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ABSTRACI

This technical report is a working document which describes
the design and operation of a low resolution radar data recording
system for precipitation measurements. This system records a full
azimuth scan on seven track magnetic tapes every five minutes, It
is designed to operate on a continuous basis with operator inter-
vention required only for changing tape reels and calibration.
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I. LOW RESOLUTION RADAR SYSTEM DESCRIPTION

A. Introduction

The Low Resolution Radar System (LO-RES system) is a fully
automated system designed for 24 hour/day, unmanned data acquisition.
This system utilizes a conventional 9 GHz commercial marine pulse
radar and 0.7 m parabolic antenna. The antenna rotates continuously
in azimuth with a fixed elevation angle. Every five minutes the radar
video signal is sampled and digitally integrated over one compiete
antenna rotation. If the integrated backscatter is lTarger than a
preset threshold level, the successive scan is digitized and recorded
on magnetic tape. The date, time, azimuth angles, and transmitted
power levels are also recorded on this magnetic tape. The radar data
may also be displayed on a conventional 360° PPI display with a
maximum range of 100 Km. This system provides the capability for
gathering statistical data concerning size, intensity, shape, orien-
tation, and movement of thunderstorm cells continuously over long
periods of time.

This capability was developed for the measurement of the temporal
and spatial characteristics of precipitation in conjunction with milli-
meter wavelength propagation studies utilizing the Advanced Technology
Satellites. The precipitation characteristics derived from these
measurements could also be of direct benefit in such diverse areas as:
the atmospher1c sciences, meteoro]ogy, water resources, flood control
and warning, severe storm warning, agr1cu1tura1 crop studies, and urban
and reg1ona1 planning.

This technical report is a working document which describes the
design and operation of the Tow resolution radar data recording system.
This system records a full azimuth scan on seven track digital mag-
netic tape every five minutes. It is designed to operate on a
continuous basis with operator intervention required only for changing
tape reels and calibration. As the system js operated and the data
analyzed, changes will be made in the design to improve the operation.
Thus, this document is expected to be continuously updated to reflect
these changes. The computer software is also described.

B. System Description

The low resolution radar system has three major components. The
first of these is a Kelvin Hughes Marine radar. The characteristics
of this radar are summarized in Table I. The second component is an
SDS 910 computer which is described in Table II. The third component
is a digital interface which was designed and constructed at the
ElectroScience Laboratory. The interface accepts video data from the



TABLE 1
KELVIN HUGHES MARINE RADAR MODEL

Frequency 9.458 GHz
Repetition Rate 800 Hz
Pulse Width .75 yus

Peak Power 18.6 kW

Antenna Beamwidth 1.2° Azimuth x 25° elevation
at 3 dB points '

Scan Rate 24 vpm
TABLE II
SDS 910 COMPUTER
Word Size 24 bits
Core Size 2048 words

1/0 Capabilities 24 bit parallel input and output
6 bit character buffer

Interrupts 4 priority level
Cycle Time 8 us, most instructions 2 to 3 cycles
Peripherals Paper tape reader

Tape drive; 7 track, 200 bpi

The characteristics and timing parameters used to specify the
operation of the interface will be discussed first. Next the overall
operation of the interface will be explained. This will be followed
by a discussion of the individual circuits in the interface. Finally
the data format and processing techniques will be described.

C. Interface Characteristics

The Kelvin Hughes radar has an effective range of seventy-two
miles. For the purposes of data collection a zero to fifty mile
range was considered. The antenna azimuth beamwidth at ranges beyond
fifty miles was considered to be too wide to provide useful data.

A convenient number of range bins, based on component availability
and storage capability of the computer and magnetic tape reel,. was
found to be one hundred. Using the criterion that the fiftieth range
bin should be approximately square, the range bin depth was found to
be approximately 0.7 km. This corresponds to an A/D sampling period
of slightly more than 5 pus. A sampling period of 6 us was chosen,
Thus, a range bin is 0.9 km deep. Since only gross radar backscatter
data were sought three bits were used in the A/D conversion. An '



eight bit A/D converter was used in the hardware so that if three
bits were found to be insufficient the data could be extended to a
maximum of eight bits. This would however involve some redesign of
" the interface circuitry to accommodate the larger video data word.

A target detection scheme was desired so that the recording of
data would occur only when a storm was present in the zero to fifty
mile range. So that the entry of a storm into the data region could
be recorded the full seventy-two mile range capability was used for
target detection. The scheme used involves digitally integrating
the entire video return from one radar scan. An integration in range
for each antenna look angle and an integration of each range sum for
all look angles are performed. The result is then compared to a threshold
level to determine if a target is present. Because there are two inte-
grations, two levels of target detection are possible. After one
hundred range bins are integrated for a look angle a comparison can be
made to set a range target flag. After.a scan is completed a com-
parison can be made to determine if a target is present in the scan
area. The interface has provisions for both target flags to control
the transmission of data to the computer. However, the current version
of the SDS 910 software requires that a full scan be recorded on
magnetic tape so only the azimuth integration target flag is used.

The range integration flag currently remains set.

Along with the Kelvin Hughes radar, a digital clock and power
monitor are connected to the interface. Thus, the recorded data has
the date and time of the scan, the azimuth look angle, the average
power of the radar at the time of the look angle and one hundred
samples of the radar video. For each Took angle, fifteen 24 bit
words are required to transfer this data to the computer. These are
written in 855 word records on seven track digital magnetic tape.

To 1imit the amount of data recorded to a reasonable level the inter-
face operates only once every five minutes. Thus, a 2400 foot reel

of magnetic tape can hold the data for approximately twenty-five

hours of continuous recording. The various signals transferred from
the Kelvin Hughes radar to the interface are described in the following
section. A power divider was inserted at the preamplifier output for
the signal return input of the interface. A logarithimic amplifier
with a nominal 80 dB dynamic range was used to provide the video signal.
The scanning system in the Kelvin Hughes radar develops a -Z20V pulse to
provide a heading 1ine on the PPI display. This pulse occurs once each
antenna revolution and is used by the interface to signal the start

of an azimuth scan. The pulse occurs each time the antenna is pointed
due North. Also used by the scanning circuitry is a 36 Hz, 85V p-p

2 phase signal which drives the PPI display deflection yoke. The zero
crossings of each phase, when combined, occur at one degree increments
in azimuth as the antenna scans. These signals are used by the inter-
face to determine the antenna pointing angle. The power monitor
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mentioned earlier is coupled to the antenna transmission line and
measures the actual transmitted power.

The SDS 310 computer also uses several signals to control the
transfer of data from the interface to the computer. To signal that
the interface is ready with data the priority interrupts are used.
The first Tevel has been reserved for implementation of an abort
interrupt. Llevels two, three and four are used by the interface to
signal the type of data to be transferred to the computer. Because
of Timitations in the computer, the intended use of these interrupts
for controliing an interfaced magnetic tape-interface operation could
not be implemented. Although all levels are currently used, two levels
could be used for other purposes without impairing the operation of
the interface. This is discussed in more detail in the description
of the interrupt control module.

The actual data transfer from the interface to the computer is
done through the paraliel input buffer of the computer. A ready
signal from the interface initiates the data transfer by causing a
parallel input instruction, PIN, to be executed by the computer. A
finished signal from the buffer indicates when the imput process is
complete. Although there are other signals present, only these two
are used by the interface for the parallel input operation.

II.  INTERFACE CONSTRUCTION AND OPERATION

A. Introduction

The three basic components of the low resolution radar system
have been described. The Kelvin Hughes radar and SDS 910 computer
characteristics have been explained. The signals from these units
which are used by the interface have been described. In this section
the construction and operation of the interface will be discussed and
the circuit and timing diagrams will be presented. General comments
about the construction techniques used will also be discussed.
Specific construction details are presented in Appendix B.

B. Construction Comments

The digital interface was fabricated using high density dual-
in-Tine packaging panels for the logic circuits. These panels are
sometimes referred to as wire wrap boards. Fach panel is a glass
epoxy circuit board with individual terminals for each integrated
circuit package pin. The terminals have half inch tails to which
wires are wrapped to make a connection. Fach terminal can have three
wraps using conventional wire wrap techniques. The terminals are
arranged in the conventional sixteen pin dual-in-Tine pattern, TO-116.
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Each panel has 60 socket patterns arranged in two groups. At the
head of each group are two groups of header pins used for external
connections.

The wire wrap type of construction was chosen for its flexibility
and time saving characteristics. Using Tocally available wire wrap
services the two boards used in the interface were wired in one week.
Insertion of the integrated circuits (IC) was all that was reguired
to prepare the boards for testing. The wire wrap construction per-
mitted modifications to be made by simply unwrapping the appropriate
wires and installing the new wires. This is important since the
design of the interface was based on assumed characteristics and it
was expected that evaluation of the data would indicate the nature of
modifications to be incorporated.

Since the logic circuitry of the interface was constructed using
wire wrap techniques, the buffer circuitry, A/D convertors and
indicator drivers were also constructed using these techniques. Double
copper clad vector boards with .100 inch hole spacing were used. Wire
wrap sockets were used for the IC's and A/D convertors. Discrete
components were mounted using vector stand off pins. Cable connections
were made using a header pin assembly similar to the wire wrap boards.

~In the circuit diagrams to be presented next, the gates and logic
circuits are identified using the identification scheme provided on
the wire wrap boards. Two boards were used and are designated Board 1
and Board 2. As mentioned earlier each board had two IC socket groups.
These are designated on the boards as Group A and Group B. Within
each group the sockets are numbered from one to thirty. The pins for
each socket are individually numbered from one to sixteen. The
header pins for each group are identified as J1 and J2.

To identify a particular circuit connection, a six character
reference code is used. The first character is the board number. The
second character identifies the group. The next two characters
specify either the socket number or the jack designator. The Tast two
characters give the pin number. For example, a reference to 1A30-01
specifies board 1, group A, IC 30, pin 1.

