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R

A Digital Processing and Display System for
the Rotating Beam Ceilometer (AN/GMQ-13)

1. INTRODUCTION

The Rotating Beam Ceilometer (RBC) is one of the elder statesmen in the Air

Weather Service's inventory of sensors. As with many complex sensors that have i
been in service an extended period of time, maintenance problems (decreased mean
time between failures, availability of parts, etc.) become aggravated. This has
been true of the RBC, particularly its display portion. In response to this need,
the Air Force Geophysics Laboratory (AFGL) undertook the development of a new
and improved display system.

An exploratory development program was initiated at AFGL to design, fabri-
cate, test, and evaluate an automated cloud display system which relied on micro-
processor technology. This system was designed to be a low cost, compact pack-
age which could provide sufficient detailed information to the operator so that he
could rapidly make an accurate observation. The developed display accomplishes
this goal. In addition, the microprocessor-based system analyzes the data and
produces an objectively determined cloud base height from the five most recent
scans. This objective cloud base height'could be helpful to a busy observer, but
more importantly could be transmitted through a serial channel as part of the




automated observation (AUTO OBS) portion of the Automated Weather Distribution
System (AWDS). 1

This report will review the specific design of the RBC, the microprocessor-
based display system, the data received from the RBC, how that data are proc-

essed and displayed, and future considerations for the systern.

2. EQUIPMENT

2.1 AN/GMQ-13 Rotating Beam Ceilometer (RBC)

The standard RBC system consists of a projector, a detector, and a CRT indi-
cator as shown in Figure 1. The projector contains two back-to-back lamp assem-
blies on a motor driven mount which continuously rotates in the vertical plane.
These lamp assemblies each contain a high current incandescent lamp inside a
rotating shutter and a 24 in. parabolic mirror behind the lamp. As the mount ro-
tates, each lamp will project a 120 Hz modulated beam which sweeps from 0 to 90
deg or from parallel to perpendicular to the ground. During the 0 to 90 deg sweep
a filter on the housing attenuates visible light allowing infrared light to be trans-
mitted. At 90 deg, the beam is reduced in power and blocked by the housing during
the remaining three quadrants of mount revolution, The two-lamp arrangement
doubles the atmospheric illumination portion of each revolution. This produces
more frequently updated information and hardware redundancy but can introduce
problems, discussed later, when computer-processing these signals. Magnets
actuate a reed switch when either lamp is horizontal (at 0 deg) to develop a syn-
chronizing pulse for the indicator.

The detector consists of a vertically viewing, parabolic mirror optical system
with a photocell at its focal point, A honeycomb collimator is mounted above the
mirror to reduce effects caused by sunlight and other stray light, An amplifier
boosts photocell output for transmission to the indicator. A locally-fabricated
reflector is usually mounted on the housing to reflect some light directly into the
optical system when illuminated by a projector's lamp in the 0 deg ot horizon-
tal position. This produces a strong return on the indicator and is used to verify
system operation., This feature of the system is used by the microcomputer and
will be discussed later.

The operational RBC system output is displayed on a cathode ray tube (CRT)
indicator. The switch closure which occurs when either lamp is at 0 deg is used
to synchronize the sweep mechanism, The electron beam is swept from the bottom
to the top of the CRT in synchronization with the projector's rotation from

1. Air Force Communications Service (1977) Automated Weather Distribution
System (AWDS) Required Operational Capability (AFSC ROC 601-77).
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0 to 90 deg. The deflection of the beam left and right of the centerline is propor-
tional to signal strength; that is, u strong cloud return gives a wide deflection,
Operation of the indicator often requires numerous wdjustments and considerable
operator skill in interpreting signals resulting from multiple cloud layers, snow,
fog, etc.

Actual cloud height is determined by watching the trace for the 3 sec it takes
to scan from bottom to top of the CRT. If a cloud return is present, the point of
maximum beam deflection is taken to be the height of the cloud's base, This is
read directly from an overlay indicating height vs, projector angle or by reading
an angle-only overlay and referring to a conversion table to obtain the cloud height,
Numerous operator adjustments must be correctly done to maintain system accu-

racy. In addition, synchronization with the projector must be manually initiated,

2.2 AFGL RBC Processor/Display

The AFGL RBC processor/display unit (see Figure 2) consists of the unit's
front panel and five functionally separate subsystems contained on three printed
circuit cards, The five subsystems are:

1. Analog demodulator and converter,

Microcomputer,
Dot matrix display,
Display controller,

43" ~ S VS I

Power supply.

