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PREFACE

This report briefly describes the evolution of the FAA/NBS
RVR transmissometer system into a breadboard Airport Visibility
Measuring System (ARVIS) which has been laboratory tested and which
will undergo field tests at the National Aviation Facilities Ex-
perimental Center (NAFEC) in Atlantic City, NJ during 1975.

Appendix I of this report documents in detail the development
of a Signal Data Converter Unit (SDCU) as a replacement for the
SpCU used in the FAA/NBS RVR system.

Appendix II describes an analog computer for calculating RVR.

Appendix I1 was prepared by Joseph Horner, TSC.
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1. INTRODUCTION

The Transportation Systems Center (TSC) of the Department of
Transportation is engaged in a continuing program for the Federal
Aviation Administration titled "Airport Visibility Measuring
Systems',

This report, in compliance with the Project Plan Agreement
(PPA) FAA-515, summarizes the results and recommendations on one
of the tasks under the program. The specific task reads as
follows:

"Based on the expectation that newer systems will evolve for
the measurement of RVR and probably SVR and that instrumentation
at multi-runway airports will consist of numerous and varied in-
stallations and that the periodicity of update of the observables
will increase, the inadequacy of present day signal data converter
equipment is apparent. To this end a set of performance character-
istics for an airport visibility SIGNAL DATA CONVERTER UNIT (SDCU)
shall be developed. The display of the observables shall govern
the establishment of SDCU characteristics to the extent that suf-
ficient visibility information shall be available for presentation
of operating minima associated with landing categories through
CAT III."

TSC has developed and laboratory tested a SDCU (Reference 1)
under contract* to the C.S. Draper Laboratory (see Appendix I). It
has prepared also a specification to facilitate the procurement of
an engineering prototype model for an operational test program and
submitted it under different cover. It suggested that the procurement
of an SDCU be made as part of an ARVIS including a modified 75-foot

baseline transmissometer.

-
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2. AN EVOLUTION FROM THE PRESENT FAA RVR SYSTEM TO AN
AIRPORT VISIBILITY MEASURING SYSTEM

An earlier report (Reference 2) summarizes the TSC study which
resulted in the definition of characteristics for an SDCU for use
in airport visibility measuring systems. The study objective was
stated as follows:

"Characteristics will be defined for a signal data converter
for computing visibility values from inputs from several trans-
missometers with reference to several kinds of target lights (e.g.,
centerline lights, approach lights, edge lights, taxiing lights)."

Economical and operational considerations led the TSC work to
an evolutionary process from the present FAA RVR system to an ARVIS.
The full system is expected to be reached after a 4-step modifica-

tion process (Figure 2-1).

The first step in this modification (MOD I) consists of the
modernization of present transmissometers (projector power supply
and receiver) by using solid state circuitry and components. The
second step (MOD II) will consist of, in addition to MOD I, the
substitution of the present RVR computer with a SDCU and teletype
with the capability of handling the simultaneous signals from

several transmissometers distributed along runways.

The third modification (MOD III) implies a system approach to
the airport visibility measurements and reporting. By considering
the airport as the system, all visibility measuring sensors in the
airport, all light systems used as visual cues, and sky background
luminance sensor are integrated in a true ARVIS. The ARVIS is a
software oriented system in which performance characteristics
(frequency of RVR updating, different processing of visibility data,
modification of display data in accordance to specific airport

needs, etc.) can be changed without changes in hardware.

The implementation of MOD III consists of the expansion of the
MOD ITI SDCU to a Central Processor and Control Unit (CPCU), the
replacement of the MOD I (or MOD II) receiver for one with the
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capability of internal calibration and larger dynamic range for
CAT I, II and III operation, and a slave control which is part of
the ARVIS control and failure monitoring system.

The fourth modification (MOD IV) consists of a more compre-
hensive expansion of the ARVIS MOD III system with the inclusion
of SVR and TVR data, automatic control of the airport lighting
settings in accordance with the visibility conditions, and automa-
tic transmission to the pilot of the visibility information re-
quired. This automatic transmission will eliminate the burden on
the controller to relay this terminal information to the pilot.
Nevertheless, the controller will be in parallel with this inform-
ation channel and will have the possibility to override it, if

required.



3. PRESENT FAA SYSTEM FOR RVR MEASUREMENTS

3.1 INTRODUCTION

The present procedure used by the FAA to determine visibility
at airports depends heavily on the transmissometer as an instrument
to complement and, at times, replace human observers. The evolu-
tion to a comprehensive airport visibility measuring system (ARVIS),
as discussed herein, will likewise center on the transmissometer

as the basic sensor for gathering atmospheric transmittance.

In this section a brief description is given of the entire
FAA/NBS RVR system now in use. The system includes the transmisso-
meter, the RVR computer, the RVR remote digital displays and the
RVV strip recorder and indicator.

3.2 TRANSMISSOMETER

The transmissometer, first developed by Douglas and Young at
the National Bureau of Standards in 1942, measures the atmospheric
transmittance over a fixed distance (usually 250 feet) with a light
source and a photo-detector at opposite ends of the sampled path.
First accepted for airport operations in 1952, the transmissometer
serves to measure RVR or RVV along more than 270 runways. Although
it has been modified by the addition of heaters, blowers, power
stabilizers, etc.,, the basic design and onerating principles of the
instrument have not been changed since the first transmissometers
were installed., The "Preliminary Instruction Book - Runway Visual
Range (RVR) System" (Reference 3) prepared for the FAA gives a
concise description of the transmissometer. The manual describes

it as follows:

"The transmissometer measures atmospheric transmission by
projecting a well collimated beam of light down a base line in-
stalled near the ILS glide slope transmitter building or adjacent
to the touchdown area of the ILS runway, and detecting the inten-
sity of this light in a photoelectric receiver located at the
opposite end of the baseline, The receiver translates the

3-1



intensity of the received light into a pulse rate by using photo-
electric current generated in a vacuum photo-electric cell to
charge a capacitor. When a given charge accumulates on the
capacitor, a gas discharge trigger tube connected across the
capacitor breaks down delivering a large impulse to the following
circuitry and reducing the voltage of the capacitor to a low value
equal to the extinction voltage of the gas discharge tube, This
process is repeated; the time required to accumulate this charge
being inversely proportional to the photocurrent and hence to the
light intensity. Thus, the pulsing frequency of the circuit is
linearly related to the light intensity. Through the use of an
iris diaphragm in the optical system of the receiver, this pulsing
rate is adjusted to 4,000 pulses per minute for 100% transmission,
i.e., a clear day free of smoke, dust or haze, in the baseline
path. Any such aerosol, including fog or rain, in the baseline
path reduces this light intensity and hence the pulsing rate by
absorbing or scattering light from the beam, Ideally, no extra-
neous sources of light should be permitted to enter the optical
system of the recéiver such that the pulsing rate would be zero

in the absence of a beam from the transmitter. In any actual
situation a background level of illumination exists necessitating
subtracting the pulse rate measured with the transmitter source off
and the pulse rate measured with the transmitter source on. This
background correction must be performed from time to time to take
into account changing sun position, sky brightness or weather con-
ditions which result in spurious light scattered into the receiver.
This background correction is performed manually by either
switching off the projector from the indicator front panel switch
and observing the recording milliammeter indication, or initiating
a background check sequence by pressing a button on the signal
data converter power supply and control chassis or any remote
indicator chassis connected to the signal data converter control
and power supply. More than one transmissometer may be used per
runway as required for operation at runways approved for lower

visibility operation."



3.3 RVR COMPUTER

The same manual continues: "The signal data converter computer
contains the necessary time base, clock dividers and counters to
permit obtaining a digital value for the transmissometer output,

A separate counter is used to count and store the background

count which is subtracted from the normal transmission count by
entering the complement of the background count into the trans-
mission counter prior to the 45 second period over which the
transmissometer output is counted. Transmissometer output is
counted for a 45 second period and then transferred inta a static
storage register., Three seconds later, the transmission counter
is cleared, the background complement entered, and the process
repeated, The value of transmissivity obtained through this count
is stored such that a computation of the RVR value can take place
at any time. While under normal conditions, a computation of RVR
takes place only once in 48 seconds, a recomputation is initjated
whenever a different RVR table is selected in response to a change
in runway light setting or a change in the status of the day/night
switch, These two inputs serve to select one of the six RVR tables
which are plugged into the signal data converter. Systems are
furnished either with class I tables pertaining to a 500 foot base
line or class II tables pertaining to a 250 foot base line for the
transmissometer, With a table selected, the RVR value is obtained
from the table by applying clock pulses to the input of the trans-
missivity stprage register causing it to count upward from the
value of transmissivity previously stored. The number of pulses
supplied to the transmissivity register is precisely equal to the
Capacity of the register, 2048 pulses. Thus, at the end of such

a counting-compute cycle, the value stored in the transmissivity
register is exactly the count which was originally stored in this
register. The output of the transmissivity register is translated
into a hexadecimal code and applied to the selected RVR table, an



output pulse is obtained from the selected RVR table, meaning that
the RVR value exceeds or is equal to the value represented by such
a count. This pulse output from the RVR tables is passed through
a gate and into a five bit counter. The purpose of the gate is

to prevent any pulses from reaching the five bit counter until the
transmissivity register has passed the overflow point; thus the
number of pulses entering the five bit counter is equal to the
number of RVR values which are passed between the time the trans-
missivity register overflows, and hence reads zero, and the time
it counts up to its original stored value, Thus, the count in the
five bit counter is equal to the number of the solution from zero
to 21 which corresponds to the RVR value to be displayed.

