Y80 IDATA10
X63 Y64 IDATA3 Y83 X83 IDATAII
X70 Y69 IDATA4 Y90 Y88 IDATAI2
Y72 X173 IDATAS X91 Y93 IDATAI3
Y70 X69 IDATAG X89 X88 IDATA 14
X72 Y73 IDATA7 Y92 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 Output Data Register described previously. The register is loaded from the
data bus (DATAO - DATA15) by asserting LWC (pin X3%), 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 pulses 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 DCHSEL+DCHA is
available at wirewrap pin Y124).

The word counter detector output WCZERO (pin X29) is asserted when the word count
reaches zero. The term WCZERDO 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 WCZERO is generated by decoding a ripple counter, that term may
have spikes at clock intervals. A supgested method of ending a block transfer is to connect
WCZERO to CLLK DNE EN (pin Y8), and to connect CLLK DNE (pin Y7) to either DCH
SEL.DCHO (pin Y95) or DCH SEL-DCHI (pin X95).

/_) - Table 9 lists pin assignments for signals related 1o this register.

Table 9. Qutput Data/Word Counter Register Pin Assignments

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

Data Input 0?::; ¢ Data Input 0?:;1 t
DATAO (MSB) | XI8 | DATAS Y40
DATAL Y26 | DATA9 X47
DATA2 Y19 | DATAIO X40
DATA3 X25 | DATAII Y47
DATA4 Y30 | DATAL2 Y49
DATAS X35 | DATAI3 Y57
DATAG X30 | DATAI4 X49
DATA7? Y35 | DATAIS (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 lines originating at the GPIB.

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

Computer Buffered Pin DCH-Selected Pin Description
Control Line Control Line Control Line
DCHA/AG0 DCHA X85 | DCHSEL. Y124 | Returns memory address
DCHA to computer during data
channel cycle. May be
used to read Address
o Counter by connecting
) . : to RDAC (X116).
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Table 10. Computer-Generated Data Channel Control Lines, Pin Assignments (com"d)

Computer Buffered .| DCH-Selected . e
Control Line | Control Line | ™™ | Controi Line | L' Description
DCHO/B33 BDCHO X94 | DCHSEL» Y95 | Use to access computer
DCHO output data on data
channel, To load Output
Data Register, connect
to LODR (X36).
DCHI/B37 BDCHI Y% |DCHSEL- X95 | Puts memory data on bus
DCHIi to be read by computer
' during data channel
input cycle. To read
Input Data Register,
/ connect to RDIR (X120).
OVRFLO/B39 | BOVRFLO |XI103|DCHSELe Y 104| Generated by certain
OVERFLOW model computers to
indicate data overflow
during data channel
increment or add-to-
memory cycle.

-|DCHP IN/A%4 Determines priority of
GPIB data channel
request.

Table 11. GPIB-Generated Data Channel Control Lines, Pin Assignments
Computer GPIB . o
Control Line Source Pin Description
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 M1 Y136 | connects M0 and M1 as follows:
B21, X136 :
MO M1 Data Channel Operation
0 0 Data Out (read memory)
0 I Increment Memory _
] 0 Data In (write to memory)
| 1 Add to-Memory
Note that increment 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 inittites a data channel request by setting the DCH SYNC (X134) flip-flop in

cither of two ways, as follows:

a. - Direcl-sct DCH SYNC with a negative-going pulse at pin Y135 (SET SYNC),.

b. Set DCH SYNC with a clock at pin X135 (CLK DSYNC), with pins X133 and
Y134 (DSYNC ENI 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. SE1 SYNC must be raised before, or during, the last DCHA signal
reqmrcd for the repetitive data channel operations.

DCH SYNC is normally reset with the DCH-sclected 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 puise after DCH SYNC is reset, or by JORST.

‘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 I/O bus.

MAINTENANCE

Refer-to the logic and assembly diagrams in this manual, and to appropriate Data General

‘manuals for the NOVA computer.

° Repair the module using appropriate skills, techn-iques, 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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