The analog demodulator and converter circuit is shown schematically in
Figure 3. This circuit accepts the 120 Hz amplitude modulated signal from the
RBC. An absolute value rectifier and integrator (M31) detects and slightly filters
the envelope of the signal which is amplified by the programmable gain differential
amplifier (M32), Gains of 1.00, 1,33, 1.67 and 2.00 are available under program
control by means of a two pole, solid state analog switch (M30). This switch is
driven by two computer output lines and alters the amplifier's feedback resistance.
In addition, a dc voltage is applied to the amplifier's differential input in order to
offset the residual dc baseline voltage. The offset voltage can be one of 16 values
developed by a digital to analog converter (M30) and ranges from near zero to
approximately 25 percent of the full scale 10 V input, The firmware description in
this report (see Section 4) details the methods used to determine gain and offset
values based on analysis of the signal. An 8 bit analog to digital converter (M28)
completes the processing of the signal. A programmable input/output port (M27)
serves as the interface between the analog and computer subsystems,

The microcomputer in this system is based on an Intel 8080A microprocessor
and is shown schematically in Figure 4. Program memory capacity is 12K of
2716 type EPROM while random access memory capacity is 4K of 8108 static RAM.

10
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The system incorporates an eight level priority interrupt controller (M20), a
triple 16 bit counter/timer (M23), a USAR/T serial port (M22) with RS 232C inter-
face and a programmable baud rate generator (M21)., This combination of devices,
contained on one board, has been found to be a very useful ''workhorse'' micro-
computer in earlier lab designs and provides considerable computer power and
versatility in this application.

The dot matrix display includes a Burrough's SSD-0124-0039 panel and driver
assembly. 2 The assembly consists of a SELF-SCAN panel display and driver
board. The SELF-SCAN panel display is a flat panel gas discharge display device
capable of displaying a matrix of 17 cells by 192 cells which can be configured in
any font or graphic application. The cells are located on 0, 040 in, centers ver-
tically and 0, 030 in, centers horizontally.

The driver board consists of a 3-phase counter, anode drivers, phase drivers,
missing pulse detector, blanking control, and scan anode disable control circuit,
The display clock signal is used to sequentially address the cathode phases. The
data input signals are used to address the display cells at the appropriate location.
The driver board contains a protection circuit, If loss of the clock or reset signal
is detected, it switches off the display and scan anodes to protect the display panel
from being damaged while operating in a non-scan mode.

The display operates in a scanning mode, scanning from left to right, one full
column at a time. A clock must be included with a period of one column time, At
the end of the 192nd display column time, the negative edge of the reset pulse must
be generated to initiate a new scan cycle, The reset duration must be at least one
clock period.

Seventeen data input lines are provided to address the PNP transistors which
are operated in a constant current source configuration to drive the display cells,

The protection circuit consists of two retriggerable monostable multivibrators
arranged in a missing pulse detector configuration to monitor the clock and reset
input signals. Failure to receive high to low transitions on either line at approp-
priate time intervals disables the display anodes, scan anodes, and cathode phase
drivers. The presence of these signals at a later time would automatically resume
the normal operation of the system.

The simplified schematic of the display controller circuit is shown in Figure 5
(Figures 6 and 7 are the detailed schematics). The Burroughs SELF SCAN dot
matrix display is organized into 192 sixteen bit vertical columns, A 17th bit is
wired true to provide an illuminated baseline,

2. Burroughs Bulletin No. 3511A, Burroughs Corporation, OEM Division,
P.O. Box 1226, Plainfield, New Jersey 07061.
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To create an image, a data field is stored in the display memory in the form
of 192 low byte/high byte pairs or columns. Approximately 70 times each second
an address generator made up of an oscillator (M6) and binary counters (M1 and 1
M2 in A memory or M3 and M4 in B memory) provides sequential addresses and
data strobes to write a data field to the display from left to right. The 193rd
clock pulse, conditioned by the counter's decoder (M15), develops a Display Reset
strobe, If the computer is not requesting a memory ''toggle'" or update, the
memory merely cycles and continues to display the same data. A "toggle' request,
stored by M7, will cause a switch to the alternate memory synchronized by Display
Reset. Contents of the alternate memory are now clocked to the display in the
above manner.

A dual purpose 8 bit presettable binary counter (whose operation i.. .llustrated

in Figure 8) develops or buffers display memory addresses depending on memory
selection. If in "load" state, the counter is in its presettable condition and merely
buffers the lower 8 bits of the computer's address buss directly to the selected
display memory. When data is to be written to this memory, the computer uses
an ordinary memory-~write instruction. When toggled to "run” state, display
memory addresses are developed as the counter accumulates column-strobing
clock pulses.