On the circuit diagrams each gate or logic symbol has a circled
number near it. This is the IC socket number. Each line connected
to the symbol has a number near it which is the socket pin number. It
should be noted that since all the sockets have sixteen pins, IC pin
numbers 8 through 14 on fourteen pin IC packages correspond to socket
pin numbers 10 through 16. This correspondence has been incorporated
into the circuit diagrams so that any pin number reference is to the
pin number on the wire wrap board not the IC. The group and board
number for the circuit diagram are indicated as a note on each
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diagram. Should an IC be used which is located in another group,

the correct group letter is shown as a prefix to the IC number. Header
pin connections are also prefixed by the appropriate group letter.
Interconnections between boards are made only through the header pins.
The interconnections are listed in Appendix B. '

C. Circuit Module Description

Each circuit module of the digital interface will now be
described. The circuit diagram and a timing diagram, where applicable,
will be presented. A block diagram of the modules and control signals
is shown in Fig. 1. The operation of each module will be explained
using these diagrams. Unless otherwise specified the periods and
repetition rates shown on the timing diagrams have nominal values. In
these diagrams the relationship between the different signals is more
important than the actual timing. The exact timing values are given
in the text.

In each diagram the standard symbols are used for the logic
gates. For special functions the symbols shown in Fig. 2 are used.
A one shot multivibrator, SN74121 is shown in Fig. 2a. There are three
inputs, B, A1, and A2. The one shot fires on the positive edge (0 to 1
transition) of a signal at the B input when Al or A2 or both are
grounded. The one shot also fires on the negative edge (1 to 0
transition) of a signal at Al or A2 with B in the "1" state. These
are the only conditions under which the one shot will fire. The pulse
Jlength at the output Q and complemented output @, is determined by the
external resistor and capacitor.

A dual D flip flop with preset and clear, SN7474 is shown in
Fig. 2b. FEach flip flop contains a clocked D flip flop which transfers
the input to the output while the clock, C, is high. Each flip flop
also has a preset, P, and clear, C, input which overrides any input
being clocked in through the D input. Thus each flip flop has a
clocked D flip flop and an unclocked RS flip flop with a common out-
put. To describe the state of the output, the set or clear reference
is made with respect to the Q output.

Figure 2¢ shows a four bit binary counter, SN7493. This counter
contains two independent counters. The Ajn and A output form a divide
by 2 counter. The B;, and B,C,D outputs form a divide by 8 counter.
These two counters are both controlled by the reset inputs Rgy, Rp2.
The counters are enabled only when Rgy and Rgp are grounded.  Otherwise
both counters are reset to zero. The counters both increment on the
negative transition of the input. These are the commonly used IC's
used in the interface. Other special purpose IC's will be described
when they appear.
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C-1. Scan control module: The scan control module initiates
the operation of the other interface modules. The circuit diagram
is shown in Fig. 3 and the timing diagram in Fig. 4. Operation is
initiated when the minutes portion of the time ends in a three or an
eight. This choice was made because this particular clock output
is unambiguous. The value of the units digit in the time is decoded
by the SN7442 BCD to decimal convertor, 1A03. The positive edge of
the signal from 1A13-10 fires the one-shot 1A01. The output 1A0T-06
resets the scan counter 1A09 and the azimuth target flag, TRGT FLG RST.
The "1" from 1A03-10 enables the scan start signal, AZSTRT, to reset
the divide by eight counter 1A05 through 1A02-03. In this reset state
the scan counter TAO9 has a count of zero.

The first state of the scan control module is entered when the
antenna begins a scan after the reset has occurred. This is signaled
by AZSTRT at T1A02-01 and 1A02-04. The output from 1A02-03 increments
the scan counter 1A809. Thus, the B output is "1" and the C and D
outputs are "0". The output from TA07-12 is “1" so the output from
the divide by eight, 1A05-13, appears at 1A04-13. This signal has a
positive transition every 10 ms and is used to initiate the digitization
of the video return for one look angle. The 10 ms period permits
the antenna to scan slightly more than one beamwidth between digitizations.

The next AZSTRT pulse increments the scan counter 1A09 and the
B input goes to "1". After the first scan either or both the B and
C outputs are high. This is used to signal the rest of the interface
that these scans are data scans to be recorded. {Recall that the Ffirst
scan is used to determine whether a target is present anywhere in the
scan.) The succeeding scans are used for recording data. The com-
puter software requires five scans to record the radar return of a
complete scan. Thus, when six scans have been used, the digitization is
to be terminated. On the sixth scan the counter output is B=0, C=1,
D=1. Thus, the output from 1A02-13 is "1" and the output from 1A07-12
is "0". This shuts off the STARTCT output from 1A04-13 and the counter
input 1A02-06.

C-2. A/D control module: The A/D Control Module controls the
digitization and storage of the video return, the integration of the
return in range and azimuth and the initiation of the computer.
interrupt. The circuit diagram is shown in Fig. 5. This module has
three states which are determined by the outputs of the Range Bin Counter
Module. These states are represented by the signals 1CT, one range
bin digitized; 101CT, one hundred one range bins digitized and 134CT,
one hundred thirty four range bins digitized. Also obtained from the
Range Bin Counter are a RESET and RESET which are reset signals.




{6

Ain A
FIRE |
AJI-O30—-? Bin B
‘ERN C 5 @
3Rg, OM2 |4" ™\ I3 AOB-05
NOTE: -/ STARTCT
LOCATED ON
BOARD |
GROUP A
. ® @ N
12 13 13
o 2
2] _..EL{ @ 6 A, A
6 |
8, B
aJ1-0a &Z5TRT 4.3-2 ™ liod s
Roi Cl—+ ‘\m DATA SCAN
3 Ro. D24 14] ST aze—oz
CLOCK
MINS 5 ®
AJI—-05 0—— A
adl-060—Hp 3 i
1 —
avl—07o0—2¢ B 1 822-01
Adi-080—2p d TRGT FLR RST

Fig. 3.

10

Scan Control Module.



LL

1A13—10

IADI—06 |
IAOT—12 ] . L
azsTRT |1 1 fl 1 I I | |
1A02-03 | f] Nl I [l 1l
eore WL LT T T
START CT o 0 O O O I O
DATASCAN | | ] |

Fig. 4. Scan Control Timing.



ADCLK A/DSTRT
A2 12 AJ2-01
-

P.©,
. g s
'FSCLK"LTBM (0 @ g:; il 5,
2Rt 3 4 61 s JZ B[ 0
Roz 'l 5___} in

NOTE: LOCATED ON

BOARD | 2 1Rg) C
o,
Q
[]

GROUP A +2lRoz ©

&
|

B
Ay
Az

2T
®

RESET

o ] [ e

AD6-06 @

| SHIFTFMTR
AJ2 -2

®

CTIN

Ai5_16 5
134CT [ \6 ry &
AZ3-06 3 4 | 5 4
HoteT 223 ic 1Q —__/ 5) RGDTARDY
" al . By2-17
I
2 )3
. i
O [ jen w [
> m =2 R R
N = |——N-
@ : @
Qo 8 o] O
o > )
'!F
PNRAD RGSMRST STRAZSM TSTRGSM STRRGSM RGTRGT

BJ2-20 BGS-01° BIB-10 805143 Bl4-10Q BOS-1I

Fig. 5. A/D Control Module,

12



An eight bit, successive approximation A/D converter and a sampie
and hold are used for the digitization. The A/D converter determines
the value of each bit successively, beginning with the most significant
bit. One bit is determined every 500 ns, thus the three bit conversion
used here requires 1.5 ps. The sample and hold amplifier has a 10 ns
aperture time and a DC to 500 KHz bandwidth to the 3 dB point. The
amplifier settles within 0.1% of the final value in 1 usec or less.

The digitization process starts when a reset pulse is received
from the Range Bin Counter. This fires one shot 1A21 which resets the
A/D clock pulse counter, 1A29 and increments the Range Bin Counter.

An A/D convert signal, A/DSTRT is sent to the A/D convertor. The
complement reset pulse, RESET, presets the flip flop 1A30. The out-
put 1A30-05 gates the DATASCAN-TRGTFLG signal from 1A28-03 to 1A28-13.
This gate is used to control the memory shift command through 1A27.

After six clock pulses from the A/D convertor are counted by
1A29, the output at 1A27-13 goes high. This disables the input to
the counter through 1A27-06 and sends a shift command to 1A27-12. If
there is an azimuth target and if the scan being digitized is a data
scan, then 1A27-11 is high and the shift command is sent to 1A16-05.
The positive edge fires the one shot which generates the proper two phase
clock signal for the Shift Register Memory. The positive edge of the
shift command from 1A27-13 also fires one shot 1A17. This updates
the current range integration sum with the data from the present range
bin. The Range Bin Counter is incremented at the start of a range in
digitization so the 1CT signal is used to reset the Range Integrator
before the first range bin is added to the current sum.

To perform successive digitizations, the range bin timing counter,
1A10, must reach a count of six. The input to the counter is a
pulse train with a 1 us period so there is 6 us between range bin
digitizations. This counter and logic gate 1A27 determine the range
bin size. To change the range bin size it is only necessary to change
the circuitry for these two elements.

The digitization process continues to cycle until 100 range bins
have been digitized. Since the Range Bin Counter has the count of
the current range bin being digitized, a signal is generated for a
count of 101, 101CT. This clears the flop flop 1A30 which disables
the shift command from reaching the clock generator through 1A27. The
range target flag is also tested at this time by TSTRGSM.

On the one hundred-thirty fourth range bin, 134CT goes high.
This disables the one shot 1A21 through the Al,A2 inputs. If the
azimuth sum store one shot has been enabled by DATASCAN being a "0",
then the positive edge of 134CT causes the current sum in the Range
Integrator to be added to the current azimuth sum by STRAZSM. The
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combination of gates TA28-03, TA28-06 and 1A04-06 determine if there
is a range target, an azimuth target and if this is a data scan. If
so then the range data ready signal RGDTARDY goes high. This signals
the Interrupt Control that the digitized range bins are ready to be
sent to the computer.

The Togic descisions made in the A/D Control ModuTe are best
summarized by the equations below. Signals having no identifying
name are identified by the pin number where they appear.

1A27-10 = 1A27-13[101CT - (TRGTFLG - DATASCAN) ]
SHIFT = 1A27-10 + SHIFTBFFR

RGSMRST = 1CT

STRRGSM = 1A27-13

TSTRGSM = 101CT

A/DSTRT = RESET + 1A27-03

C-3. Interrupt Control Module

The Interrupt Control Module controls the transfer of data from
the interface to the parallel input buffer on the SDS 910 computer
using three levels of priority interrupt. As mentioned earlier, the
number of interrupts used could be reduced to one if necessary. The
changes needed will be described latey in this section. The circuit
diagram is shown in Fig. 6.