The value of the RVR is transmitted to the Remote Digital-
Display as discussed below. During the time the SDC is not trans-
mitting an RVR value, the receiver decoder transmits the value of
runway light setting received from the runway light intensity
relay box in the form of one of three frequencies with which the
line is switched to common. This switching of the line is de-
tected by the SDC and used to select the particular table required
depending on the status of the day/night switch. Up to five re-
mote indicators or computer selectors can be connected to either a
signal data converter or a receiver decoder. Additional features
of the signal data converter computer include two test provisions,
one of which substitutes a crystal clock frequency for the trans-
missometer pulse output, and the other cycles the indicators
through all the possible RVR values. In order to test all tables,
a manual table select is available in conjunction with the first
test."

3.4 RVR REMOTE DIGITAL DISPLAY

The RVR data is distributed from the RVR computer to the con-
trollers in the control tower as numerical readouts on the Remote
Digital Display Unit and then via voice link to the pilot in the
aircraft. The RVR display at Logan International Airport, Boston,
¢.g., has the capacity to monitor two runways at a time (one trans-

missometer each), as selected by runway selector switches.
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Readings range from 1000 to 6000 feet* and are updated
approximately once a minute. RVR is given in hundreds of feet
by the first two digits on the display with the third digit
indicating a '"+" (in excess of 6000 ft) or a "-" (less than
1000 ft).

Under conditions not requiring RVR computation, i.e., when
the airport's runway lights are in intensity positions "1" or
"2, an "L" appears in the third digit position of the display,
indicating that the RVR computer is inoperative because it is

not required,

The signals to the display unit are derived from the SDC as
follows, The contents of the five bit counter holding the value
of the currently-calculated RVR are decoded to yield a signal on
one of the 21 lines corresponding to the 21 solutions., These lines
are re-encoded into a modified indicator code which is used to
operate a bank of nine relays, three for each digit and three for
the symbol following the two digits. The relay contacts are
appropriately wired to route the proper positive and negative
voltages to the proper indicator terminals in order to display the
appropriate numbers. The indicators remain quiescent until a
solution is obtained at which time they are strobed for 0.75
seconds to display the new value, Simultaneous with the strobing
of the indicators, the nine bit modified indicator code is trans-
mitted in serial binary to the receiver decoder along with a
parity bit for error detection. If a parity error is detected or
the line is interrupted, the receiver decoder automatically forces
the display to read " E."

3.5 RVV STRIP CHART RECORDER AND INDICATOR

The pulse train from the transmissometer is also monitored
by the RVV indicator. This indicator is essentially a frequency
meter that converts the pulse train signal into a direct current

*This range is for a 500-foot baseline transmissometer. For 250-
foot baseline the lower RVR is 500 feet.

3-5



whose magnitude is proportional to the pulse rate. A strip-chart
recorder provides a continuous record of the indicator output

which is proportional to the instantaneous atmospheric transmittance.



4. PROPOSED VISIBILITY MEASURING SYSTEM

4.1 SYSTEM APPROACH

The present FAA/NBS RVR instrumentation has well served its
function of gathering visibility data, computing RVR values and
disseminating the information. It is clear, however, that future
demands of ever increasing traffic, lowered landing minima and
extensive automation of the landing process and information dis-
semination will require new approaches to the entire airport vis-
ibility measuring techniques. One of the approaches foreseen is
the evolution of the present RVR instrumentation into a comprehen-
sive system, increasing its accuracy, adding flexibility using a
software approach, and generally improving the quality of the dis-
seminated information as well as its output rate. The criteria to
have a software oriented system precluded the consideration of
analog computers as the data processing hardware. Nevertheless,
for some simple instrument installations, analog computers to cal-
culate RVR should be considered (see Appendix II). The ultimate
goal is to monitor and measure the visibility in all the runways
and taxiways of an airport using system concepts and state-of-the-
art equipment. TSC has proposed the development of an ARVIS to
satisfy this goal.

In the interest of continuity, to ensure that changes in the
existing visibility instrumentation will not compromise airport
safety or efficiency and to introduce changes as required, it is
proposed that these be made as a series of successive modifications
of the present FAA/NBS RVR system as suggested in Section 2.

The removal of units from the FAA/NBS transmissometers and the
replacement and/or addition with corresponding units in the four
step modification plan proposed by TSC is summarized in Table 4-1.
To avoid confusion and for identification purposes, each unit of
the proposed modifications has been identified with a unit number.
The data given in Table 4-1 with the information supplied in figure
2-1 is self-explanatory for modifications 1 and 2.
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The third modification (see Figure 2-1), MOD III, a true
ARVIS, will be the extension of the transmissometer network to
three transmissometers per runway (at touchdown, midpoint and roll-
out, and also other visibility sensors as required, for example, in
the approach zone at those airports where shoreline geography
creates rapidly changing conditions.) The number of transmissometers
and other sensors described in MOD III implies the capability of the
ARVIS, but not necessarily the actual deployment of the sensors.
The ARVIS will be configured in accordance with the specific airport
needs. In the MOD III, it is likely that a shorter baseline trans-
missometer may be introduced, and the SDCU which is part of MOD II
will have to handle the outputs of this multi-transmissometer array
and other visibility sensors. The SDCU input/output must be com-
patible with new visibility sensors. Also, it should be capable of
driving new visibility remote digital displays, satisfying system

control functions, and data logging.

These requirements lead to the expansion of the SDCU by addi-
tional units to the Central Processor and Control Unit (CPCU).
Table 4-1 identifies the units to be removed, installed, or replaced
in the FAA/NBS RVR system to reach the MOD III (ARVIS) level.
Figure 4-1 gives a block diagram of a breadboard ARVIS developed at
TSC.

Finally, the last modification, MOD IV, of the ARVIS will take
into account all the various light targets used for visual cues,
such as high intensity runway lights, taxiway lights, centerline
runway lights, approach runway lights, and other lighting systems.
It is expected that the CPCU will be able to use this information
to calculate and display TVR and SVR. Also, there may be a need in

the future to determine and display ceiling information.

The operational definition of TVR is not yet certain. Thus
the method for determining TVR is not established. 1In the case of
SVR, there may be a need for rather specialized data analysis. It
is possible that the CPCU will have to be expanded in the fourth
stage of modification to handle these increased data input-output
demands. However, there are several minicomputers available on
the market today which have expanded memories and modular architec-
ture. It appears, too, that the very near-future will bring
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minicomputers with even more capacity, more flexibility and lower
prices. Therefore, it is believed that the requirements of this
final stage in the evolution of the visibility measuring system
can be met by modular architecture and a minimum amount of addi-
tional CPCU hardware.

In MOD IV, Figure 2-1, two new functions are shown for the
overall visibility measuring system. One is a magnetic tape mes-
sage system which will send emergency or special message units to
the pilot.

The second new feature is the provision for sending visibility
information to the cockpit. The scope of this task will depend on
the form of cockpit visibility display selected and the data 1link
chosen by the FAA to handle the information.

Due to the complexities of problems to be solved in the MOD IV
which have not been defined yet (i.e., TVR, SVR, data 1link)}, hard-
ware cannot be precisely identified in this level of ARVIS. There-
fore, the purpose of indicating this level of modification is to
show that the ARVIS (MOD III) has the capability of being expanded

to take care of future operational requirements.

4.2 VISIBILITY INFORMATION

The present operational meaning of "visibility" is simply the
RVR; that is, how far along a runway, from the point of touchdown,
the runway lights can be seen. This distance, and perhaps also a
ceiling indication, represents the only information which the pilot
receives about the visual environment into which he is descending.
This provides a minimal description of landing visibility which
rapidly is becoming inadequate to meet operational needs. A number
of improvements have been suggested to complement the present RVR
information of describing airport visibility and to enhance the

significance of visibility information for the pilot.

As has been described above, an extension of the RVR concept
has been proposed in which three transmissometers are used to mea-
sure the visibility at three points along the runway. It appears

that such installations will give the pilots more information in
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patchy fog or non-uniform weather conditions. Almost as important
as the knowledge of the variation of visibility along the runway is
an indication of how rapidly it is varying. This calls for a
method of computation and display which brings attention to signi-
ficant temporal variations in reported visibility values. Included
in any attempt to handle time-varying conditions is the question of
desirable up-date intervals. Whereas at present this interval is
53 seconds, the combination of larger planes and lower landing
minima (Category II and III) seems to generate a need for faster
updating of information. A more effective interval 1is about 10-12

seconds (see Reference 4).