A total of seven dc voltages are required to operate this equipment: +5, -5,
+12, #15, and -250. The +5 Vdc logic power is developed from the 120 V, 60 Hz
line by means of a high efficiency, switching type power supply. With the exception
of -5 Vdc, the other voltages are developed by dc to dc converters powered by the
+5 V supply. The -5 Vdc power for the 8080A is developed from the -12 Vdc source

through a three terminal regulator.

3. ROTATING BEAM CEILOMETER DATA

The configuration and operation of the RBC was described in some detail in
Section 2.1. Basically, the detector is set a fixed distance away from the pro-
jector (normally 400 ft), with its field of view vertical and coplanar with the
rotating projector beam. The sensor's intersection volume advances up the de-
tector's vertical beam as the projector's beam rotates from the horizontal. When |
the volume coincides with a cloud, as illustrated in Figure 9, backscatter of the
projector's beam by water droplets in the cloud is detected by the receiver and
depicted on the indicator. The elevation angle (o) at which the maximum back-
scatter return occurs yields the cloud height (h) by triangulation.

It is characteristic for the RBC response to increase slowly above the noise
level, reach a maximum, and decrease gradually to the noise level. This is

illustrated in Figure 10. Referring to Figures 9 and 10, the return begins to
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increase when the optical axes intersect at Il' the bottom of the cloud. The sig-

nal strength reaches a maximum at the level of maximum backscatter 12, and
then decreases to the noise level at the signal extinction level, 13.
Moroz and Traver53 have suggested that this idealized return is altered by
the effects of multiple scatter, They postulated that sufficient multiple scatter
occurs to create signals above noise level which would be detected just before the

two beams intersect the cloud. In addition, multiple scatter between the two beams

reinforces the receiver's signal, suggesting that the maximum return would occur
at a higher altitude than it exists. Quantitative adjustment for multiple scatter
effects were not estimatible from their study.

For the purposes of our development and test, cloud heights were determined
in accordance with Federal Meteorological Handbook No. 1 guidelines which state,
"The base of sky cover aloft is represented by points of maximum reaction {peak

return) of the ceilometer to light reflected from the base of layers detected."4

4. AUTOMATED DATA PROCESSING PROCEDURES

The computer program developed to handle the RBC processing is shown dia~
gramatically in Appendix A and the PL/M-80 source code is listed in Appendix B.
It was written to process the output from a single Rotating Beam Ceilometer (RBC)

using an Intel 8080A microprocessor. It has three main objectives, The first is
to represent the data received from the RBC on the display system in a manner
similar to the operational CRT display. The second is to filter out spurious or
insignificant returns. The last objective is to examine the retained data and to
determine a representative cloud base height for the single RBC cbserving point,

It should be noted that each of the two lamps in the RBC is processed independently,
almost as if they were two separate instruments, This prevents minor differences
in one lamp (for example, lamp intensity variation, a slightly different calibration)
from influencing the other,

The logic of the program is based upon the acquisition of certain start signals
from the RBC and internally generated 120 Hz clock pulses, Within the RBC, each
6 sec scan of information from one lamp has two parts; a 3 sec, 0 to 90 deg cloud
base height data scan and a 3 sec, 90 to 180 deg lamp inactive scan, However, for
processing purposes, the 180 deg scan is divided into three parts, The first 5 deg

3. Moroz, E.Y., and Travers, G.A. (1975) Measurement of Cloud Height,
AFCRL-TR-75-0306, AD A015 737,

4, TFederal Meteorological Handbook No. 1, Surface Observations, Second Edition
(1979), Washington, DC, pp A5-5 to A5-29,

24




is used to calculate a gain adjustment, 5 to 90 deg is taken as cloud base height
data, and 90 to 180 deg is stored to calculate an offset adjustment for the next

cycle of the lamp. A zero degree switch closure signal received from the projector
is used to initiate data collection.

The program operates on an interrupt-driven basis. This allows the micro-
processor to continuously execute its main program, stopping only to service
peripheral devices when it is told to do so by the device itself. In effect, the
interrupt method provides an external input that directs the processor to complete
the instruction currently being executed and fetch a new routine that will service
the requesting device. Once this servicing is complete, the processor automatically
resumes exactly where it left off. This allows the processor to operate in a very
efficient manner. In addition, a priority or level of importance can be placed on
each interrupt. This permits a higher priority interrupt to stop the processing of
a lower priority interrupt, allowing the higher one to be serviced immediately. In
this system the zero degree switch closure is assigned the highest priority followed
by the internally generated 120 Hz clock pulse.