For the purposes of this section it will be more convenient to
refer to logic signals as being active or inactive. The reason for
this is that the buffers used to drive the cables to the computer
invert the signals. Secondly, some of the computer signals are in-
verted by the buffers which receive them. The actual voltage levels
of 0 and 5 volts are shown in the timing diagram in Fig. 7.

Operation of the interrupt control is initiated on the positive
edge of the RGDTARDY signal from the A/D Control Module. This fires
the one shot 2B23 which produces a 700 ns pulse. The positive edge
clocks 2B18-06, 2B19-06, 2B19-10 and 2B18-10 into an inactive state.
This assures that all interrupts are cleared and the paralled input
buffer (PIB) is signaled that the data is not ready. The state counter
2B30 is reset by the positive pulse. The inverted pulse from 2B23-0]
overrides the clocked data which activates the second priority
interrupt, INTERZ, and PIB ready signal, READY. The INTER? signafl
sets the data selector to the clock output so the PIB receives the
clock data when a parallel input (PIN) instruction is executed by the
computer. The Interrupt Control Module is now in state 0 as shown in
the state diagram, Fig. 8, and the timing diagram, Fig. 7.
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The computer program services the interrupt with a PIN instruction.
At the completion of this instruction the PIB sends an input complete
signal, DONE, to the interface. This fires the one shot 2B20 which has
a long enough duration to prevent noise on the DONE signal from re-
triggering the one shot. For controlling the module a second one shot
is used, 2B17 which produces a pulse 300 ns wide. This pulse inacti-
vates the interrupts and the READY signal. The state counter 2B30 is
incremented by the inverted output and the state one line 2B29-02 is
activated. This fires the one shot 2B21 which produces a 700 ns
pulse. The next interrupt, INTER3, is activated and the ready signal
becomes active. The INTER3 signal sets the data selector to the
azimuth and transmitted power data. To prepare the video data for
input on the next interrupt, one shot 2B16 is also fired which initiates
the operation of the Data Formatter Module with the LOADDTA signal.
The Data Formatter responds 6 us later with an operation complete signal,
DATAFMIR which attempts to activate the READY signal. Since READY is
already active this is ignored. Thus, the Interrupt control is in
state 1 as shown in Figs. 7 and 8.

The computer program acknowledges the interrupt with a PIN
instruction and a DONE signal is received upon completion of the
parallel input process. The interrupts and ready signals are inacti-
vated by the pulse from 2B17 and the state counter is incremented.

The state two 1ine becomes active and one shot, 2A28 is fired. The
Towest priority interrupt becomes active, INTERZ along with READY. The
data selector is set to the formatted video which was prepared earlier
and the interface waits in state 2.

When the computer responds with the execution of the PIN in-
struction and DONE signal, the interrupts and READY signal are inacti-
vated. A load data signal, LOADDTA is sent to the formatter. The
interface is now in state 3A. The READY signal becomes active when a
DATAFMTR signal is received. This moves the Interrupt Control to
state 3B.

Once the Interrupt Control enters state 3 further input to the
state counter is disabled at 2B11-06. A DONE signal from the computer
after the PIN causes another word of video data to be prepared by the
Data Formatter and a READY signal issued. Thus, the Interrupt Control
cycles between states 3A and 3B until a RGDTARDY signal is received
which initializes the operation. A total of 12 PIN instructions in
state 3 are required to read all the video data from the interface.

As mentioned earlier, it is possible to input all the data from
the interface using only one interrupt to signal the computer input
process. The interrupt outputs from the Interrupt Control are connected
to drivers. To use only one interrupt first remove the three connections
from the interrupt flip flop to the drivers. Next connect INTER? to the
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buffer for the interrupt level desired. When this interrupt is re-
ceived by the computer, fifteen consecutive PIN instructions will input
the clock, azimuth and video data. The data will arrive in the same
order as before. Fifteen PIN instructions are required.

C-4. Range Integrator and Azimuth Integrator Modules

The Range and Azimuth Integrators both use the same design. The
input for the Range Integrator comes from the video A/D convertor.
Eight bits from the Range Integrator are used by the Azimuth Integrator
as input. The two integrators are shown in Figs. 9 and 10.

The integrator circuit uses a ten bit parallel adder composed of
two 4 bit adder IC's and a 2 bit adder IC. The sum is fed back to one
of the adder inputs through a parallel access register. The data is
transferred only on the positive edge of a clock pulse. This prevents
the current sum from propagating through the adder again and destroying
the true sum. The registers also have a clear line so that the inte-
grator can be reset to zero.

The target flags for each integrator use a delay flip flop. When
the flag detector input at 1B21-01 in the Azimuth Integrator and
1B21-03 in the Range Integrator goes high the flag is set. The
range target flag detector input is connected to a test bit in the
Range Integrator sum. The azimuth flag detector input is connected
to the output of the ten bit magnitude comparator shown in Fig. 11.

For the range detector, seven bits of the range sum are brought out on
a 14 pin header plug located at 1B25. The detector input 1B25-05 is
connected to the appropriate bit on this header. The comparator input
appears at 1B26-02 to 1B26-06 and 1B26-10 to 1B26-14. A "1 appears

at 1B26-01 and a zero at 1B26-07. Thus, the threshold value can be

set on the header by the interconnections of 1B26-01 and 1B26-07 to the
computer inputs. Changes in the flag thresholds are easily made using
the headers.

In both integrators the test bit goes through an AND gate into
the preset input on the target flip flop. When the integrators are
reset both flip flops are reset. After the test bit goes high the
complementary output of the flip flop goes low and prevents any other
input from changing the flip flop. The Range Integrator has a second
flip flop connected as a delay flip flop. This flip flop is used to
clock the target flag to the output RGTRGT on the range bin count of
101. This prevents a target which is outside the fifty mile range
from setting the flag.
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The signals which control each integrator are:

Range Integrator
RGSMRST = Resets range integrator and target flag

STRRGSM = Stores current sum in parallel access register
TSTRGSM = Clocks target flag to target flag output
RGTRGT = Range target flag output

Azimuth Integrator

AZSMRST = Resets azimuth integrator and target flag
STRAZSM = Stores current sum in parallel access register
TRGTRST = Resets target flag

TRGTFLG = Azimuth target flag output

They are shown in the circuit diagrams, Figs. 9 and 10.

C-5. Data Formatter Module

For efficient data transfer between the computer interface and
the 3 bit video data words are packed into 24 bit words for computer
input. The circuit diagram is shown in Fig. 12 and the timing diagram
in Fig. 13. The key to the formatter operation is the fact that the
data from the shift register memory appears at the high to low trans-
ition of the phase two clock pulse, ¢2. This is shown in the timing
diagram with a dashed line.

Operation is initiated when the LOADDTA signal resets the clock
pulse counter, 2B814. The clock input to latch 2B05 goes high since
the count is zero. The latch receives the current output from the
shift register. The next pulse from the 1 us CLK increments the
counter and sends a shift command to the shift register, SHIFTFMTR,
through the A/D Control Module. The timing diagram shows that the
data appears at the shift register output approximately 700 ns after
the clock pulse. This insures that data is not loaded into the wrong
latch.

Successive clock pulses continue the process until a count of
eight is reached. On the eighth pulse the data in the formatter is
ready and the ready signal, DATAFMTR, goes low when flip flop 2B-12
is reset by the 8 output from 2B15-10. The shift register is shifted
on the eighth pulse to ready the first video data word for the next
formatting cycle. The ninth clock pulse disables the counter input
through 2B13-02. A shift pulse is not sent since the counter in-
crements on the negative pulse transition. So, by the time the shift
command is enabled at 2B13-04, the input 2B13-03 is low.
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C-6. Range Bin Counter Module

The Range Bin Counter Module is used to indicate the range bin
currently being processed by the A/D Control Module. The circuit
shown in Fig. 14 uses three 4 bit binary counters in a binary coded
decimal counter configuration. Counter 1A15 is the unit's digit,
1A14 is the ten's digit and 1A12 is the hundred's digit. The one
shot 1A06 is used to reset the counters and the A/D Control Module
as described earlier. The desired counts 1CT, 101CT and 134CT described
earlier are detected by gates 1A18, 1A19, 1A20, 1A23, and 1A24., The
detection is best explained by the logic equations below.

(1) 1C7T = [ (HA+HB)- (HC+HD) 1-[ (TA+TB)-(TC+TDY I+ (UB+UC+UDY-UA
(2) 101CT = HA-[ (TA+TB)-(TC+TD} - (UB+UC+UDY-UA
(3) 134CT = HA-TB-TA-UC

The H, T and U prefixes denote the hundred's digit, ten's digit and unit's
digit respectively. The A, B, C and D suffixes denote the counter out-
puts. It is recognized that for the 134CT there is an ambiguity if

the counter increments past 134. However, the signal 134CT disables

the counter input signal in the A/D Control Module so this cannot occur.