In addition to RVR, SVR is desirable since it is a measure of
how well the pilot can see the approach lights along the glide
path. The SVR may well be less than the RVR in cases of inhomo-
geneous visibility conditions (for example, low ceiling). Since
the SVR is the relevant information with regard to pilot orienta-
tion during approach, it should be included in any scheme for the
modification of the visibility measuring system. The FAA is
presently supporting the development of concepts and systems to

measure the SVR,

TVR would provide another piece of data for the pilot and
controller to use in forming a complete picture of airport
visibility. As of this writing, no operational definition exists

for this parameter.

Additional visibility information which must be taken into
account in characterizing the overall visibility measuring system
includes the prevailing visibility (which is dialed in by the con-
troller) and the visibility of sequenced flashing lights and

centerline runway lights.

4.3 VISIBILITY AND BACKGROUND INFORMATION AS CONTROL PARAMETERS
FOR INTENSITY SETTING OF RUNWAY LIGHTS
At present, the high intensity runway lights are set by steps
(usually three) by the controller and in accordance with the |
visibility and background conditions at the airport. The setting
chosen by the controller can be changed on specific request of the
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pilot approarching for landing. The pilot communicates via voice
with theAcontroller and asks for a reduction or an increase in the
intensity of the lights to improve his visibility under the pre-
vailing conditions at that particular time. The same is true for
the sequenced flashing lights (on or off).

In the MOD IV proposed visibility data flow system, we suggest
the use of the visibility and background information as controlling
parameters of a servo system which will control the intensity of
the lights for optimum visibility under prevailing conditions.
Provisions would be made to allow controller override of the servo
system when unusual visibility and/or background conditions as ex-
perienced by the pilot warrant such an intervention.



5. PROGRESS ON THE VISIBILITY MEASURING SYSTEM

The Optical Devices Section at TSC has been engaged since
August 1972 in the development of an experimental system concept-
ually defined as ARVIS (MOD III) (see Figure 2-1).

One of the design objectives of this breadboard system is
that the modifications (III) shall be easily implemented in the
field by means of modification units.

Development of the ARVIS system and the corresponding modifi-
cation units capable of satisfying the 1st, 2nd and 3rd modifica-
tion proceeded simultaneously.

The layout of the CPCU of the TSC ARVIS is shown in Figure
5-1. TSC is rapidly progressing to the point where field tests
of the ARVIS could begin at NAFEC in 1976. The major developments
at TSC were those relating to:

1. the modification (MOD 1) of a standard FAA/NBS 250-foot

baseline transmissometer as indicated in Figure 2-1.

2. the development of a new 75-foot baseline transmissometer
as indicated in Figure 2-1 (MOD III configuration).

3. the development of a CPCU for the MOD III configuration,
and

4., the development of an SDCU corresponding to the MOD II.

5.1 250-FOOT BASELINE TRANSMISSOMETER, MODIFICATION I

In the modification of the standard FAA/NBS 250-foot base
(MOD I) transmissometer development by TSC, the original pulse
generator, receiver simplifier, power supply (A100-6), and pro-
hector power supply (A300-1) were removed from the system. The
receiver housing and optics, the projector, the enclosures for the
receiver amplifier and the power supply were retained. A new solid
state receiver (10-R-250) mechanically interchangeable with the
original pulse generator was developed. It was designed to be used
in conjunction with the existing RVR signal data. The pulse rate
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of the 10-R-250 receiver is compatible with the existing RVR com-
puter. An additional design feature of the 10-R-250 receiver is the
utilization of a photopic filter ahead of the silicon detector.

The filter bandpass was chosen so the detector sees a wavelength
spectrum more closely matching the response of the eye of an ob-
server by rejecting a high background level in the near infrared.

It should be indicated that the 10-R-250 can be used in either
500- or 75-foot baseline transmissometers by introducing minor
optical modifications. These receivers will be respectively iden-
tified as 10-R- 500 and 10-R-75.

The original projector power supply (A300-1) has been replaced
with a solid state programmable d.c. power supply and control (12-P)
capable of providing stablized d.c. power to the projector lamp
under wide excursions of line input voltage and frequency (105-
132 V and 47 to 440 Hz) to facilitate operation under emergency
power conditions. In addition, the d.c. voltage for the projector
lamp is set at 5 V, increasing considerably the projector lamp life,
(lamp nominal rating 6 V), thus reducing system down time and main-
tenance. To further increase the lifetime of the projector lamp,
the 12-P power supply and control maintains a 0.5 V applied to the
filament when the transmissometer background is measured. The
power supply incorporates additional sensing circuits which facil-
itate the identification of failure modes in the projector system
(power supply and/or lamp filament). The failure mode identifica-
tion is basic to the MOD III system but is not active in the MOD I
or II systems.

5.2 75-FOOT BASELINE TRANSMISSOMETER, MODIFICATION III

The 75-foot baseline transmissometer in the ARVIS MOD III
system is reached by replacing and/or adding to the FAA/NBS 250-
foot base transmissometer the following units: Receiver No. 30-R-
75, Projector Power Supply and Control No. 12-B, Slave Control No.
32-S. This 75-foot base transmissometer operates in conjunction
with the CPCU described in Section 5.3.



The receiver uses solid state components, has an internal
optical calibration system, and failure mode detection circuitry.
The No. 30-R-75 receiver measures atmospheric transmittances cor-
responding to the 6000 - 100 feet RVR range.

The receiver internal calibration functions are exercised
periodically and provide optical detection and electronics check
by sequencing through several modes: atmospheric transmittance,
atmospheric background, calibration of the detector and associated
electronics and transmissometer background. This is achievable by
modifying the optical path viewed by the detector using a six stage
optical turret assembly motor driven by the command of timing cir-
cuits in the CPCU. A miniature stablized incandescent lamp (de-
rated to provide extended life operation in excess of 100,000
hours) is used as the receiver calibration source. Calibration is
achieved at 100 percent, 50 percent, and 10 percent equivalent
atmospheric transmittance through the use of neutral density fil-
ters. The receiver output calibration levels are compared with
preset levels in the CPCU to activate failure mode indicators when
the calibration levels fall outside a certain tolerance range in-

dicating that corrective maintenance is required.

The other failure modes indicate malfunctions in the receiver
heaters, heaters for the optics, the receiver blower, receiver
power supply, projector lamp and projector power supply. The pro-
jector power supply and control No. 12-B is physically the same
used in MOD I and II with a connection difference. The failure
mode circuits are connected, via the slave control No. 32-S, to the
CPCU. These circuits will indicate failure of the power supply
and/or lamp filament.

The slave control No. 32-S receives command signals via a
modem from the CPCU to exercise given functions by the receiver
and/or power supply and control No. 12-B. Also the No. 32-S trans-
mits via modem to the CPCU data failure signals and operational
mode status of the 32-R-75.
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5.3 CENTRAL PROCESSOR AND CONTROL UNIT (CPCU)

The FAA/NBS RVR System includes the RVR SDCU, RVV Strip Chart
Recorder and Indicator in the equipment room at the control tower.
The MOD I transmissometer receiver is designed to work with the
forgoing RVR SDCU directly. The MOD II System configuration, how-
ever, represents a departure from the use of the current RVR SDCU.
In their place is a new SDCU integrated by a minicomputer, an I/0
interface and a teletype.

In the MOD III the same minicomputer and teletype of MOD II
is used, but a new I/0 interface (No. 35-I) is introduced. These
three components integrate the MOD III SDCU and which is part of
the CPCU.

The CPCU (Figure 5-2) is comprised of Master Control, Photo-
metric Display, Data Recorders and Signal Data Converter. The
operation of the CPCU is governed by mode selection switches on
the Master Control. 1In the automatic mode an operational sequence
is followed and the actual particular mode of operation is veri-
fied by the slave control.

In the automatic mode, atmospheric transmittance measurements
are made over a 5 minute period followed by a 50 second atmospheric
background measurement interval. This sequence is alternately
repeated for 10 cycles and is then followed by a maintenance status
checking sequence to assure normal transmissometer receiver opera-
tion as previously described. The latter sequence 1is performed
during the last minute and 40 seconds of every hour. The time
sequence in the CPCU can easily be varied to accommodate airport
operational requirements.

The commands are transmitted to the receiver and projector
over a two wire telephone line via the Slave Control Unit which is
located near the receiver in the fields. The automatic sequence
may be interrupted at any time to initiate a specific operational
mode by depressing the appropriate Master Control Button. Once a
manual mode selection is made, it remains until another mode selec-
tion is initiated. Once the automatic mode is reselected, the
system continues to cycle as previously described. Should a



Figure 5-2. Photograph of the Central Processor and Control
Unit (CPCU) of the TSC Airport Visibility System
(ARVIS)
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malfunction occur in the monitored circuits of the transmissometer,
transmissometer receiver, projector lamp or projector power supply,
a failure signal will be transmitted to the Master Control and a
light indicator and an alarm signal will be triggered. The alarm
may be turned off if the CPCU operator depresses the "failure
acknowledge" button; however, the specific failure indicator will
remain lighted until corrective field maintenance is implemented.
The system could continue to operate but with the possibility of
system performance degradation or damage.