When first put into (or returned to) operation, the computer initialization pro-
gram formats certain component chips and presets certain variables, The sys-
tem then acquires the first zero degree switch closure to signal the upcoming
receipt of data pulses. Once the program has received the first zero degree
switch closure, data acquisition is synchronized by the 120 Hz clock. When a

120 Hz clock pulse is received, the main processor is interrupted and a data

acquisition sequence is accomplished. This produces data samples every 8.3
msec or 0,25 degree of elevation, thereby dividing the 180 deg scan into 720 data
§ samples.

Two corrections, obtained from previous scans of the same lamp, are applied

* to each received data scan, The first, a gain correction applied to pulses 20-719
(5 to 179.75 deg), is determined for each lamp from its previous scan, During
the initial segment of the scan a strong signal return is developed by a small re-
flector (mounted on the detector housing) which is illuminated by the projector beam.
The signal reaches a maximum value near zero degrees elevation and decays to a
background level of 0.3 to 0.5 V before reaching 5 deg of elevation, This signal
approximates a strong cloud base return and is used as a reference for the gain
correction, This correction, which compensates for degraded signal intensity, is
the factor needed to adjust the signal level that occurs in the first 5 deg, to a value
| representing a full intensity lamp, Four discrete gain adjustments are permitted:
1.00, 1,33, 1.67, and 2,00, The second correction, an offset applied to pulses

20 to 360 (5 to 90 deg), is determined from a 10-scan running average of the noise
or background level of the detector. It is determined during the 3 sec portion of

each sweep when the projector beam does not intercept the detector beam (pulses
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361 to 719 covering the range 90.25 to 179.75 deg). A simple average of the low-
level noise (background) peaks received during this part of the scan is integrated
into a 10-scan running mean (which spans 2 min) to provide the offset factor for the
next rotation of the same lamp. For this purpose, a noise peak is defined as an
increase in the amplitude of the return signal followed by a decrease. Offset
factors range from near O to 2,35 V in 16 discrete and equal intervals. After one
completes the 3 sec lamp inactive period, the other lamp trips the zero degree
switch, becoming the active lamp, and the processing repeats itself alternating
back and forth from one lamp to the other. The primary data acquisition phase of
the program is completed with the switch-over to the other lamp.

One additional piece of preprocessing shou!d be noted. During cloudless day-
light periods varying amounts of sunlight may, on occasion, be scattered into the
detector depending on time of day and orientation of RBC. If these returns occur
during the cloud base data segment (0 to 90 deg), erroneous cloud base heights may
be reported. Because these returns are produced by sunlight and not the RBC
lamp, they are just as likely to occur during the 3 sec inactive scan of the lamp.
Therefore, if two or more peaks collected during the inactive scan have magnitudes
of 25 percent or more of full scale, sunglint is assumed and a cloud base height is
reported as none. Two or more peaks are used to reduce the possibility that other
random noise sources, which may produce one large noise peak, are not misinter-
preted as sunlight,

Once the 360th data pulse has been collected, the program automatically begins
processing the cloud height data scan., While this processing is occurring, the pro-
gram, through the interrupt method discussed before, continues to gather data
(from pulses 361 to 719) to be used to calculate the offset correction. The first
processing step is to prepare the data for display. The maximum return in the
first 20 pulses (5 deg) is located. If the zero degree switch is perfectly positioned,
this maximum return should occur at the first pulse (zero degrees). If this is not
the case, the program shifts the largest return into the zero degree position. This
self-calibrating procedure ensures a correct height being determined and prevents
inconsistency between the height reported by two lamps which may not have been
calibrated in exactly the same matter,

The geometry of the RBC and experience with its performance suggest clouds
above 87,5 deg would not scatter sufficient light back into the detector to be dis-
cernable with confidence. Therefore, subsequent processing is restricted to
pulses 0 to 352 (0 to 87.5 deg). The next step is to reduce the range of pulses
(0 to 352) and the range of signal intensity (0 to 255) to fit the array set aside for
the 192 by 17 dot matrix display. Selecting every other pulse reduces its effective
range to 0 to 176, Dividing the signal intensity by 16 reduces its range to 0 to 15,
Thus, if original pulse number 36 had a signal intensity of 158, then the 18th
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element of the display array would have bits 0 to 8 lit and bits 9 to 15 unlit,
(Internally the program would assign a 1 bit to array dots on the display to be lit.})
The last portion of this pass through the data is to locate the maximum return
within the pulse range 20 to 352. A cursor is displayed at the element of the array
which represents this maximum return., For this element of the display array,

the lit/unlit logic is reversed. Thus, in the example above, bits 0 to 8 in element
18 would be unlit and bits 9 to 15 would be lit, If the magnitude of all data points
in the range 20 to 352 was zero, the cursor would not be displayed.