C-7. Data Selector Module

The Data Selector multiplexes four channels of data into the
24 drivers for the Parallel Input Buffer. Only three channels are
used currently as shown in the circuit diagram in Fig. 15. The channel
assignments are shown below and the data inputs are shown in Table III.
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TABLE IT1
DATA SELECTOR CHANNEL ASSIGNMENTS

Channel 0 Video data from data formatter
Data Selector Data Source Description
AQ5-06 BO5-16 Word 1T bit 1
A05-10 B0O5-15 bit 2
AO4-06 BO5-10 bit 3
A04-10 BO4-16 Word 2 bit 1
A03-06 BO4-15 bit 2
AO3-10 B04-10 hit 3
A10-06 B02-16 Word 3 bit 1
A10-10 BOZ2-15 bit 2
AD9-06 B02-10 _ bit 3
A09-10 BO1-16 Word 4 bit 1
A08-06 BO1-15 bit 2
A08B-10 BO1-10 bit 3
A15-06 B10-16 Word 5 bit 1
A15-10 B10-15 bit 2
Al14-06 B10-10 bit 3
A14-10 ‘ B09-16 Word 6 bit 1
A13-06 B09-15 bit 2
A13-10 B09-10 bit 3
A20-06 BO7-16 Word 7 bit 1
A20-10 BO7-15 bit 2
A19-06 BO7-10 bit 3
A19-10 BO6-16 Word 8 bit 1
A18-06 B06-15 bit 2
A18-10 BO6-10 ; bit 3
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TABLE III (Contd)

Channel 1 Clock day-time code

Data Selector Data Source Description

AD5-05 Ad1-25 Clock hundred days 2's bit
AD5-11 =24 1's bit
AD4-05 -23 Clock ten days -8's bit
A04-11 =22 4's bit
AQ3-05 -21 2's bit
AD3-11 -20 1's bit
A10-05 , -19 Clock unit days 8's bit
A10-11 -18 4's bit
AQ9-05 -17 2's bit
AQ9-1N -16 1's bit
AD8-05 -15 Clock ten hours 2's bit
AQ8-11 -14 1's bit
A15-05 -11 Clock unit hours 8's bit
A15-11 -10 4's bit
A14-05 -09 2's bit
Al4-11 -08 1's bit
A13-05 -07 Clock ten minutes 4's bit
A13-11 -06 2's bit
A20-05 -05 " 1's bit
A20-11 -04 Clock wnit minutes 8's bit
A19-05 -03 4's bit
A19-11 -02 2's bit
A18-05 -01 1's bit
A18-11 -GND
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TABLE IIT {Contd)

Channel 2 Azimuth and power monitor

Data Selector Data Source Description

A05-04 A22-11 Azimuth angle 256's bit
A05-12 A23-13 128's bit
A04-04 -10 64's bit
A04-12 -11 32's bit
A03-04 -14 16's bit
A03-12 A24-13 8's bit
A10-04 -10 4's bit
A10-12 -1 2's bit
A09-04 -14 1's bit
A09-12 GND
A08-04 GND
A08-12 A25-01 Power A/D
' most significant bit bit 1
A15-04 -02 bit 2
Al15-12 A -03 bit 3
- A14-04 -04 bit 4
Al4-12 -05 bit 5
A13-04 -15 bit 6
A13-12 -14 bit 7
A20-04 -13 least significant bit bit 8
A20-12 GND
A19-04 GND
A19-12 GND
A18-04 GND

Al18-12 GND

CHANNEL O Formatted video data

CHANNEL 1 Clock output code

CHANNEL 2 Azimuth angle and power monitor
CHANNEL 3 Not used
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The channel selection is determined by the interrupt signals, INTER2
and INTER3. The channel select lines, A and B, receive a two bit
control word as given below.

(4) CHANNEL 0 A = INTERZ = O
B = INTER3 =0
(5) CHANNEL 1 A = INTER3 = ]
B = INTERZ = 0
(6) CHANNEL 2 A = INTER3 =0
B = INTERZ = 1

Recall that INTER3 is the interrupt for azimuth angle and transmitted
power data and INTERZ is the interrupt for clock data. The OR gate
2A21 is used as a selector line driver and to provide a means for
selecting Channel 3 if required in the future. The select signal for
Channel 3 should be connected to 2A21-02 and 2A21-04 after the grounds
have been removed. The invertors connected to each data selector are
drivers for the parallel input buffer.

C-8. Interrupt Buffer Module

Since the SDS 910 uses diode transitor logic, the output Tevels
of the interface, 0 to 5 volts must be changed to 0 to 8 volts. This
is done by open collector hex invertors. To receive the DONE signal
from the parallel input buffer a zener diode is used on the input of
an invertor. These circuits are shown in Fig. 16a.

C-9. Shift Register Memory

Two dual 100 bit MOS static shift registers are used to store
the 3 bits of video data for each of the one hundred range bins. The
circuit diagram is shown in Fig. 16b. The shift registers require two
non-overlapping clock pulses, ¢7, ¢2, whose voltage levels are -12 to
+5 volts. The discrete component circuitry at 1B22 and 1B23 is used
to transform the 0 to 5 volt clock pulse to +5 to -12 volts. The
circuitry is shown in Fig. 17.

The operation of the shift register is straightforward. To store
data statically, ¢ is held high (+5 volts) and ¢ is held Tow
(-12 volts). Data is loaded into the register when ¢1 is low and the
register is shifted on the Tow to high transition of $7 and the high
to low transition of ¢5. The output data appears on the high-Tow
transition of . The clock phases must be non-overlapping which means
that ¢7 and ¢2 cannot be below 3 volts simultaneously.
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Fig. 17. Shift register clock drivers.

This condition is easily met in the drivers used in this circuit.
In the static condition ¢7 is high which means that T1 is on and ¢2 is
low so that Tp is off. When a shift pulse is received & and %2 both
change state which means that Ty and Ty switch to opposite states. In
the circuit used, the turn off time of the drive transistor is slower
than the turn-on time due to the stored base charge. This protects the
non-overlapping clock pulses. The actual pulse shapes of ¢1 and ¢ are
shown in Fig. 18. The cross over point is seen to be +4 volts which is

safe.
' "’I 00 nF:,‘_ ¢2

Fig. 18. Shift register clock waveforms.
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C-10. 1 us Clock Buffer Module

The T us clock used in the interface was not directly compatible
with TTL logic levels. An amplifier-buffer is used to produce a TTL

level pulse and a one shot is used to form a narrow pulse train. The
circuit is shown in Fig. 19.

+5

. 0.0l uf
fus sine . o

O 10
BJ2-26 5

2N 4124

NOTE ! LOCATED ON

BOARD 2 7
GROUP A G
5 lps CLK
p : alE o
! - g8J1—09
3 ae 8
G ||2 i3 ul
TPt ok

Fig. 19. 1 us clock buffer.

C-11. Radar Fire Buffer Module

The detected radar pulse from the power monitor was not of
sufficient level to drive TTL logic IC's. A small amplifier is used

and shown in Fig, 20. A pair of one shots are used to delay the
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output pulse to account for propagation delay. This delay can also
be used to suppress ground clutter since the digitization starts
when a FIRE pulse is received by the Scan Control Module.

C-12. ‘Azimuth Angle Counter and Azimuth
Angle Buffer Modules

The azimuth angle of the radar antenna is determined by counting
the zero crossings of the two phase generator attached to the antenna.
The Azimuth Angle Buffer shifts the voltage level of the heading line
marker and produces a pulse train from the two phase zero crossings.
The circuit diagram is shown in Fig. 21. The Azimuth Angle Counter
Module is a binary counter which counts the input pulses as seen in

Fig. 22. The one shots 2A30 and 2A28 are used to form the reset pulse,
AZRST.

C-13. Display Drivers

The visual displays used in the interface are light emitting
diodes (LED). These LED's are driven by open collector buffers and
invertors as shown in Figs. 23, 24 and 25. The signals displayed are
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Fig. 24. LED driver 2.
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Azimuth Integrator Sum (10 bits)
Range Integrator Sum {10 bits)
Azimuth Target Flag

Range Target Flag

Video A/D Output (8 bits)
Power A/D Output (8 bits)
Interrupts (4)

Done Signal
Ready Signal.
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This concludes the circuit diagrams for the low resglution radar
digital interface. Proposed modifications to this interface will be
discussed in Appendix A. The software for the data acquisition will
now be discussed.

IIT. LOW RESOLUTION SOFTWARE

A. Introduction

In this section the programs written to acquire and process the
data from the low resolution radar interface are discussed. The data
acquisition program written for the SDS 910 is written in SDS 9107920
Assembler. Since a working knowledge of the SDS 910 instruction set is
required to fully understand the program, a flow chart will be used to
describe its operation. A listing of the program and a detailed flow
chart are presented in Appendix C. To process the recorded data, a
Fortran IV subroutine was written for the Datacraft 6024 computer.
This subroutine converts the recorded data into a form suitable for
processing. Its operation will also be described in this section and
the tistings presented in Appendix C. -

B. SDS 910 Data Acquisition Program

The format of the output data words from the digital interface
is determined by the connections made to the data selector. The for-
mat of the three data words is shown below.

Clock Word

02 6 1012 16 19 23
[XX]YYYY|ZZZZ[AA[BBBB]CCCIDDDD e |

Azimuth-Power Word

0 9 11 19
[ARAARRRRA 00 [PPPPPPPP 0000

Video Data Word

0 3 6 9 12 15 18 21
[T11222]33314441555 666 777] 888 |
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where

XX = BCD hundreds of days digit

YYYY = BCD tens of days digit

Z777 = BCD units of days digit

AR = BCD tens of hours digit

BBBB = BCD units of hours digit

CCC = BCD tens of minutes digit

DOBD = BCD units of minutes digit

AAAARAAA = binary value of azimuth angle of antenna
PPPPPPPP = modified two's complement binary value of

transmitted power
111,222,---888 = binary value of video return, 3 bits
per range bin

A flow chart for the data acquisition program is shown in Fig. 26,
Due to core limitations it is necessary to record several segments of
the antenna sweep to get a complete scan on tape. For this reason, the
program has two modes. The first, shown in the upper loop, is the data
mode. In this mode the program is waiting for the antenna to sweep
past the point where the last recorded segment ended. The second mode,
shown in the Tower loop, is the wait mode. The program enters this
mode after a segment has been recorded and is waiting for the antenna
to finish its current sweep. The program mode is changed by modifying
the instruction which is executed when the priority 3 interrupt is
received.

In both of these modes, the program keeps track of the current
azimuth angle, AZANGL, and checks it against the last azimuth angle of
the previous recorded segment, LASTAZ. The data mode is entered when
AZANGL is less than LASTAZ, Data is actually recorded when AZANGL is
greater than LASTAZ. This noted by the data flag, FLAG.

Currently, the program writes fifty-seven look angles per record.
This results in a record length of 3420 characters. To record a complete
scan, five segments are required. If the record 1ength is changed, the
program must be changed and the Scan Control Module in the 1nterface
must be modified.