The Photometric Display contains LED readouts arranged in
columnar fashion. The second column, top to bottom, displays
atmospheric transmittances for transmissometers at the touchdown,
midpoint and rollout locations on the runway. These values are
processed in the SDCU and displayed in the first column as RVR
values at touchdown, midpoint and rollout. The third columnar
display indicates the instrumented background luminance level on
the runway ("automatic'" switch setting) or alternatively, a value
set in manually by the operator (i.e., bright, day, twilight or
night switch setting). The fourth columnar display contains a LED
readout indicating the specific runway monitored. A set of push-
button switches is available for the insertion of HIRL settings 5,
4, 3, or 0 into the processor for RVR computations. In the auto-
matic position, appropriate HIRL settings are fed automatically to
the SDCU for RVR computation.

In the Data Recorders section of the CPCU there is a strip
chart recorder and an incremental digital tape recorder. The strip
chart recorder allows continuous atmospheric transmittance record-
ing within .2 percent of full scale for any one of the transmisso-
meters on the runway, selectable by means of its associated switch.
Of greater significance, however, is the incorporation of a dual
Cassette incremental digital tape recorder which records all the
available photometric data and ARVIS status. The information which
is incrementally recorded every 10 seconds consists of the following:
a) time in month, day, hour, minute, and second; b) runway light
status, i.e., approach lights, sequenced flashing lights, background
luminance input mode, background luminance; c) RVR for each of the
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transmissometers; d) atmospheric transmittance for each of the
three transmissometers; and e) failure mode status for all three

transmissometers.

A software and hardware interface is supplied to read the in-
formation on the cassette and write the information on a teletype
command which activates the cassette with the computer program.

The program is read from the cassette and loaded in the SDCU. The
cassette recorder provides historical evidence of total system
conditions at all times to facilitate critical reviews of operation-

al integrity, especially in accident investigation.

The Power Supply Accomplishes power control, conversion and
distribution to the aforementioned in the CPCU.

5.4 SIGNAL DATA CONVERTER UNIT

An experimental SDCU was developed by the Charles Stark
Draper Laboratory, Inc. (Cambridge, Massachusetts) to satisfy the
MOD II configuration with the capability for expansion to a MOD III.
The detailed description of the SDCU is given in Appendix I.
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APPENDIX 1

STUDY, DESIGN AND IMPLEMENTATION OF A SIGNAL
DATA CONVERTER AND SIGNAL SIMULATOR FOR.A VISIBILITY MEASURING SYSTEM

This appendix was prepared by The Charles Stark Draper Laboratory,
Inc. under Contract DOT-TSC-460 with the U. S. Department of Transpor-
tation, Transportation Systems Center, Optical Devices Group.

Publication of this appendix does not constitute approval by the
U. S. Department of Transportation of the findings or conclusions con-
tained herein. 1It is published for the exchange and stimulation of
ideas.
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1. INTRODUCTION

Visibility information at U.S. airports relies upon indirect
measurements based on atmospheric transmittance sensors (transmissome-
ters) and its associated dedicated hardwired-logic controller-computer.

(1,2) of a comprehensive integrated airport runway

The planned evolution
visibility measuring system envisages a multi-sensor system requiring a
greatly expanded data acquisition, computation, logging, and display

capability compared to the current FAA system.

There are many compelling motivations for using a programmable
minicomputer instead of special-purpose hardwired logic. One of these
motivations is the flexibility afforded by programmable systems. The
software system contains the details of the application which are
subject to substantial change during evolutionary development, and
even from one operational facility to another. Such software systems
also permit the writing of diagnostic programs that can be used for
the efficient debugging of the hardware system. Because of the inter-
dependence between the hardware and software portions of a system, the
system offers a high potential for growth, and associated with this, a
much longer useful life. Most real-time applications of this type are
dynamic in nature. Each successful application often reveals other
associated applications that are economically, technically, or adminis-~
tratively desirable. Programmable systems provide the flexibility to

economically accommodate these dynamic system requirements.

Despite their flexibility, contemporary programmable systems
often represent the lowest cost implementation. This is probably the
most important motivation of all for using minicomputers. The use of
general-purpose integrated components made in large quantities is the
main reason for this cost advantage. Mini- and microcomputer (or
microprocessor) technology is currently extremely dynamic, primarily
because of advances in semiconductor component manufacturing technology.

It has been predicted that entire processors will be fabricated on one



chip at a cost of perhaps $10 to $20. Present-day cost is hardly much
higher. This is completely within the realm of possibility today.

The trend is toward increasing capability and lower costs for the main
frame, central processing units, and I/O structures, and further
improvement in the price/performance ratio of the future computer

peripherals.

The following sections describe an investigation into some aspects
important to the implementation of a minicomputer-based airport visi-
bility measuring and control, data-logging and display system. The

tasks included the following:

(1) Derivation of efficient algorithms for RVR.
(2) Accuracy versus wordlength trade-off studies.
(3) Conceptual design of software for the planned

evolutionary visibility measuring systems.

(4) Design and construction of an experimental minicomputer
based visibility-measuring Signal Data Converter Unit

(SDCU) with simulated sensor inputs.

(5) Design and implementation of software for the experi-

mental systems.
(6) Characterization of computer input and output data.

(7) Specification of a minicomputer portion of the SDCU
and associated interface to implement the planned

visibility system.

The design and construction of the experimental simulator-
interface and associated software was useful in identifying special
problems and served as a guide to the conceptual design of software
and the specification of hardware for the planned visibility system. In
addition, it demonstrates the flexibility and scope of a minicomputer-
based SDCU in this application. The software developed for the
experimental system may be thought of as the prototype of that
required for the planned evolutionary system; it contains all submodules

required for the eventual systems.

Software design and accuracy trade-off studies are extremely
important tasks in the subject application. Another important task
is the question of a cost-effective way of providing sufficient redun-
dancy in the system to facilitate uninterrupted service by various

measures such as the provision of complementary items, detection and



appropriate action on the occurrence of anomalous and faulty system
operation conditions, etc. Efficient software and thorough trade-off
studies lead to a cost-effective specification for the minicomputer
configuration and its associated interface. Substantial investigative
effort in the above areas is justified because it is a one-time task,
while multiple hardware units will be deployed when the eventual

operational system is implemented.



2. DETERMINATION OF RUNWAY VISUAL RANGE (RVR)

2.1 INTRODUCTION

RVR is the maximum distance along the runway in the direction of
take-off or landing at which the runway, or the specified lights, or
markers delineating it, can be seen from a position above a specified
point on its center line at a height corresponding to the average eye
level of the pilot at touchdown. The calculation of RVR is based on
the measurements of the atmospheric transmittance over a specified base-
length by transmissometers located along the runway. The value of RVR
that is reported is the higher value of RVR based on either the sighting
of high-intensity runway lights or the sighting of the runway markers

by contrast.

In this section, various aspects related to the calculation of
RVR using fixed-point limited-wordlength arithmetic are considered.
Allard's and Koschmieder's laws used in the calculation are described
in Subsection 2.2. Algorithms for the calculation of RVR and the accu-
racy characteristics of the RVR calculations are considered in Sub-
section 2.3 and 2.4 respectively. The effect of limited-wordlength
fixed-point arithmetic on the accuracy of RVR determination is consid-

ered in Subsection 2.5. Conclusions are presented in Subsection 2.6.

2.2 COMPUTATION OF RVR

The computation of RVR is based on either of the relations:

€ = (tb) G (Koschmieder's Law) (1)
or
B, = —L . (tb}V/br (Allard's Law) (2)
(V/5280)
where
V = RVR, in feet.

o
I

baselength of transmissometer, in feet.

I-4



t = atmospheric transmittance over baselength b (0 < tb <1).

b
e = visual-contrast threshold.
Et = visual-illuminance threshold cof pilot, in mile-candles.

= intensity of runway lights, in candles.

Equation (1) represents Koschmieder's law, and is based on using
contrast between an unlighted object and its background as a criterion
for its wvisibility. Usually a contrast threshold of 5% is used for
RVR calculations. Equation (2) is Allard's law for visibility of
lighted sources such as runway lights. Unlike Koschmieder's law, the
illuminance threshold is not constant, and depends on the background
luminance, B. An empirical relationship between the two has been estab-
lished by Blind Landing Experimental Unit (BLEU) and is given by

log Et = 1.3733 + 0.64 log B (3)

where
B = Dbackground luminance, in candles/ftz.

During good daytime visibility, the runway or its markings are more
readily sensed by the pilot than runway lights, whereas the reverse is
true during nighttime and most daytimé fogs. This is reflected in the
value of RVR obtained using either of the laws of Eg. (1) and Eq. (2).
Thus, for RVR reporting, the higher of the two computed values is

chosen.

Logarithmic transformation of Eg. (1) and Eq. (2) yields the

following computationally convenient forms:

v = gfégg%ﬁ- (Koschmieder's Law) (4)
og ty
and
£(v, tb’ I, Et’ b) = 0 (Allard's Law) (5)
where
1 1 v
£(v, tb’ I, Et’ b) = 3 log Et -3 log I - log 5280 + log V - Eg-log tb

RVR for a given tb’ over a baselength b, B, and I can be obtained by
choosing the higher RVR solution of Eg. (4) and Eg. (5). Koschmieder
RVR can be evaluated explicitly in terms of b, €, and tb using Eq. (4).