The system allows for three modes of operation or processing which will be
described in subsequent paragraphs. They are the one-scan and the five-scan
modes (which require no further inputs from the user once they have been selected)
and the manual mode (which is user-interactive). These options are exercised by
the user/operator through a switch on the display's front panel, Switching from
one mode to another, as required to satisfy the operator's data needs, is easily
handled by the display's microprocessor.

The full range data array (0 to 352 pulses and 0 to 255 signal intensity) is
filtered and analyzed to find a cloud base height. The first step in this stage in-
volves the detection and rejection of large amplitude single pulse noise spikes,
Any pulse (from numbers 21 to 351) whose magnitude is greater than the magnitude
of the average of its two adjacent neighbors by 200 percent or more is rejected
and replaced by the average of the adjacent values. Then a binomial function is
applied to eliminate high frequency components whose duration is less than four
pulses. Ripples of less than four pulse duration which are part of substantially
higher peaks will also be filtered out, However, since the major peaks persist
over a large number of pulses, these will not be eliminated. In this process the
absolute location of slope reversal (which identifies each peak) will be preserved.
A 7 weight filter is used in this binomial function with the following weights: 1/64,
6/64, 15/64, 20/64, 15/64, 6/64, 1/64. The [ilter weights are successively
applied to the set of pulses, using each pulse as the central value in turn and adja-
cent pulses to define the wings of the function. The 7 point filter process is initially
centered on pulse 24 (using pulses 21 to 27) and ends with pulse 348 (using pulses
345 to 351).

The identification of peaks in the filtered scan is restricted to pulses between
pulse count 24 and 348, Simply stated, a series of pulses constitutes a valid peak
if the pulse magnitudes are increasing for at least four consecutive pulses and
decreasing for the two succeeding pulses. When a peak is identified, the pulse
count and the magnitude at the point of slope reversal (indicating the summit of the
peak) are stored for later analysis. After the fully filtered scan has been examined,
the magnitudes of the stored peaks are ranked in descending order. The program
then stores the peak count with largest magnitude for latter analysis. In its R&D
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capacity, this automated basic processing system served the needs of a follow-on
study, which used the largest and second highest peak in the evaluation of automated
cloud observation systems, 5 Therefore, the second largest peak was also stored,
If no peaks were identified during the scan, th rrogram stored 1000 for both the
maximum and secondary maximum peaks. Howvcver if a maximum peak exists and
a secondary peak does not, 1000 is stored only for the secondary maximum.

The determination of the objective cloud base height is initiated after five scans
have been obtained for a lamp., Then after each successive scan an objective cloud
base height is calculated for each lamp using the maximum peak pulse count deter-
mined for each of the most recent five scans, Recall that five scans of one lamp
span 1 min in total time. Initially, the five peaks are compared and if two or more
of them have the same pulse count, that count is selected as the cloud base height.
If two values have multiple occurrences, the lowest is selected. For example, if
peak pulse count values of 140, 120, 120, 100, and 100 are reported, 100 is se-
lected as the cloud base height, If all five values are different, a second check is
made to determine if two or more pulse counts are within 4 counts of each other.

If they are, the lowest pulse count is stored as the cloud base height, For exam-
ple, if values of 92, 54, 96, 97, and 52 are reported, 52 is stored. If the first
two tests fail, a final attempt is made. If but one of the five values is within 6
pulse counts of the value identified in the previous cloud base height determination
for the lamp under consideration, then the lcwer of these two values is retained.

If all three tests fail then the cloud base height is reported as none by storing 1000,
At this point in the program, a check is made to determine if the one~-scan or the
five~scan mode has been selected. In the one-scan mode, the five-scan cloud base
height determination is made but not used. This permits a rapid update when the
five-scan mode is reselected., The pulse height count, representing the largest
return received in the current scan, is converted to a height in feet using
Appendix C. The numeric characters for the height, the stored cursor position,
and the stored display array are then sent to update the dot matrix display. If the
magnitudes of the data points were zero, '"NO PEAK" would be displayed for the
height and the cursor would be suppressed. In the five-scan mode, the most
recent stored data array, the stored cursor position, and the numeric characters
for the cloud base height are displayed. Again, the CBH (in feet) is determined
using Appendix C. If a cloud base height was determined to be none or produced
by sunglint, "NO CBH" is displayed.