C. Fortran IV Routines for Data Processing

After a seven track data tape has been written and converted to
nine track, the recorded data must be prepared for processing. As seen
earlier the data has been compressed for more efficient storage. Three
subroutines were written for the Datacraft 6024 to perform this task.
Listings are presented in Appendix C.
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DATA MODE

WAIT MODE

{ INITIALIZE TaPE]

/

INITIALIZE VARIABLESI

T bt

PRIORITY 3

INTERRUPT\
gl

| Pin azanoL |

T g

WAIT LOOP

PRIOCRITY
2 INTERRUPT

PIN CLOCK I

Y

IOR
~~ INTERRUPT

WRITE TAPE

FLAG = —|

w;»o

N

( PATH NOT LIKELY )

PRIORITY 3

INTERRUPT >

PIN AZANGL

3

I WAIT LOOP |\ &~ INTERRUPT

$ PRIORITY 2
INTERRUPT

PIN CLOCK

PRIORITY 4

¥ N

PIN 1 WORD

I

Fig. 26. SDS 910 data acquisition program -
simplified flow chart.
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The first subroutine DECODE, is called as shown below.
CALL DECODE (IBUF, DAYTIME, ANGLE, RETURN, POWER, ILENTH)

This subroutine uses raw data from the data tape and decodes it into
four arrays which give the date, time, azimuth angle, average power and
video return for each Took angle. The integer variables are DAYTIME,
ANGLE, RETURN and POWER, respectively. The raw data is passed to the
subroutine in the integer array, IBUF, the length of which is specified
by the integer variable, ILENTH.

There are two possible lengths for IBUF. If the raw data is
from a nine track tape which has been generated from a seven track
tape, the record length will be 1140 of the Datacraft computer's 24
bit word. When the execution of the subroutine is complete, IBUF
has been compressed from three characters per 24 bit word to four
characters per 24 bit word. This reduces the record length to 855 words.
It is suggested for more efficient operation that the nine track tape
be recopied to another nine track tape with the 855 word record length.
To decode these tapes ILENTH is set to 855.

The outputs from the subroutine are all integer arrays. The
DAYTIME array is a linear array 57 elements long. Each element is
the Julian date multiplied by 104 and the GMT time added together
for each Took angle. Thus the number 236 1358 is day 236 at 1358 GMT.
The ANGLE array is also a linear array, 57 elements long, which con-
tains the integer azimuth angle in degrees.for each look angle of the
video return. The integer array RETURN is a two dimensional array
57 rows by 100 columns. There is a one to one correspondence to each
row in RETURN and each element in DAYTIME, ANGLE and POWER. The
number in each element of RETURN is the binary output from the A/D
convertor for each range bin. A maximum return of 7 represents 4.375
volts or more. Returns of 4, 2 and 1 represent 2.500, 1.250 and .625
volts respectively. The final output array, POWER, is a measure of
the average transmitted power. The power monitor used has an output
of 0 to -5 volts. The number in each element of POWER is the absolute
value of this voltage in hundreths of a volt. A calibration scale
between the output voltage from the power monitor and the actual trans-
mittal power has not been prepared yet. However, the linearity of the
power monitor output voltage has been checked to a 6 dB power reduction.
That is, a one-fourth power attenuation caused the full power output
voltage to drop by one-fourth.

The DECODE subroutine calls two other special purpose subroutines,
The first of these is SHFT. This subroutine unpacks the eight 3 bit
video return words from a s1ng]e 24 bit word. Each video return word
is stored, right justified, in a full 24 bit word. The unpacked video
word is a conventional integer number.
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The second subroutine is called PACK, which removes the two blank
bits added to each tape character in the seven to nine track con-
version. This is done so that the data processed by DECODE corresponds
divectly to data as it appeared in the SDS 910. Also by removing the
blanks the required storage is reduced from 1140 words to 855 words,

This concludes the documentation of the low resolution digital
interface system. As explained earlier this report is intended to be
a working document and will be changed as the system is updated. The
following appendices detail proposed changes, fabrication details and
computer program listings. :
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APPENDIX A
INTEGRATION CONTROL

Figures A-1, A-2 and A-3 show the additional circuitry and the
modifications required to incorporate a 32 pulse integration capability,
with a 5 ms spacing between pulses.

Nl ja,. A
STARTCTo—u ./ __B'I"B
I ——Do——-cwc-r

o

t+Roz2 ° '

SN7493 Zﬁs

8 ' © 32PCT

—1Ro1
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SNT7493

D':);JNE ° Ain A

9

]
pr 5 B 7
[= =)
Qe
o
—_—e
b

(o]

RGDTARDY o—-Y SN7493 1
RESET © 100 of

I0K

Fig. A-1. Integration control module.
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Fig. A-2. Pulse integrator module.
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Remove wire from T1B05-11, RGTRGT to TA04-05,
Connect 1A04-05 to an I/0 header, now labelled 32 PCT.
Connect 2B17-06 to an I/0 header, now labelled PINDONE.

Reconnect cable wire to TAJ2-02 to V1 on Pulse Integrator.
Reconnect cable wire to 1AJ2-03 to V2 on Pulse Integrator.
Reconnect cable wire to 1AJ2-04 to V3 on Pulse Integrator.

Remove cable wires to BJ1-04, BJ1-03, BJ1-02.

Connect IV3 to BJ1-04, IV2 to BJ1-03, IV1 to BJ1-02.

Connect A06-05 to STARTCT on Integrator Control.

Connect IBJ2-17, RGDTARDY to RGDTARDY on Integrator Control.

Move shift register clock drivers to Pulse Integrator board
and reconnect clock signals §] and 2.

10. Remove wire from 1A04-15 to TA05-13 and reconnect to 1A05-10.

K- R N -

OO0 o~ O T

Fig. A-3. Wiring changes needed to install
Pulse Integrator.

The Integration Control Module generates the signals which
control the integration. The integrator is reset on a zero pulse
count. Each STARTCT signal increments the two counters until a count
of 32 is reached. At this point, the counter input is disabled and
the 32 PCT signal allows the RGDTARDY signal in the A/D Control Module
to go high through 1A04-05. The bottom counter in Fig. A-1 counts the
number of times the computer reads data from the interface signaled
by PINDONE from the Interrupt Control Module. After fifteen parallel
input operations, the pulse counters are reset and the next look angle
is digitized.

The Pulse Integrator Module uses an 800 bit shift register memory
to perform the digital integration. The partial sum for each range bin
is stored segmentally in the shift register and recirculated through
the adder for each radar pulse. Since the number of pulses integrated
is an integer power of two, the average is obtained by looking at only
the three highest order bits.

These modifications are based on the assumption that the sweep
rate of the antenna has been slowed down so that the look angie change
during the integration period is small. This will require the Azimuth
Angle Counter and the Azimuth Angle Buffer Modules to be modified.
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APPENDIX B
CABLE CONNECTIONS

This appendix contains fabrication details of the low resolution
radar digital interface. The IC type numbers and their locations are
also shown here. Tables showing the cable interconnections are pre-
sented along with a 1ist of abbreviations. The power supply wire color
codes are also presented.

TABLE B-1

A/D BOARD CABLES
FROM 10 LABEL FROM T0 LABEL
A/D BOARD
J1-01  2B25-01 BIMSB PWR J2-01  LEDJ1-14  POWER A/D
J1-02  2B25-02 B2 PWR J2-02  LEDJ1-15  POWER A/D
J1-03  2B25-03 B3 PWR J2-03  LEDJ1-16  POWER A/D
Ji-04 2B25-04 B4 PWR J2-04  LEDJ1-17  POWER A/D
J1-05  2B25-05 B5 PWR J2-05 LEDJ1-18 POWER A/D
J1-06  2B25-15 B6 PWR J2-06  LEDJ1-19  POWER A/D
J1-07  2B25-14  B7 PWR J2-07  LEDJ1-20  POWER A/D
J1-08  2B25-13  BBLSBPWR J2-08  LEDJ1-21  POWER A/D
J1-09  2B25-06  PWRADSTRT J2-09
J1-10 Jz2-10
J1-11 J2-11
J1-12 Jz2-12
J1-13  2B25-07 GND J2-13 GND
J1-14 1AJ2-02  BIMSBVIDEO Jz2-14  LEDJ1-01  VIDEQ A/D
J1-15  1AJ2-03 B2 VIDEO J2-15  LEDJ1-02  VIDEQ A/D
J1-16  1AJ2-04 B3 VIDEO J2-16  LEDJT1-03  VIDEO A/D
J1-17 B4 VIDEQ J2-17  LEDJ1-04  VIDED A/D
J1-18 BS VIDEQ J2-18  LEDJ1-05  VIDEQ A/D
Ji-19 B6 VIDEQ J2-19  LEDJ1-06  VIDEOD A/D
J1-20 : B7 VIDEO J2-20  LEDJ1-07 VIDEQ A/D
J1-21 B8 VIDEQ J2-21  LEDJ1-08 VIDEQ A/D’
J1-22  1AJ2-01  ADSTRT J2-22
J1-23  1AJ2-12  ADCLCK J2-23
J1-24 J2-24
J1-25 J2-25
J1-26 GND J2-26 GND
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FROM

1AJ1-01
1AJ1-02
1AJ1-03
1AJ1-04
1AJ1-05
1AJ1-06
1Ad41-07
1AJ1-08

FROM

1BJ1-01
1BJ1-02
1BJ1-03
18J1-04
1BJ1-05
1BJ1-06
1BJ1-07
18J1-08
1B8J1-09
1BJ1-10
1BJ1-11
1BJ1-12
1BJ1-13

18J1-14
1BJ1-15
1BJ1-16
18J1-17
1BJ1-18
1BJ1-19
1BJ1-20
1BJ1-21
1BJ1-22
1BJ1-23
1BJ1-24
1BJT-25
1BJ1-26

CABLES FOR BOARD 1 GROUP A

T0 LABEL FROM
B2J1-09 1 us CLK 1AJ2-01
CLP-24 1 ms CLK 1A32-02
RI FIRE 1AJ2-03
RI AZRESET 1AJ2-04
CLP-01  CLKUMBI 1AJ2-05
CLP-02  CLKUMB2 1AJ2-06
CLP-03  CLKUMB4 1AJ2-07
(LP-04  CLKUMBS 1AJ2-08