On the other hand, the evaluation of Allard's RVR involves solving
Eg. (5) which is a nonlinear implicit functional relation between V

and data inputs b, tb' E and I. A number of iterative schemes, of

’
varying degrees of complZXity are available in the literature to solve
nonlinear equations of the type £ = 0. The following subsection con-
siders some of these algorithms in the context of Eq. (5). 1In Subsec-
tion 2.3, we shall primarily restrict our consideration to finding

efficient algorithms for computing the solution of Eg. (5).

2.3 ITERATIVE ALGORITHMS FOR ALLARD'S LAW

2.3.1 Iterative Algorithms

Figure 2-1 shows plots of £(V) for four different values of tb

and a given set of values for b, E and I. The first and the second

tl
derivatives of f£(V) are:

- L

1
£'(v) = ‘—]' 2b lOg tbl (6)

1
T’ = - —=. (7)
V2

The function f(V) is a well-behaved function of V,* possessing a
unique zero, and its slope and higher derivatives do not change their
sign with variation in V. These features are important in the consid-

eration of iterative schemes to find the zero.

We restrict our consideration to single-point algorithms of the
type

Vigr = Vi 7oy E(Vy) (8)

which utilize the information from f£(V) and its higher derivatives at
a given point. oy is a multiplying factor to be suitably chosen.

With such algorithms, it may be easily ascertained that convergence to
the zero is assured for any initial guess of V, as long as both Vi

and o, are greater than zero. On the other hand, convergence is not
readily assured in case of multi-point algorithms, which utilize

information about the function at more than one point.

Except near the singularity at vV = 0, where the value of f£(V) tends

to minus infinity. By posting a lower limit on the range of variation
of V, the singularity and the attendant problems are easily avoided

in numerical computations. The limit can be as low as 1.
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Figure 2-1. Plot of £(V). Allard's law satisfies when f(V) = 0.
By posting a lower limit on the range of variation
of V, the singularity and the attendant problems are
easily avoided in numerical computations. The limit
can be as low as 1.



Three single-point iterative algorithms considered here for the

solution of Eq. (5) are:¥*

Vi+l = Vi - f(Vi)/f'(Vi) (9)

Newton-Raphson Method

\Y Vi o~ u(Vi)/u'(Vi) (10)

i+l

u(v;) £(V) /£ (V)

Modified Newton-Raphson Method,

and

1
1/2 u(Vi)f"(Vi)

V. + V., = u(Vv,)
i i

i+l (11)

1 -

f'(Vi)

Halley's Method.

The estimate of zero of f(V) is improved by utilizing the information
about the value of the function and its slope at the present estimate
in the case of Newton-Raphson (N-R) method and also additionally
utilizing the information about the curvature in the case of the other

two higher-order methods.

Substituting for the values of f'(Vi), f"(Vi), u(Vi), and u‘(Vi)
in Egqg. (9) to (11), we get:

Vi+l = Vi - aif(vi), (12)

Vi

ar - Si ( Vi )
1l - b log tb
where

Bi = 1 for N-R method, (13)
B, = Lo for modified N-R (14)

1 + method,

*
Further details on the derivation and the performance of these
algorithms are given in Appendix A.



Bi = L s for Halley's method. (15)

1+ 1/2 ( Vi )2
l—-z—b-logtb

The multiplying factor B for modified N-R and Halley's methods takes

into account the curvature of the function.

For assured convergence, both oy and Vi should be greater than
zero. Further restrictions on the magnitude of Bi and Vi need to be

imposed as shown below to meet the above requirements.

Vi >0 for N-R method (16)
v, > 0, ]
‘ for modified N-R method (17)
Bi>Y>0
Vi > 0,
for Halley's method (18)
B. > vy >0

The limit y is to be suitably chosen in Eq. (17) and Eqg. (18). A further
restriction on the maximum value of Vi may be required to prevent over-

flow during the fixed-point computations.

2.3.2 Selection of an Algorithm

The order of convergence (i.e., how fast the convergence is) could
form the basis of choice for the selection of an iterative algorithm.
However, it is more realistic and meaningful to compare the computational
efficiency, which measures the total amount of numerical computations
that need to be done to arrive at a given accuracy in finding the zero.
The total amount of computations depends upon the initial estimate,
numerical computations (sometimes termed as cost) per iteration and
total number of iterations necessary to arrive at a given accuracy in
finding the zero. The numerical costs associated with the three algo-
rithms are of the same order, since the increase in the computations
involved with modified N-R and Halley's methods is very small. The
total number of iterations required depends on the initial estimate, the
order of accuracy required, the order of convergence of the algorithm,
and the nature of f£(V). It may seem from Figure 2-1 and Eg. (7) that
f(V) is nearly linear except at low values of V. Thus, it may be ex-

pected that the performance of the three algorithms would be similar.



Table 2-1 shows the results of a convergence study of different
algorithms carried out on a digital computer.* RVR is computed for
eight different values of transmittance, tb’ over a baselength of
60 feet. Et = 2 mile-candles and runway high-intensity light of
10,000 candles. The starting guess for all iterative schemes is
1000 feet. Table 2-1 lists the values of RVR V(I) at different stages
of iteration, I, for four different algorithms. The table includes
Method 2, which is a variation of the two higher-order methods de-
scribed in Subsection 2.3.1. Appendix A includes the description, in-
cluding the derivation of Method 2. The exit criterion employed for
this study is given by |AVi|_§lO'4. For the modified N-R.method and
Halley's method, Y = 0.5 was employed. The following observations

are made with respect to the above study:

(1) For low-transmittance values (low RVR) the performance of
all four methods is nearly similar, with that of the N-R
method slightly better than those of the other three methods.

(2) For high transmittance values (high RVR) the three methods
using the second derivative perform slightly better than
the N-R method. As expected, for initial guesses far off
from the actual RVR, the next iterates are much closer to
the actual RVR for these methods than for the N-R method.
The performance of the modified N-R method is slightly

superior to the other three methods.

(3) The selection from amongst the four methods would primarily
depend upon the level of accuracy specified. For example,

for the high accuracy of the order of 10-4

used for study,
the number of iterations needed to reach this high accuracy
are roughly the same for all methods. However, for low
accuracy requirements, the number of iterations for the
three methods using the second derivative are slightly less
than that for N-R method. However, for these higher-order
methods, this slight advantage in the total number of
iterations is offset by the small increase in the numerical

cost per iteration.

One of the conclusions that emerges from the above observations
is that there is not much to be gained by way of convergence and com-
putational efficiency in going from the simpler N-R method to the
higher-order methods such as modified N-R or Halley's methods.

*Because of the nature of the study, floating-point arithmetic was used.
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2.3.3 Steps for an Algorithm to Compute RVR

An iterative algorithm based on Eg. (12) to (18) is described in

the following. The algorithm computes RVR based on E

I, and t,.

t’ b

The algorithm consists of the following steps:

(1)

(2)

(3)

(4)

For data inputs E calculate log E log I,

log t

ny I, and tb' t;

b and fk where fk = 1/2(log Et - log I) - log 5280.

Consider an initial guess V_, for RVR which may be based

0
upon the previous or old RVR calculated, or may be a fixed
quantity.
Calculate
V., log t
- _ i b
£, = log vy 2b
and
f(Vi) = fk + fV
Calculate
Vlf(Vi)
Avy = B A '
l—-%logtb
with
Bi = 1 for N-R method,
B, ® —i
1 1+X for modified N-R method,
X>y -1
1
B. =
i 1+ %
for Halley's method,
X
227
where
£(v.)
X = i

Vi )2
(1 - 5% log tb

and Y is a given positive number.



(5) Calculate

Vigr T Y5 T AV

subject to the restrictions,

\%

. <V
min —

. < V
i+l — max

where V_. and V are given.
min m

ax

(6) Check if a given exit* criterion is satisfied. If not, go
to Step (3).

(7) The RVR so calculated is Allard's RVR, say VA' Calculate
V.

K’ Koschmieder RVR from

v - b log e
K lot tb

and where
e = 0.05.

For RVR reporting, choose the highei of the two values,

VA and VK.

2.4 RVR COMPUTATION ACCURACY

Accuracy characteristics of RVR computations are considered in
Subsections 2.4.1 through 2.4.3. Error in the determination of RVR may
arise due to error measurement of input parameters Et’ I, and tb’ and
due to truncation errors in the arithmetic involved in the calculation

of RVR from Allard's law and Koschmieder's law.

2.4.1 Allard's Law

Let V represent the RVR for a set of input data Et’ I, and t

Consider a change in data inputs to Et + dEt’ I + dI, and tb + dtb.
Corresponding change dV, in the value of RVR, is given by

I
o

f(v + 4av, Ey + dEt, I + dI, tb + dtb) - £(v, Et’ I, tb)

or

Since exact RVR is not known, the exit criterion may be based on how
close to zexro either f(Vi) or AV.l is satisfied.



dE
1 t 1 dar av
5 log(l + iﬁj) -3 log(l + T )+ log(l + v )
dt
\% b av _
- 75 log(l + 7%:) BT log(tb + dtb) = 0.