After the data for a given lamp have been analyzed and displayed, the program
completes the collection of offset data and waits for the other lamp's zero degree

5. Geisler, E.B. and Chisholm, D.A. (1980) An Automatic Cloud Observation
System (ACOS), AFGL-TR-81-0002, AD A094 330.
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switch closure. When the zero degree switch closure occurs, cloud base data
collection proceeds using the interrupt mode for the new lamp, An offset correc-
tion for the previous lamp is calculated and stored for the next cycle while the
basic processing described above continues for the new lamp.

The third and final mode of operation is the manual mode. While this mode
continues to allow data to be collected, it inhibits the display from updating,
thereby allowing the operator to evaluate the current display at length. The
cursor positioner, a front panel switch, is enabled so that the operator can move
the cursor to the left or to the right to investigate secondary maxima or other
interesting features in the trace, When the positioner is toggled and not held, the
cursor moves only one column to allow exact positioning, However, if the switeh
is held in the toggled position, the cursor moves very rapidly to permit onger
moves. In either the toggled or the toggled and hold operation, a conversion of
the cursor position to the equivalent height in feet is accomplished and automatically

updated in the display's upper right corner,

5. FUTURE CONSIDERATIONS

In the studies conducted thus far, an effective method to process and report
an obscuration has not been found. This is largely due to the fact that the RBC's
response to an obscuration varies tremendously depending on the weather element
causing it and its intensity and thickness. Procedures tested thus far, in the
demonstration of the Modular Automated Weather System at Scott AFB, IL6 and
more recently at AFGIL. and Otis AFB, have not yielded a fully adequate solution.
Data being gathered from a three RBC network at AFGL's Weather Test Facility
on Otis AFB, MA are being used to try to resolve this difficult automation task.
When developed, obscuration procedures could be incorporated into the processing
program.

In a relatec study, 5 hierarchical clustering techniques for automated cloud
observations have been evaluated using data gathered by the three RBC network at
the Weather Test Facility at Otis AFB, This clustering technique, applied to the
latest 30 min of cloud data provided by our RBC processing procedures, yielded
reliable and representative observation of low cloud height, low cloud amount,
and ceiling. It also found that specification accuracy is not measurably improved
by using basic data from a second or third nearby RBC and that the use of secondary
peak information does not add to improved specification. It is our contention,

6. Chisholm, D.A., Lynch, R.H., Weyman, J.C., and Neisler, E, B, (1980)

A Demonstration Test of the Modular Automated Weather System (MAWS),
AFGL-TR-80-0087, AD A087 070.
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however, that if secondary peaks survive the filters and tests applied to them in
the program, they could be valuable information in support of aircraft operations,
Expanding the processing and display capability to include these added pieces of
information (low cloud height, amount and ceiling based on updated 30 min data
sets and the secondary peaks) would require added display space beyond that
presently included, An alternative solution would allow the operator to display low
cloud observations and related data using a front panel switch which could direct
the computer to temporarily hold RBC scans and display alphanumeric data instead.

Another change would be required in order to implement these modifications
throughout the Air Weather Service inventory. Procedures are needed to account
for differences in the RBC baseline (distance from projector to detector) and line
frequency which can be 50 cps (cycles per second) at some overseas bases com-
pared to 60 cps in the U.S. These variations can be accounted for through internal
switches which can be set during installation consistent with local conditions.

Finally, a test routine, which would be implemented at the option of the ob-
server-operator, could be included in the system. Its purpose would be to assist
in the diagnosis of suspected system malfunctions, When the program appears to
be functioning improperly, a known data set would be generated by an internal
signal simulator. Comparison of anticipated outcomes with actual outcomes of the
several processing steps would aid the operator in isolating system malfunctions
(if any). Work is presently underway to incorporate the test routine and the inven-
tory-wide option capability into the display system.

6. SUMMARY AND CONCLUSIONS

Although the RBC is an aging sensor, with proper maintenance and handling it
should be useful to the AWS for several more years, Further, the cost to com-
pletely replace the RBCs in the Air Force inventory would be very high. This study
has demonstrated the advantages of using a low cost microprocessor-based auto-
mated display system to replace the display portion of the current system. Although
the prototype display system can continue to undergo modifications and improve-
ments, it goes a long way towards overcoming the operational and maintenance
problems encountered with the current CRT display.