1AJ2-09
1AJ2-10
1AJ2-11
1AJ2-12
TABLE B-3
CABLES FOR BOARD 1 GROUP B

T0 LABEL | FROM
LEDJ2-01 AZ INTEG 18J2-01
LEDJ2-02 AZ INTEG 1BJ2-02
LEDJ2-03 AZ INTEG 1BJ2-03
LEDJ2-04 AZ INTEG 1BJ2-04

LEDJ2-05 AZ INTEG 1BJ2-05
LEDJ2-06 AZ INTEG 18J2-06
LEDJ2-07 AZ INTEG 18J2-07
LEDJ2-08 AZ INTEG 1BJ2-08
LEDJ2-09 AZ INTEG 18J2-09
LEDJ2-10 AZ INTEG 18J2-10
LEDJ2-11 RGTRGT 18J2-11
LEDJ2-12 TRGTFLG 1BJ2-12
LEDJ2-13 GND 1BJ2-13
LEDJ2-14 RG INTEG 18J2-14
LEDJ2-15 RG INTEG 1BJ2-15
LEDJ2-16 RG INTEG 1BJ2-16
LEDJ2-17 RG INTEG 18J2-17
LEDJ2-18 RG INTEG 1BJ2-18
LEDJ2-19 RG INTEG 1BJ2-19
LEDJ2-20 RG INTEG 18J2-20
LEDJ2-21 RG INTEG 1BJ2-21
LEDJ2-22 RG INTEG 1BJ2-22
LEDJ2-23 RG INTEG 1BJ2-23

1BJ2-24
1BJ2-25

LEDJ2-26 GND 1BJ2-26

TABLE B-2
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ADJ1-22
AbJ1-14
ABIT-15
ADJ1-16

ADJ1-23

TO

REAR PANEL

28J1-02
2BJ1-03
2BJ1-04
2BJ1-05
2BJ1-01

28J1-10
2BJ1-06

. LABEL

ADSTRT
VBl
VB2
VB3

ADCLK

LABEL

-12 VOLTS
GND

DB1MSB
DB2

DB3
RGDTARDY
RGTRGT
RGTRGT
PWRAD
SHFTFMTR



FROM

2AJ1-01
2AJ1-02
2AJ1-03
2AJ1-04
2AJ1-05
2AJ1-06
2AJ1-07
2AJ1-08
2AJ1-09
2AJ1-10
2AJ1-11
2AJ1-12
2AJ1-13

2AJ1-14
2AJ1-15
2AJ1-16
2AJT-17
2AJ1-18
2AJT1-19
2AJ1-20
2Ad1-21
2AJ1-22
2Ad1-23
2AJ1-24
2AJ1-25
2AJ1-26

T0

CLP-01
CLP-02
CLP-03
CLP-04
CLP-05
CLP-06
CLP-07

CLP-08
CLP-09
CLP-10

CLP-11

CLP-12
CLP-13
CLP-14
CLP-15
CLP-16
CLP-17
CLP-18
CLP-19
CLP-20
CLP-21
CLp-22
CLP-23

TABLE B-4
CABLES FOR BOARD 2

LABEL

CLKUM1
CLKUMZ
CLKUM4
CLKUMB
CLKTM1
CLKTMZ
CLKTM4

CLKUH1
CLKUHZ
CLKUH4
CLKUH8
GND

CLKTHI
CLKTH2
CLKUD?
CLKuD2
CLKUD4
CLKUDS
CLKTD1
CLKTDZ2
CLKTD4
CLKTD8
CLKHDI1
CLKHD2
GND

i
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GROUP A

FROM:

2Ad2-01
2AJ2-02
2AJ2-03
2AJ2-04
2AJ2-05
2AJ2-06
2Ad2-07
2AJ2-08
2AJ2-09
2AJ2-10
2AJ2-11
2AJ2-12
2AJ2-13

2AJ2-14
2AJ2-15
2AJ2-16
2AJ2-17
2AJ2-18
2AJ2-19
2AJ2-20
2AJ2-21
2Ad2-22
2AJ2-23
2AJ2-24
2AJ2-25
2AJ2-26

10

CP-01
CP-02
CP-03
Cp-04
CP-05
CP-06
CP-07
CP-08
CP-09
CP-10
CP-11
cp-12

CP-13
CP-14
CP-15
CP-16
CP-17
CP-18
CP-19
Cp-20
cp-21
cp-22
CP-23
Cp-24
CP-36

PIN
PIN
PIN
PIN
PIN
PIN
PIN
PIN
PIN
PIN
PIN
PIN
GND

PIN
PIN
PIN

- PIN

PIN
PIN
PIN
PIN
PIN
PIN
PIN
PIN
GND

LABEL

BOMSB
Bl
B2
B3
B4
B5

B7
B8
B9
B10
B11

B12
B13
B14
B15
B16
817
B18
B19
B20
B21
B22
B23



TABLE B-5
CABLES FOR BOARD 2 GROUP B

FROM TO LABEL FROM T0 LABEL
2BJ1-01 1BJ2-19  RGTRGT 2BJ2-01  CP-32 DONE
2BJ1-02 1BJ2-14  DBIMSB 2BJ2-0Z2 CP-34 READY
2BJ1-03 1BJ2-15 DB2 2BJ2-03  IP-01 INTER1
2BJ1-04 1BJ2-16  DB3 2BJz2-04  IP-02 INTERZ
2BJ1-05 1BJ2-17  RGDTARDY 2BJ2-05  IP-03 INTER3
2BJ1-06 SHIFTFMTR 2BJ2-06  IP-04 INTER4
2BJ1-07 KH BUFFER AZIN 2BJ2-07
2BJ1-08 1AJ1-04  AZRESET 2BJ2-08
2BJ1-09 TAJT-01  TuSCLK 2BJ2-09
2BJ1-10 1BJ2-20 PWRAD 2BJ2-10
2BJ1-11 KH BUFFER AZRESET 2BJ2-11
2BJ1-12 2BJ2-12  IP-12 +8
2BJ1-13 GND 2BJ2-13  IP-14 GND
2BJ1-14 FP-5] HALT 2BJZ2-14
2BJ1-15 FP-S2 RESET INTER 2BJ2-15
2BJ1-16 LEDJ1-10 DONE 2BJ2-16
2BJ1-17 LEDJ1-11 READY 2BJ2-17
2BJ1-18 LEDJ1-12 INTER] 2BJ2-18
2BJ1-19 LEDJ1-13 INTERZ 2BJ2-19
2BJ1-20 LEDJ1-14 INTER3 2BJ2-20
28J1-21 LEDJ1-15 [INTER4 2BJZ2-21
2BJ1-22 2BJ2-22
2BJ1-23 2BJ2-23
2BJ1-24 2BJ2-24
2BJ1-25 2BJ2-25
2BJ1-26 2BJ2-26  REAR PANEL TuS SINE

TABLE B-6

POWER SUPPLY WIRING COLOR CODES

COLGOR VOLTAGE CURRENT CAPABILITIES

White 115v AC
Black 115v AC

Green Ground

Red +5v DC g A
Gray +12v DC 400 mA
Blue -12v DC 400 mA
Brown +15y DC 100 mA
Orange -15v DC 100 mA
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APPENDIX €

DATA ACQUISITION PROGRAM

The Tisting for the SDS 910 data acquisition program and a
detailed flow chart are presented in this appendix. Also presented
are listings for the Fortran IV data processing subroutines.

.
o LB RESOLUTION RADAR DATA ACQUISITION PROGRAM

« RECOGRDS DATA BN HAG TAPE UNIT }

@ %7 LOoK AMGLES PER RECORD o555 WeRDS PER RECORD
« YERS§@N. 2~0 16 JANUARY 1973

L]

L]

L]

SET UP INTERRUPT LOCATIGHN IRSTRUCTIONS

Qo031 BRG 31
0031 0 43 Q0100 BRM END

0033 ORG 33
0033 0O 43 Q0100 . BRAH END

0100 BRG 100

0100 0 00 D0J00 END PIE
.

02Q0 ORG 200

» PRIGRITY [NTERRUPT LOCATIONS

0200 © 42 00316 BRMN ABORT
0201 0O 43 DO3I35 BRM cLOCK
0202 O 43 00341 5202 BRN Azl

azp3 0 43 00405 BRM DATAIN

-
* START 8F ACOUISTION PROGRAM
« PREPARE DATA TAPE LEADER

0204 0 00 Codoo START  HLT

0205 © 40 2D400 BPT 1
0206 © 01 DC205 BRU w=q
0207 0 40 12011 BTy 1
0z10 0 Nl 00212 8RU oz
0211 0 01 DO224 8RrU $20
0212 O 43 DO425 BRM READY
0213 O 42 14011 £PY 1
0214 0 01 00213 BRU *=]
Q215 0 02 03671 ETF 1.4
0216 0 71 0o44l LDx ND200
0217 © 12 DD461L niu ZERS
0220 O 41 00217 BRYX sy
0221 0 02 14000 -1

0222 Q 45 30003 521 CLR

0223 0 15 00456 574 NREC
0224 0 43 0027} 520 BRM INDT

* INTERRUPT WAIT LOAP

0225 ¢ 02 20002 WAIT EIR

Qz26 0 43 204DO BPT 1

0227 0O 01 po2dy 8RU o2
0230 0 01 o226 8RU s
0231 0 02 20004 oir

0232 0 01 ©a317 BRU ABORT»1
L4

* WRITE NATA BN TYAPE

-

0233 0 02 20004 N20 DIR

0234 O 43 op425 BRM READY
0235 0 7i 00443 Lox NDESS
0236 0 02 0365 wia 1s4
0237 2 12 p221i niv 1BBUFF+855,2

END OF WORD INTERRUPY

END OF RECORD INTERRUPT

ABORY INTERRUPT
CLBCK - INTERRUPT
AZIWMUTH INTERRUPT
VIDE® DATA INTERRUPT

TEST BREAKPOINTY

IF SET GO BACR AND WAIT
TEST FOR TAPE AT LOAD PRINT
YES. CONTINUE

N, URITE LEADER

TEST FGR TAPE READY

TEST FOR FILE PROTECT RING
FILE PROTECTED 50 WALT
ERASE TAPE FORWARD

LOAN CAUNT T ERASE 4 INCHES
URITE 4 ZER®

CBNMTINUE LBBaP

NUMBER ®F RECBRDS SET T8 ZERE
INITIALLZE VARIABLES

ENABLE INTFRRUPTS

TEST BREAKPOINT | FOR AN ABORT
BRANCH TO ABBRT CALL :
BREAKPDINT NGT SET S0 [OLE
DISABLE LNTERRUPTS

BRANCH T8 ABBRT ROUTINE

DISABLE INTERRUPTS

TEST TAPE READY

LOAD WORD COUNT

TAPE UNIT 1. WRITE BINARY MBOE

Fig. C-1. SDS 910 data acquisition program.
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0240 © 41 00237 BRX ae]