The change in RVR can be explicitly evaluated from the above expression

if the percentage changes (or errors) in the nominal values of Et’ I,

and tb are small. Thus, we get:

zl(d_l_w_t)+;.di
av Vv I E b tb
S5 = (19)
£'(V)
where
1 1
£f'(v) = g —2-Elogtb

Equation (19) relates the effect of errors in I, Et, and tb on
the determination of RVR from Allard's law. The following observations

may be made with respect to Egq. (19).

(1) The percentage error in RVR is inversely proportional
to £'(V), the slope of f£(V) at its zero. It may be seen
from Figure 2-1 that the slope is larger at higher values
of RVR. Thus, a given percentage in the input data, Et’
I, and tb leads to a larger percentage change in RVR
during high RVR conditions and a smaller change during

low RVR conditions.

(2) Larger percentage errors can be tolerated for I or Et than
for tb because of the weighting factors V and b involved
in each case. The effect of errors in I or Et becomes

unimportant during low-visibility conditions.

(3) For large tb (or large V),
av . d(log tb) o)
v log t

b

2.4.2 Koschmieder's Law

By differentiating Eg. (3) we obtain the following relationship

between dV and tb.



d(log tb)

vV T T TTog £, (21)

It may be noted that the effect of errors in tb is similar for both

Koschmieder's and Allard's laws during good visibility conditions.

2.4.3 Effect of Truncation Error

Error in the computation of a logarithm function is the major
source of error, due to loss of significance in the calculation of RVR.
Equations (19) and (21) also may be utilized to predict the effect of
truncation error in the computation of the logarithm of V and the input

I, and t,. Thus, for Allard's law we get:

values E b

tl

1 1
av _ 2v [d(log I) - d(log Et)] + 5 d(log tb)

£ (V)

The effect of wordlength and truncation on the accuracy of RVR deter-

mination is considered in Subsection 2.5.

2.5 FIXED-POINT COMPUTATION OF RVR

In fixed-point calculations suitable scaling of numbers becomes
necessary to avoid the overflow or loss of significance likely to result
during the arithmetical operations on numbers whose magnitudes may vary
over a wide range. The numbers can be scaled up or down by the use of
a suitable multiplying factor chosen to satisfy the significance re-

quirements needed in the arithmetical operations.

The most involved calculations in the computation of RVR arise in
the calculation of logarithms of various quantities such as Et, I, tb’
and V. It has been shown in Subsection 2.4 how the accuracy in the
determination of RVR is affected by the loss of significance due to
truncation in the calculation of logarithm of input quantities E . I,
and tb. The loss of accuracy can be avoided or kept to a minimum pro-
vided unlimited wordlength is available for the fixed-point arithmetic
and a suitable scaling is adopted. However, in case of limited-
wordlength arithmetic, the magnitude of the scale factor and conse-
quently the accuracy attainable are governed by the overflow problems

associated with the limited wordlength.



The rest of the section is devoted to the consideration of:
(1) Scaling and its effect on the accuracy of RVR determination.

(2) Overflow problems associated with scaling and the measures

to avoid overflow during RVR computations.
(3) Order of accuracy attainable for a given wordlength.

A limited-wordlength integer arithmetic is assumed in the discussions

that follow.

2.5.1 Scaling

Consider a scale factor of 2° associated with the computation of

RVR laws. By multiplying Eg. (5) by 2° we have:

S S 5]

25F(v) = % 2° log E_ - % 2% 1og I - 2% log 5280
+ ZS log V - LA 25 log t (22)
25 b

The operations of addition, subtraction, multiplication, and division
are carried out in single-precision-integer arithmetic in the evaluation
of 2Sf(V).* The evaluation of the logarithm of E._, I, t_, and V is
further assumed to be handled by a software routine that employs an
efficient high-accuracy algorithm employing integer arithmetic.
Appendix B describes such an algorithm for calculating the logarithm
of an integer. It is also shown that the order of accuracy associated
with this algorithm is approximately 2—(N_5), where N = length of the
computer word that represents a single-precision number, including a
bit for the sign. Thus, the error in the scaled-integer representation
of a logarithm of a number, such as 2% log I, is of the order of 278
for s < N - 5, and represents the dominant source of error in the RVR

calculations.

We shall consider the error introduced in the determination of
RVR due to the truncation in the calculation of logarithm. Let V
y I, and tb' The
change in the value of £(V) due to the error in the logarithm of this

represent the correct RVR for a set of input data E

set of data is given by

An operation, such as I + J/K, involving multiplication and division
among single-precision numbers may be considered a single operation,
provided the single-precision-integer arithmetic associated with the
computer provides a double-precision product of I and J, which in

turn is used as a double-precision dividend for the divide operation
by K. Most of the computers have such a hardware or software capabil-

ity associated with the single-precision multiply and divide operations.
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1
EA(Z

S

s == L s _ V., .,8
27df = EA(Z log Et) log I) 2bA(2 log t,), (23)

where A represents the truncation error.

1f 25ar > 1, this leads to an error in the RVR determination.
The error, dV in the value determined by RVR algorithms due to this
error in df can be estimated to first order in dV from the relation:

S S
dv(g— - 2 10g tb) = -2%af

i+
)

2V 2b (24)

The right-hand side of Eg. (24) represents the change in £(V) due to

dV necessary to cancel the effect of truncation error in the calcula-

tion of the logarithm of Et’ I, and tb' From Eq. (23) and Eq. (24) we
obtain:
\% S 1 ] 1 S
1+ 5 (27 log tb) + 5 (27 1log Et) -3 (27 log I) (25)
av =
s s
2 2
¥ T 9

Now, the magnitudes of 2% log tb’ 2° log E and 2° log I are all less

than 1. Thus, for V > 2b,

tI

v 1
av. = SpETV -5

(26)

Equation (26) represents the order of accuracy associated with fixed-
point calculations for determining RVR from Allard's law. The order
of accuracy is seen to depend upon the order of significance retained
in the logarithmic representation of numbers and upon the value of the
atmospheric transmittance, which in turn determines the slope of the

function and the magnitude of RVR. For V >> 2b, i.e., large t

bl
S L
25
av = ISE_E; (27)

Table 2-2 gives, for four different transmittances, both the pre-
dicted as well as the actual RVR errors for different scale factors in
the calculation of RVR from Allard's law. The related RVR parameters
are Et = 2 mile-candles, I = 10,000 candles, and b = 60 feet. The
numerical computations for actual RVR errors were carried out for a

16-bit-wordlength integer arithmetic. The actual and predicted error
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values seem to be roughly of the same order (bearing in mind that

Eg. (26) gives only the order of errors expected).

The loss of significance and, consequently, the error in RVR de-
termination can be held down by using a scale factor as large as is

feasible.

2.5.2 Overflow Problems

The upper limit on the magnitude of the scale factor is governed
by overflow problems associated with large numbers for a limited-

wordlength arithmetic.

Table 2-3 shows the magnitude of overflow problems associated with
the computation of RVR. It shows the data inputs and various quantities
that enter into the computation during a Newton-Raphson algorithm for
Allard's law. Also shown are the associated lower and upper limits
within which the values of these quantities would lie, assuming a scale
factor of 1 for the quantities involving logarithms. The quantities
V log tb/2b and f£(V) may attain a value as high as 2P - 600, assuming
that scaling is employed for calculations. Such high values may be
obtained during an iteration at low values of tb coupled with high
values of V (see Figure 2-1). High values of V may result, due to a
poor initial guess for V, or may be obtained during iterations if a
higher-order algorithm, such as modified Newton-Raphson or Halley's

algorithm, is used with a low value assigned to Y.

To prevent overflow, we regquire 25600 < 2N_l, where N is equal to
the number of bits in a wordlength used for a signed binary representa-
tion of a number. This requires s < N - 10. Thus, for a 1l6-bit word-
length, s should be less than 6. It may be seen from Table 2-2 that the
accuracy in RVR associated with s = 32 is poor at high values of ty-

For example, at tb = 0.91 and V = 5400 feet, the error in RVR is about
24%, which is a high value indeed. However, accuracy may be improved
by using larger scale factors provided proper precautions are taken
such that higher values of V are avoided during intermediate iterations
at low values of tb' Otherwise, it may become necessary to use larger-

wordlength arithmetic or floating-point arithmetic.

A few observations on the question of overflow and convergence
are considered below, before going into the consideration of measures

to avoid the overflow problems.
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(1) At low t, and high RVR

b

R

£(V) V log tb/2b = a,

and

£'(V) = log tb/2b = a/v,

thus, for a Newton-Raphson method

AVi > -Vi, and Vi+l =~ 0.

(2) Convergence to a correct value of RVR is assured using an

iteration scheme of the type:

Vi+l = Vi -y 51gn(f(Vi)), e; > 0.
(3) To prevent overflow, we require:
25¢(v) < 2V, s <N - 5.

This in turn implies:

1

-2%V log t./2b < 2N - 2%(5, + log V).