In addition to solving the maintenance problems, the display/processor provides
an added dimension that was not previously available to the operator, It provides a
reliable, repeatable scan which minimizes the subjectivity of the operator and the
misalignment of certain components, In addition, the system displays the exact
height of the maximum return for each scan to an accuracy never obtainable before.
Fine scale variations can also be seen, The system provides the operator with
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options to select one of three modes to process and display the RBC data. Two
modes are fully automated: a one-scan mode which operates only on the latest
scan, and a five-scan mode which objectively determines an updated 1 min cloud
base height. The third, a manual-interactive mode, allows the observer to hold
the current scan and fully investigate, by means of a moving cursor, primary
peaks, secondary peaks, or other areas of interest. This mode permits the
observer to extract in detail all the information a scan has to offer,

In November 1980, a prototype RBC display system was installed in the Base
Weather Station (BWS) at Scott AFB, IL for a MAC Service Test. It was interfaced
to the operational RBC sensors and was located in close proximity to the opera-
tional CRT display. Operating procedures and evaluation criteria were briefed to
BWS, Hq AWS and AFCC personnel. From our experience with the system and
from responses received from Scott personnel, the automated display system has
proven to be very beneficial. The display is more readable, provides more
accurate heights, and permits better interpretation of the data obtained. In its
present form, or more so with the improvements suggested above, this display
system can significantly enhance the utility of the operational RBC and is a step
towards more accurate and reliable observations.
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Appendix A

Flow Chart of Processing Program
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Appendix B

PLM-80 Software of Processing Program
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Appendix C

Conversion Table from Pulse Counts to Heights

Elevation Pulse Height Elevation Pulse Height
Angle Count (ft) Angle Count (£t)
6.75 27 47 14,00 56 100
7.00 28 49 14,25 57 102
7.25 29 51 14.50 58 103
7.50 30 53 14.75 59 105
7.75 31 54 15.00 60 107
8.00 32 56 15.25 61 109
8.25 33 58 15.50 62 111
8.50 34 60 15.75 63 113
8.175 35 62 16.00 64 115
9. 00 36 63 16.25 65 116
9.25 37 65 16. 50 66 118
9.50 38 67 16.75 67 120
9.75 39 69 17.00 68 122
10,00 40 71 17.25 69 124
10.25 41 72 17. 50 70 126
10. 50 42 74 17.75 71 128 :
10.75 43 76 18.00 72 130 2
11.00 44 78 18.25 73 132
11.25 45 80 18. 50 74 134
11. 50 46 81 18.75 75 136
11.75 47 83 19.00 76 138
12.00 48 85 19.25 77 140
12.25 49 87 19, 50 78 142
12,50 50 89 19.75 79 144
12,75 51 91 20.00 80 147
13.00 52 92 20. 25 81 148
13.25 53 94 20. 50 82 150
13. 50 54 96 20.75 83 152
13,75 55 98 21.00 84 154
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Elevation Pulse Height Elevation Pulse Height
Angle Count (ft) Angle Count (ft)
21.25 85 156 35.25 141 283
21.50 86 158 35.50 142 285
21.175 87 160 35.75 143 288
22,00 88 162 36,00 144 291
22.25 89 164 36.25 145 293
22.50 90 166 36. 50 146 296
22,175 91 168 36.175 147 299
23.00 92 170 37.00 148 302
23.25 93 172 37.25 149 304
23.50 94 174 37.50 150 307
23.175 95 176 37,75 151 310
24,00 96 178 38.00 152 313
24,25 97 180 38.25 153 315
24,50 98 182 38.50 154 318
24,175 99 184 38.75 155 321
25,00 100 187 39.00 156 324
25.25 101 189 39.25 157 327
25.50 102 191 39.50 158 330
25,175 103 193 39.75 159 333
26.00 104 195 40,00 160 336
26.25 105 197 40. 25 161 339
26. 50 106 199 40. 50 162 342
26.75 107 202 40.75 163 345
27.00 108 204 41.00 164 348
27.25 109 206 41,25 165 351
27.50 110 208 41.50 166 354
27.75 111 210 41.75 167 357
28.00 112 213 42,00 168 360
28.25 113 215 42.25 169 363
28,50 114 217 42,50 170 367
28.175 115 219 42.75 171 370
29.00 116 222 43.00 172 373
29,25 117 224 43,25 173 376
29. 50 118 226 43,50 174 380
29,175 119 229 43,175 175 383
30.00 120 231 44,00 176 386
30.25 121 233 44,25 177 390
30. 50 122 235 44,50 178 393
30.75 123 238 44.75 179 397
31.00 124 240 45,00 180 400
31.25 125 243 45.25 181 404
31.50 126 245 45.50 182 407
31.75 127 248 45.75 183 411
32,00 128 250 46,00 184 414
32.25 129 252 46,25 185 418
32.50 130 255 46.50 186 422