0241 O 02 14000 TOP TERMINATE QUTPUT

-

+« RESET VARIABLES FOR NEXT RECORD

- o 0

G2az 0 76 02173 LDA 108UFF+841 GET LAST AZTMUTH ANGLE

0243 0 6o DCOL7 N RSH 15 ALIGH F&R CONVERSIH#N T4 NUMBER
0z44 0 35 DO447 5Ta LASTAZ SAVE FAR MASKING OPERATION
D45 0 7% 00436 Loa L1 LOAD MASK

D246 O 14 00447 E1r LASTAZ MASK AZFMUTH ANGLE INTO A
07247 0O X5 00447 STA LASTAZ STBRE AZIMUTH ANGLE

0Zs0 0 46 30007 CLR

0251 @ 35 00452 5Ta NPTS LOBK ANGLE COUNT SET T6 ZERD
Q¢52 Q 77 Q04n2 EAX 10BUFF GET ADRDRESS OF 1/0 BUFFER
0253 0 37 004460 STx ITWNPNT ST@RE QATA YNPUT POINWTER
0254 QO 76 GQ434 LDa FLGRST RESET FLAG FBR DATA IKRPUT
02%% 0 b 00450 57a FLAG S$TaRE

0256 0 74 00455 LDA ATINT2 GET AZ[MUTH INTERRUPT ROUTINE
06257 0 35 00202 STaA 5202 STARE [N AZ INTERRUPY LBC
0260 O 45 JODAOJ CLR

0zel O 71 00443 LDX N[&55 GET BUFFER COUNT

nz2ez 2 35 02211 5Ta 10BUFF+855.2 CLEAR ]NPUT BUFFER

0263 0 41 Q0262 BRX e} : CANTINYE LDOP

nzes 0O A1 DO4S6 HIN NREC . INCREMENT RECORD COUNT

0265 O 6] 00457 MIN NREC1 INCREMENT SCAN COUNT

* TEST FAR PROGRAM MODE CHANGE

0266 O S3 00457 SKN NRECAH TEST FOR PBSITIVE
Qzs7 0 01 00224 BRU S20 P8SITIVE.SD SCAM RECORDED
0270 0O 01 oOD22S5 BRU HALY SCAN KOT COMPLETE. GET MORE DATA

* SUBROUTINES

L

0271 0 00 CcoDao INIT PZE

azr2 0 77 Q462 EAx 1 2BUFF GET ADDRESS OF 1s0 BUFFER
0273 0O 37 DO460 STX INPNT STORE [N DATA POHINTER
0274 0 76 DO444 LDA NESCAN GET SCAN COUNT

0275 O 35 poas7y 5TA NFELL STORE [N SCAN COUNTER
pz76 0O 45 30003 CLR

0277 0 33 DO452 STA NPTS ZER® LOOK ANGLE COUNY
0300 0D 35 00447 S5TA LASTAZ SET LAST a2 ANGLE TD ZERD
DICGY O 76 DO434 LDA FLGRST RESEV FLAG FOR DATA INPUT
6302 0O 35 QD450 STa FLAG . STORE 1N FLAG

0303 Q 77 oL34) EAX AZ3 GET AZ INTERRUPT REUTINE ADDRS
0304 0O 37 GD453 8Ty THP SAVE IN TEMP STBRAGE

0305 Q 76 QG433 LDA BRHINS GET BRM BPCEDE

0306 0 %5 00453 ADD THP ADD LOCATION

Q307 © 35 Q0454 STa AZINTY STERE [NSTRUCTIDN

0310 0 77 00354 EAX A72 GEY AZ2 ADDRESS

031 0 37 00453 5Ty THP SAYE IN TENP STIRAGE

0312 0 76 00433 LDA RRMINS GET BRM 8FCBDE

03§33 ©O 55 00453 ADD THMP ADD ADDRESS

0314 D 33 00455 5Ta AZINT2 . STORE

D31% O 51 00271 - BRR INITY RETURN

-

o316 O 0J 00000 ABDRT PZE

0317 0 02 20004 D1R DISABLE [NTERRUPTS

0320 0 02 14000 Top . STAP TAPE IF RUNNING

0321 O 43 QU425 EOFT BRM REAGY TEST TAPE READY

Fig. C-1. (Contd)}.
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o322
0323
0324
0325
0326
0327
0330
0331
0332
0333
0334

a33s
0336
0337
0340

0341y
G342
0343
D344
0345
0346
0347
0380
0351
0352
0353
0354
0355
0356
0357
D360
0361
0362
0363

Cl64
0368
0366
Q367
0370
0371
0372
a37y
0374
037
o376
0377
0400
04Q}
Qa2
0403
0404

405
0406
Q407
0410
Q411

Qo000 00oQ0UOD

[ =N = ]

QoD OO0OOOO00000D0OQQ

OG0 OLOoOOOOo000000

DOCOC

71
be
12
a1
02
43
02
12
ng

01

a2
13
61
129

03
33
76
53
01
&5
33
78
14
73
133
76
15
6
ul |
&3
76
35
ni

Lp]
33
7y
66
35
b
14
73
ol
51
03
76
35
60
7%
a5
o1

o]
53
01
33
0i

oO442
03871
00461
o324
14000
00425
pzas1
oos37
14000
QD456
00204

00000
40460
Qoa60
40335

00000
40460
40460
D04%0
o356
00017
N2446
00436
00446
QDa&4z
ooleon
g0435
cQ450
co460
40341
D0460
00434
00450
4034}

03000
40hdas0
40460
ooa17
o446
00436
0Dd a6
oodd7
codzz
GCo460
40364
no45a
poz2op2
00450
Q0434
00450
40364

[pafs]ss]
00450
Dg412
0045]
40405

CLOCK

AZ1

ADS

ALS

AlO

AZ2

A20

DATATN

1DLE

LDx
ETF
Hiv
BRX
Top
8RH
uip
Miu
Tap
LDa
BRYU

PZE
Pine
KIN
BRU®»

PIE
FlNe
LDAw
SKM
8RU
RSH
STa
LDa
ETR
SKG
BARY
LOA
STa
MIN
BRUw
HDE
LDA
5Ta
BRUw

FIE
PINw
LDAs
RSH
S5TA
LDA
ETR
SKG
BRU
MDE
BRUw
LDa
STA
MDE
LOA
S5TA
BRU®

PZE
SKN
BRU
PIN
BRU=

NE150
1+4
1ERS

awi

READY
11
EOF

NREC
START

TNPNRT
INPNT
cLeCK

INENT
INPNT
FLAG
A1S

15
ATANGL
HEK
AZANGL
LASTAZ
ALD
FLGSET
FLAG .
INPNT
AZY
INPNT
FLGRST
FLAG
A1

INPNT
INPNT
1%
ATANGL
MEK
ATANGL
LASTAZ
A20
THPNT
AZ2
AZINTL
5202
INPNT
FLGRSTY
FLAG
AZ2

FLAG
DATA
TUHNY
DATAILN

Fig. C-1. (Contd).
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LEBAD COUNT FOR EOF RECORD
ERASE TAPE

WRITE ZEWOS

CONTINUE LOOP

STOP TaAPE

TEST TAPE READY

START TAPE FOR EOF

WRITE EBF MARK

TERMINATE OUTPUT

NUMBER OF REFCORDS 1N A
RETURN T0 START BF PROGRAM

GET CLBCK DATA FROM INTYERFACE
INCREMENT ADDRESS PBINTER
CLEAR INTERRUPT akD RETURN

GET AZ[MUTH ANGLE FROM INTERFACE
LOAD AKGLF FOR TEST

TEST DATA FLAG

FLAG P3SJTIVEs. TEST AZ ANGLE
ALIGN AZ ANGLE WORD

SAVE FOBR MaASK

HASK AZIMUTH ANGLE

SKIP [F GREATER THAN LAST AZ
NOBT GREATER S8 WAIT FAR NEXT AZ
A2 GREATER 58 SET FLAG

STBRE FLAG

INCREHENT PRINTER

CLEAR INTERRUPT AND RETURN
WOT DATA S6 DECREMENT POINTER
RESET FLaAG

STORE FLAG

CLEAR [NTERRUPT AND RETURN

GET AZIMUTHK BAYA FBRM INTERFACE
LOAD TNTO A REGISTER

ALIGN WEBRD

SAVE FOR MASK

LOAD MASK

MASK &ZTMUTH ANGLE

SK{P 1F ANGLE GREATER THAN LAST
NBT GREATER 50 BRANCW TO 1DLE
DECREMENT POINTER

CLEAR [NTERRUPT AND RETURN

SET UP FER DATA WAIT

STARE WAIT ROUTINE IN INTER 8C
RESTORE PAINTER

RESET FLAG

STORE FLAG

CLEAR INTERRUPT aND RETURN

SK1P IF FLAG NEGATIVE

FLaAG PRSITIVE, DATA HODE
GET BNE WORD FROM INVERFACE
CLEAR INTERRUFT AND RETURN



0412 0O 71 00440
C#13 0O 33 0460
Oa1d 0 61 00460
0415 0 41 DO41D
D416 0O &1 DO452
0417 O 76 00452
0420 O 73 D044S
0421 © 01 40405
0422 0 77 DO233
0423 0 A7 00405
Q424 0 01 40405
-

0425 © 00 00000
Qaze O 40 21000
0427 0 40 10411
0430 0 N1 0D432
0431 G 01 00427
0432 O 51 0042%

.
0433 O 43 oDO0O
-

* CONSTANIS

o

0434 TIIIIIVZ
0435 02000001
0436 0Joparz7

0437 17170000
0440 FITIITET
0441 r777470
0442 71777552
0443 FIF7H251
0444 77777773

0445 aloQoaro

+ VARIABLES

0446 © 02 DOCOO
0447 0 00U 00000
0450 D 03 00000
o4l 0 02 00GDOO
0452 0 N0 00000
0453 0 02 DOGOO
0454 0 02 00DQO
04%5 O 02 00GQOD
0456 O 0D CQLOO
0457 0 QO CO0OOO0
Q460 Q@ O3 CO0D0O
0461 Q 02 DO0ODO