From Table 2-3:
2°(£, + log V) < 2% x 0.43 < s,

Thus, to prevent overflow, at all stages of iteration we

require
s
-2"V log tb

to be less than K, where

2.5.3 Modification to RVR Algorithm

The above discussion suggests the following modifications to the

RVR algorithm for Allard's law described in Subsection 2.3:
(1) set -v -+ 251og t,/2b = K, if -V - 2%10g t,/2b > K, with

Kk = oN-1 _ ,s-1

and



(2) Set B = vy if B < vy, vy >0
for modified Newton-Raphson and Halley's algorithms.
The value for y is to be appropriately selected to assure
convergence without any overflow problems that may arise

at a low value of Y.

It is easy to ascertain,in the light of earlier observations, that
the convergence of the modified RVR algorithm for Allard's law is as-

sured without any overflow problems.

2.5.4 Wordlength and RVR Accuracy

With the modifications incorporated into an RVR algorithm as dis-
cussed in Subsection 2.5.3, higher accuracies in RVR can be achieved for

a given wordlength by using larger scale factors.

Figures 2-2 to 2-4 show the effect of limited wordlength on the
accuracy of RVR calculated from Allard's law using fixed-point arithme-
tic and a scale factor of 2° with s = N - 6. Figures 2-2 and 2-3
correspond to nighttime conditions (Et = 2 mile-candles) whereas Fig-
ure 2-4 corresponds to bright daytime operations (Et = 2600 mile-
candles). The runway light intensity, I, is equal to 10,000 candles

and the transmissometer baselength is equal to 60 feet.

Figures 2-3 and 2-4 show the percentage errors in transmissivity
that arise due to truncation in the calculation of its logarithm em-

ploying 12-, 14-, and l6-bit-wordlength arithmetic.

Besides the errors due to truncation during RVR calculations,
additional errors arise in transmittance during its measurement and
transmission. The accuracy required in the calculation of RVR is
further governed by the decision, control, and display requirements.
Thus, the question of the choice of a suitable wordlength for the sig-
nal data converter is integrally related to the rest of the RVR system
as well. However, it is possible to make several observations on the
wordlength required, without having to consider the accuracy of the
rest of the RVR system. Thus, 12-bit wordlength for RVR calculations
may be ruled out due to high errors and inadequate range (-2048 < num-
ber < 2047) available for calculations. On the other hand, 16-bit
wordlength seems to be cost-effective in providing adequate accuracy
for RVR calculations and adequate range (-32768 < number < =32767) for
the representation of a number. A recent survey of minicomputers(l)

indicates that more than 80% of the minicomputers available in the mar-

ket have a 1l6-bit wordlength.
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Truncation error in RVR due to limited wordlength
in fixed-point arithmetic calculations of RVR
using Allard's law for four different values of
atmospheric transmittances t, (and associated
correct RVR) with Ef = 2 mile-candles, I =

10,000 candles, and baselength b = 60 feet.
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Figure 2-3. Plot of AV(%) vs t (2) for nighttime conditions
showing the dependénce of truncation error in
the calculation of V on the atmospheric trans-

mittance tb for four different word-bit lengths.

2.6 SUMMARY AND CONCLUSIONS

Different aspects related to the determination of RVR have been
discussed in this section. Efficient algorithms are developed for the
computation of RVR from Allard's and Koschmieder's laws using fixed-
point limited-wordlength calculations. It was shown that the order of
accuracy attainable for a given wordlength is limited by two factors:
errors due to truncation in the computation of the logarithm of atmos-
pheric transmittance, and the overflow problems associated with limited
wordlengths and large numbers. It was shown that the accuracy in the
determination of the logarithm of a number using fixed-point arithmetic
oN-5

is of the order of , where N = number of bits in the signed binary
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Figure 2-4. Plot of AV(%) vs t,_ (%) for daytime conditions
showing the dependénce of truncation error in
the calculation of V on the atmospheric trans-
mittance tb for four different word-bit lengths.

representation of a number. Relations were derived to project the or-
der of accuracy available for a given visual environment and transmis-
someter baselength. It was seen that 12-bit wordlength does not meet
the range requirements for the representation of a number and, more-
over, the accuracy attainable with such a wordlength may be unaccept-
able. A 16-bit wordlength provides adequate range for the representa-
tion of a number and the accuracy available in the determination of
RVR seems acceptable. Suitable measures necessary to achieve the
projected order of accuracy, global convergence, and prevention of
overflow during calculations were discussed for incorporation in the

RVR algorithms.



3. VISIBILITY SYSTEM SOFTWARE

3.1 INTRODUCTION

This section describes the basic software modules required to
implement a new airport visibility measuring and data-acquisition

system described in more detail in Reference (1).

The design of the system software accounts for a variety of
system configurations that may exist at different airport installations
now and in the future. It is envisaged that the software package for
a particular installation could be assembled by putting together the
relevant software modules for each component and phase of operation

of the system.

3.2 BASIC SOFTWARE PACKAGE

The basic software package is shown in Figure 3-1. It consists
of three primary modules—VISIB, LKSERV, and EXECUT and two supporting
modules ARITH and IOPKG. VISIB is a basic module that handles input,
output, control, and calculations for the visibility system installation
with the support of LKSERV, EXECUT, ARITH, and IOPKG.

LKSERV is primarily a time-keeping routine, servicing the inter-
rupt requests generated by the real-time clock. It automatically updates
the time of day and date after they are initially entered into the
software from the executive program EXECUT. It is also used to clock
I/0 operations such as the transmissometer pulse count. LKSERV also
provides a software interrupt to flag a status change in the runway-

selector switch located on the display console.

EXECUT allows real-time software flow control through teletype
command and response repertoire. Included is a test mode to check the
modules VISIB, ARITH, and IOPKG. Visibility parameters are entered
through the keyboard for test purposes. A diagnostic printout on the
teletype is included. EXECUT also provides the necessary flexibility



to update basic visibility parameters through a teletype input mode.
Commands to interrogate the current time and date are included.

VISIB

LKSERV

EXECUT

ARITH

10PKG

BASIC VISIBILITY
SYSTEM PACKAGE

TIME KEEPING
PACKAGE

EXECUTIVE
PACKAGE

ARITHMETIC
PACKAGE

1/0
PACKAGE

Figure 3-1. Primary modules comprising an airport visibility
system software developed by the Draper Laboratory.

ARITH is a software math package to implement those functions not
handled by hardware. 1Included are fixed-point multiply, divide, loga-
rithm, and normalize. The ARITH module described in Appendix C was

specifically developed for the experimental simulator-interface

described in Section 5.



IOPKG is a software module to handle interface I/0O communication.
Appendix D contains a description of TTYPKG developed to permit I/0 in

various formats for a teletype interface.

These software modules are described in detail in the following

subsections.

3.3 VISIB

VISIB constitutes the backbone of the airport visibility system
software. As shown in Figure 3-2, it consists of four modules serving

the following fuhctions:
(1) Data input from visibility system sensors.

(2) Calculations to evaluate runway visual range (RVR), slant
visual range (S8VR), taxiway visual range (TVR), and ceiling

in advanced modules.
(3) Output to displays, data logging, and system controls.

These four modules service more than one external device or
sensor. For example, INPUT handles input data from the transmissometers,
the TVR, SVR, and ceilometer sensors, and runway light intensity
setting, etc. The modules consist of submodules, each handling a
specific device or sensor. Dummy submodules replace the original when
the device or sensor is nonexistent. New or replacement sensors are

easily provided for through submodular software addition or replacement.

Subsections 3.3.1 to 3.3.4 further describe the four modules con-
stituting VISIB. The software submodules associated with the evaluation
of SVR, TVR, and ceiling, are sketched only briefly, since these systems
and associated calculations are currently in various stages of investi-
gation and development and consequently not well defined. 1In all
probability, the data reduction for SVR and possibly ceiling will be
performed by dedicated instrumentation and the result simply handed on to
the above-referenced software for subsequent display. By contrast, the
operations required to reduce tranmissometer data to visibility infor-
mation is well documented and based upon the software described in

Appendix C for the experimental simulator-interface.

3.3.1 INPUT

INPUT (see Figure 3-3) reads data from external sensors and devices
and is stored until new data is read during the next input cycle. The
operations of the submodules are explained in the following: TRIN (see



Figure 3-4) handles transmissometer pulse-rate data input. The atmos-
pheric transmittance is averaged over a period of TW seconds. This is
done by a pulse count over this period, handled by interface hardware.
Alternative transmission modes of transmittance data would require a
software modification.

( VisiB )

OUTPUT

CONTROL

Y

‘ HALT )

Figure 3-2. Basic airport visibility system package which handles
during an update cycle: data inputs, calculations,
transmission, recording display, and control functions
associated with the system.



‘ INPUT ' INPUT ROUTINE

Y

TRIN TRANSMISSOMETER INPUTS
L

RINTIN RUNWAY LIGHT INTENSITY
Y

BGILIN BACKGROUND LUMINANCE
¥

RSELSW RUNWAY SELECTOR SWITCH
’

SVRIN SVR INPUTS
v

TVRIN TVR INPUTS
v

CEILIN CEILOMETER INPUTS

Y

( RETURN )

Figure 3-3. Routine to input data.



TRIN

NO

FSTIME =0
INCREMENT
CTRFLG

FIRST TIME WINDOW?