) 32,75 131 257 46,75 187 425
33.00 132 260 47.00 188 429
33.25 133 262 47.25 189 433
33. 50 134 265 47,50 190 437
33.75 135 267 47.75 191 440
34,00 136 270 48.00 192 444
34.25 137 272 48,25 193 448
34,50 138 275 48. 50 194 452
34.75 139 278 48.175 195 456
35.00 140 280 49.00 196 460




Elevation Pulse Height Elevation Pulse Height
Angle Count (ft) Angle Count (ft)
49,25 197 464 63.25 253 794
49, 50 128 468 63,50 254 802
49.75 199 472 63.75 255 811
50. 00 200 478 64,00 256 820
50. 25 201 481 f4.25 257 829
50. 50 202 485 £4, 50 258 839
30,75 203 490 64,75 259 848
51.00 204 494 5, 00 260 858
51.25 205 498 £5.25 261 868
51.50 206 503 45, 50 262 878
51.75 207 507 65,75 263 888
52.00 208 512 66,00 264 898
52.25 209 517 66.25 265 909
52. 50 210 521 66. 50 266 920
52.75 211 526 66,75 267 931
53.00 212 531 67,00 268 942
53.25 213 536 57.25 269 954
33. 50 214 541 67,50 270 966
53.75 215 544 67.75 271 978
54, 00 216 551 £8.00 272 990
54.25 217 556 68.25 273 1003
54, 50 218 561 68. 50 274 1015
54,75 219 566 £8.75 275 1029
535.00 220 571 9. 00 276 1042
37,25 22 597 69.25 271 1056
33.50 222 582 #9. 50 278 1070

i 35.75 223 587 £9.75 279 1084
36,00 224 593 70.00 280 1009
56,25 225 599 70.25 281 1114
56, 50 226 604 70.50 282 1130
56.75 227 ;10 70.75 283 1145
57.00 228 616 71.00 284 1162
57.25 228 622 71.25 285 1178
537. 30 230 628 71.50 286 1195
57.73 231 634 71.75 287 1213
58.00 232 640 72,00 288 1231
58.25 233 644 72.25 289 1250
58, 530 234 353 72,50 290 1240
538,75 235 659 72.75 201 1288
59.00 236 666 73.00 202 1308
59.25 237 672 73.25 293 1329
39,50 238 679 73.50 204 1350
50,74 239 586 73.75 295 1372
60,00 240 K93 74,00 296 1395
£0,25 241 700 74.25 207 1418

i 50. 50 242 707 74.50 208 1442
60, 75 243 714 4,75 200 1467
1. 00 244 722 75.00 300 1493
1,25 245 729 75.25 301 1519
H1.50 246 737 75.50 202 1547
H1.75 247 744 TH.75 303 1575
12,00 248 752 76,00 304 11504
w2, 25 240 740 76,25 305 16535
12,50 250 748 76,50 30n 1666
S2.T5 251 777 76.75 307 1509
Hh3. 00 252 785 77.00 308 1733




Elevation Pulse Height Elevation Pulse Height
Angle Count (ft) Angle Count (ft)
77.25 309 1768 82,00 328 2846
77.50 310 1804 82,25 329 2939
77.175 311 1842 82.50 330 3038
78.00 312 1882 82.175 331 3144
78. 25 313 1923 83.00 332 3259
78.50 314 19686 83.25 333 3380
78.75 315 2011 83.50 334 3510
79.00 316 2058 83.175 335 3652
79.25 317 2107 84.00 336 3806
79. 50 318 2158 84.25 337 3972
79.75 319 2212 84.50 338 4155
80. 00 320 2268 84,175 339 4353
80. 25 321 2328 85.00 340 4572
80.50 322 2390 85.25 341 4814
80,75 323 2456 85.50 342 5082
81.00 324 2525 85.175 343 5383
81,25 325 2599 86.00 344 5720
81.50 326 2676 86.25 345 6103
81.75 327 2759 86. 50 346 6540