DATA

READY

BRMINS

FLGRST
FLGSET
MGX
EOF
ND1D
ND200
ND1SO0
NRBSE
NDSCAN
0s6

AZANGL
LASTAZ
FLAG
DUMAY
NPTS
THP
ATINTI
ATINT2
MRED
NRECL
TNPNT
2ERD

* INPUT BSUTPUT BUFFER

-
0ag2 1527
2211 0 02 00000

I0BUFF
BUFEND

LDx
PIN»
MiN
HRY
MIN
LDA
SKG
BRU=
EAX
571X
BRU=

PZE
BRY
TRT
8RY
ary
BRR

BRM

DEC
DEC
oCT
oCcT
DEC
DEC
DEC
DEC
DEC
DEC

PZE
PZIF
PZIE
PZE
P2E
FZE
PZE
PZE
PZE
PZE
PZE
PIE

BSS
PZE

NDL3 GET YIDE® DATA WORD CAUNT

INPNT GET VIDED DATA FRON INTERFACE
INPNT INCREHENT ADORESS POINTER
=2 CONTINUE LEOP

NPTS . INCREMENT NUMBER OF LDOK ANGLES
NPTS LBAD NPTS [NTD A

D56 SKIP FBR 57 LOOK ANGLES
DATALIN CLEAR JNTERRUPT aND RETURMN
H20 GET ADDRESS OF TAPE WRITE
DATAIN STBORE AS RETURN ADDRESS
DATAIN CLEAR [NTERRUPT ANMD RETURN
1 TEST TAPE READY

a9 READY S8 QETURNM

P NEBT READY S& W+IT

READY

¢} BRM INSTRUCTION

=1

1

777

17170000

-13

=200

-150

=855

-5

56

855

* UTILIYY RBUTINE TE® READ THE DATA TAPE ON THE $SD5 910

* Q
22i2 0 71 00443
2213 0 02 036t1
2214 2 32 p2211
2215 0 41 02214
2216 © 00 00000
2217 0 01 00462
000a
0000

ERRGRS

LOx
RYS
WiM
BRX
HLT
BRU
END
H

Fig.

ND8S5
1.4
10BUFF+85%,2

el

10BUFF

C-1. (Contd).

59



~
!

ﬁfﬁrtnrﬂn

TS SUenRuUTlIRe

SUBANUTINE PACK(IT1+Ii02e1134T144T0)

REMGVES THE Twh RLaMK CHARACTERS PACKED INTD 7 TRACK

CAMRALTe RS 100 p 7 T 9 TPACY COMYERSETON ANL PACKS THE CHARACTERS '
4 CHARACTLRS PFR LGHEG oo T T rmm e e
TivellowllZelits FUUR rDISFCUTIVE INTELER WORDS OF UMPACKED DATA
Iu=z INTEGLR AREAY LF THAEE PACKEDN wWORDS, 4 CHARACTERS PER WORD

CIAs(liZesnTRT G e AMDL Y 0UTTORO0 — 7 7

NiwppgION T0{S)
I1z2 LT SUHTFT . A e a 77000000

I0=tTI1aCHTFT U AND*GUTTOONG
I3 TLl.SHTIFT Gl e AMDL T POLOUTTOL
T (TIPaSHTIFT 2}« AN *TTUOO0NG

IS (TI2.SHIFT LI AMD LY ONT7ONNRG
Tt TLP e SHTE T L e AMND Y AGLUTTRD
TP (TL3SHIFT ) e AMDL Y TTEI0NTUY

T2 (TLASHIFT 612 AMD " AN0DOTTLL
Iln=(l T4 SHIFT,2) e AN v 77000000

TN = [T ST TL ) W AN s 00T YROLE T
T1o=( 104 3 FT.8) AN, UB0a0T700
TU=t4 . SHTFY =10

I92iseSHIFT.s
T621€ .,5HIFT .6
T7=17.SHIFT.=12

Ifmf® ,SHIFT =12 e een
19210 8HIF T, 1¢
I10=1ideSHifF ame

T T T I L1 =TI LS HTIF T . -7 T - “

nooone

T RO ET I DRy T 0.0 L TR L ORLT12 T

THTS SUargldT Iere

SURNUTIOE SHETIINMERD 4 OUTWIN)

ICIIVST ORL1Z2,URMTXaDR 18
TG sln, MR, 16, CR TTLOR, IS8

HETLHE
F MEy

FICHT 24 1T Jeidt otk )
Tubkflz [RILLER ILFLT wWakoe ' T T
OUTWRD =~ THTERER ARmrAY NF FICHT R BIT WORDS FROM TWWRND

ST lE = (TN NRN G SHIF T =06V ANTW YT

T RETURN

L& USpEa 10 URPACK THE 5 RIT VIOFN DATA WORDS INTO

Thyrre® oUdTwiiita)
DUT e 0L Yl o R S TFT s =# 1 ) a Atige "7
OUT W GLE )L Th R G SHTRT o=l i) P e 7

LTt Ol 2l R e SV IF V=13 s Aiuite *7 -
OUTLPRLL ) Sl TRWh I aSHIF Te =12 s ANDL 1T
LT ulS) = T Wk SHIFT g =S ) aAjnite * T

PHFLPUl =Y oS TF T o muB) g Alultat 7
CuT, Rul@IsItwikba AN ?

Ehny

Fig. C-2. Fortran IV pre-processing subroutines
for Tow resolution radar data.

60



SUnhnUTIRE DECLIE (TPUF a DAY TOE o AMGLE yRETURNPOWEF R e ILENTH)

o
C THIS SuneouTInG UECLUES THE QATA FROM THE LOW RFSOLUTION RADAR SYSTEM
C Tur Ripoby LELGTHES AHE PUSSTALE
T tia@ pOR0 RECORDS FOR IMTTIAL NECODIMG T OF DATA ARD PackING™ T
C g5%% HWURD RECORIS FUR PACKED OaTA
€ THUF= THNTEGER ARFpy WITH ONE RFEEDRD FROM DATA TAPE
TTCOOAYTME D TRTEGER PRHAY NF DAY=TIMF WORD FOR EATH TOOK ANGLE
C raGLES (TR GER APRAY COF LOOK ANGLLS
C FETURL: TWTESLT ARFAY OF. 100 RAMGE PBTANS FER LOOK ANGLE
T POWER= INTFGERTAFRAY OF POWER LEVELS FOR EACH LUOK ANGLE
C ILFENTH= TWTEGER LElLTH 0OF IAUF
C
et IMTEGER THIRE (1) o DAY TME (L) o pMGLE LY )W RETURNTI Y W INDATATASS Y CLOCK
F{T e (3)aATALP o1 XY ePOWER(LY s FLR
TE (1 EMTHGE T 0553 r0 TOSE
c ‘ e e e
C PACK & CHARACTER WUROS INTD & CHAMACTER WORDS
c
B P O
Ao 1n Jslelltyetl
T=14+2 :

N A (T PﬂCK{THUFldl1TﬂUF(d+ITuTﬂUF(d+2TiIBU?(J¥3FiIDATA(I)iIﬁATA(I?W”‘ﬁ*bf

#1),1naTA{I+2])
in CONTTIRUE

C FPUT PACKFU DATA BACK THTO IBUF

s T nn e 121 ARE -
THCE e LISTOATALL)
510 CONT TIvDE

- HE CEAMTTAUES " c ¢ RV

c
C REMOVE GaTA FROM IERLUF
g i . -
MYz
Jo=il

180 JEI41S
C DECODE crurk URTA

o
© — e
CLOCKY ALI=13UF () e SHIFTump?
CLOCKAZ) = TRUF [ Q) o CHIF Ty =1R) Jhia 17
T CLACK AR s L IRUF LU s SHTF T =10 ) s ARiRe VLT
CLALW LH )2 { THUF () SHIFT =12) s hiiill e '3
CLOUCK ) 2 (TRUF (J) o SHIF Ta=b) e finlle 17
T T LG A 2 U TRUF (J) G SHIFTe=S) o ARNL YT
CLOCHATI=(TIBUF (J) o SHIFTe=1)olplle 17
c
T C DECADE A7IMUTH ANGLE T
¢

AL =0EHUS (Jel ) BRI T a=21 s AtiGat?

CRFZ2 = IIAUF (JHE S A SHIFT  =18) « ADW *7

Fig. C-2. (Contd).
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AZEBYE0IAUF (U] 3o SHTFT . =15) s ANV T

o
C REcODE prwERr LEVEL

- C

TTT O Prk =IgUF(Jel) JSHTIFT o =5)«ANLL*00000377
€ SET LEApTNG alITS GF POWER LEVEL
PWR=PWwR R *TZ7T7T7400

o
C QECODE yTLEO UATS
C

TTUTTTTUTRG pny I=1413 770
JdzJ+ i+l
200 CALL SHFT(THUF{QQ!-OATﬂ(iiI)J

e
C FORM Davy=TIME TNTEGER
¢ .
T Tct=an0pong T
OpyTme (NPT =l
10 »8y I=1.7

T T AAYIREANPT Y 2ELOCK (T IR TCONSDAY THE (NPT
280 ICOA=ICON/IO

COMPUTF AZIMUTH ANGLE

e

T T TTANGLE (NPT =R AZ (YA R A2 (2Y¥AL(AY T

IF (aNGLE (1UPT ) 4 6E 43601 ANGLE (NPT ) =ANGLE (NPT ) =340

C
UL cOMPUTEY POWER LEVEL VOLTAGE o
C .
PORER(NPT) = =PRR*SA0N/256
e e R LI i A

C STpRF pink( RETURM

i T
NG 279 L=leld
00 275 K=1.+8

S -5 S R
TSiHi=iWPT+{T=1)3%R7
RETURRK(ISUN J=DrTAIR L)

IF(1. @100y TO 250 77
275 CORTTNUE
2a5 COMT Wb

- CNRTzNPTe] T T
306 IF(u.LE il TO 150
: RE TURWN
By e e e e

Fig. C-2. (Contd).
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