SIGNAL TO TIME ROUTINE
LKSERV TO START TIME
WINDOW

YES

READ PULSE COUNT OF
ALL TRANSMISSOMETERS

INCREMENT
CTRFLG

CTRFLG =0
?

RETURN

STALL TILL WINDOW
ELAPSES

SIGNAL TO INTERRUPT
SERVICE ROUTINE
LKSERV TO START
TIME WINDOW

Figure 3-4. Transmissometer data input routine.



TRIN also decides when to start the time window for the pulse
count. The actual enabling and inhibiting of the pulse count is
handled by the time-keeping routine LKSERV, which services the real-time
clock interrupt. Communication between TRIN and LKSERV is achieved
through the flags CTRFLG and INFLAG. Setting CTRFLG flags LKSERV to
enable the pulse count. LKSERV inhibits the count after TW seconds,
and sets the flag INFLAG. When the pulse count begins, the VISIB
program flow resumes through the basic cycle, INPUT, CALC, OUTPUT,
and CONTROL, before returning to INPUT and TRIN for the start on the
next time window. If the previous time window has elapsed (determined
by the status of INFLAG), the pulse count of all transmissometers is
read and the flag CTRFLG set to flag LKSERV to enable the pulse count
once again. If the time window has not elapsed, the program waits.

A provision has been made to prolong this waiting period every time
VISIB is entered (such as at start-up or from EXECUT) when no previous
pulse count is available. The timing relationship of these operations

is shown in Figure 3-5.

RINTIN (see Figure 3-6) establishes the runway-light intensity
for each runway, reading data from the intensity setting switch or from
a light-intensity monitor. The nominal light intensities associated

with each setting are available in the software.

BGILIN (see Figure 3-7) establishes the visual illuminance thresh-
0ld (in mile-candles) either as a discrete level or a continuous meas-

urement.

RSELSW (see Figure 3-8) reads the runway-selector switch on the
display console. SVRIN, TVRIN, and CEILIN (see Figures 3-9 through
3-11) read data from the slant visual range, taxiway visual range, and

ceilometer instrumentation.

3.3.2 CALC

CALC (see Figure 3-12) processes the visibility system sensor

data to provide a measure of RVR, SVR, TVR, and ceiling, characterizing

the visual environment.

RVRCAL (see Figure 3-13) evaluates the RVR corresponding to each
measurement of transmittance, background luminance, and runway-light
intensity. The RVR values are stored until recalculated in the next
cycle. RVRCAL is serviced by ITER (see Figure 3-14) which evaluates

RVR using either Allard's Law or Koschmieder's Law.



START END START
COUNT COUNT COUNT
TIME WINDOW
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INPUT CALC OUTPUT INPUT

|
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START END START
COUNT COUNT COUNT
[ INPUT ' CALC I QUTPUT I CONTROL l INPUT
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- |
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Figure 3-5. Timing relationships for different software modules
with respect to the transmissometer pulse counting
during an update cycle.
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( RINTIN )

Y

RETURN

Figure 3-6. Runway-light-intensity input routine.

‘ BGILIN '

LOGET(i) = 1.37
+0,64.2° LOG B(i)
i=1, ..,

NTRANS

Y

( RETURN )

Figure 3-7. Sky-background-luminance input routine.




( RSELSW )

TRANSMISSOMETER SELECTOR

g EAD) SWITCH POSITIONS

RSELECT

Y

l RETURN |

Figure 3-8. Routine to read transmissometer selector
switch position for RVR display.

( SVRIN )

Y

READ INPUTS
FROM SVR
INTERFACE

Y

( RETURN ’

Figure 3-9. Routine to read inputs from SVR interface.
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Figure 3-10.

‘ TVRIN )

READ INPUTS
FROM TVR
INTERFACE

Y
( RETURN )

Routine to read TVR inputs.

( CEILIN )
Y

READ INPUTS
FROM
CEILOMETER
INTERFACE

A

RETURN

Figure 3-11. Routine to read ceilometer inputs.



( CALC )

RVRCAL FOR RVR
SVRCAL FOR SVR
Y
TVRCAL FOR TVR
CILCAL FOR CEILING
RETURN

Figure 3-12. Airport visibility system parameters
calculation routine.



| RVRCAL ’

Y

=1
J=1 \
> ITER
Y
NTR = NTRWAY (1) i
INT = INTSTY (1)
VS(J) =V
¥
SCALOG
2%10g(INT) Y
NTR = NTR - 1
¥ J=J+1

CAIL = 1/2(2%10g(ET(1))
- 25l0g(INT) - 2%log 5280)

RETURN

NB = NPUL{J}

SCALOG
2510g(NB)

I=1+1

CAIB = 2%log(NB)
- 2%1ogNBM{J)

Figure 3-13. Routine to compute RVR.



MODNR =0 N-R METHOD
=1 MOD. N-R METHOD
=2 HALLEY’'S METHOD

INC
NOITER

‘MAX ITER’

R

_b-25L0Ge

S
25LOGY,

Al = RI/2
.
DIAGNO=0 |
?
NO RO = DUM/2
DIAGNOSTIC
PRINTOUT
HEADING
INITIALIZATION
V=V§ YES
(ITRANS)
NOITER=0
Rl > -RO
| = -RO YES
SCALOG R
IV =2LOGY
VeIV DUM=DUM +
Ri =
2-BASE Al
* ]
RI=V-FV/DUM
YES
I}
Rl = LIMIT V= V-RI
FV=IK+IV-RI NO
DUM=25-R|
YES
JODNR = 05— YES V = VMAX
?
NO
RI =
25+ FV/DUM V< VMIN NO
T
YES
YES
V = VMIN

DIAGNOSTIC PRINT

KOSCHMIEDER
RVR

NO COMPARE WITH
ALLARD RVR

RETURN

AT

Figure 3-14. Iteration routine to compute RVR.



ITER evaluates RVR in fixed-point arithmetic with a scale factor
of 2**SCALE.* An algorithm based on Allard's Law requires an iterative
solution; the maximum number of iterations is ITERMAX. If the solution
has not converged before the limiting number of iterations (AVi>Vi/2**EXIT),
an error message is generated. Three iterative methods are coded, namely
Newton-Raphson (N-R), modified N-R, and Halley's method. The software
switch MODNR selects the desired algorithm. The iterative algorithms are
described in Subsection 2.3. The algorithms have been carefully structured

to ensure global convergence and maximum accuracy for the wordlength.

SVRCAL, TVRCAL, and CILCAL (see Figures 3-15 through 3-17) are the
submodules supplying SVR, TVR, and ceiling.

SVRCAL

g0

CALCULATE
SVR

RETURN

0

Figure 3-15. Routine to compute SVR.

TVRCAL

0

CALCULATE
TVR

RETURN

@;

Figure 3-16. Routine to compute TVR.

*
Symbol ** stands for exponentiation.
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CILCAL

f

CALCULATE
CEILING

\
RETURN

Figure 3-17. Routine to compute ceiling.

3.3.3 OUTPUT

OUTPUT (see Figure 3-18) transmits the processed visibility infor-
mation to local and remote displays, data logging system, and data up-

link transmitter. OUTPUT (see Figure 3-19) submodules are as follows.

OUTATC transmits visibility data to display consoles. The specific
data transmitted depends upon the position of the runway-selector
switch. The software interrupt routine LKSERV interrogates the position
of the runway selector every second. If a change has occurred, the
new visibility data is immediately transmitted to the displays by
STROBE (see Figure 3-20).

ATCRVR, ATCSVR, ATCRVR, and OUTREC (see Figures 3-21 through 3-29)
are the submodules displaying SVR, TVR, and ceiling information.

OUTREC assembles an output list for data logging according to a
specified format, and outputs the data to the teletype or other data-

logging medium.
QUTITS assembles an output list according to a specified format

for output to an information-transmission system.

3.4 LKSERV

LKSERV (see Figure 3-30) is one of the three main packages

referred to in Figure 3-2. It is basically a time-keeping routine



( OUTPUT )
Y

AIR-TRAFFIC
CONTROLLER
OUTATC DISPLAY

SYSTEM
DATA
OUTREC RECORDING

INFORMATION
TRANSMISSION
OUTITS SYSTEM

Y

( RETURN )

Figure 3-18. Output routine.



{ OUTATC ’

ATCRVR

ATCSVR

ATCTVR

ATCCIL

A

RETURN

Figure 3-19. Routine to service air-traffic-controller display.



which operates at a higher priority level than the other software
routines. LKSERV uses the hardware line-frequency real-time clock.
When the latter generates an interrupt, control is transferred to
LKSERV; upon return from LKSERV, the main Program resumes from the
point of interruption.

LKSERV is also used to enable and inhibit the transmissometer
pulse count. The routine inhibits the count when the time window
has reached the specified width, TW seconds. Initiation of the time-
window occurs in TRIN (a submodule of VISIB) and is communicated to
LKSERV by a flag.

LKSERV also includes a software interrupt to service a display
update request signalled by the runway-selector switch. LKSERV
interrogates the switch status every second. If a change has oc-
curred in the last record, control is briefly passed to STROBE (see
Figure 3-20). The latter strobes (using OUTATC) the new information
to the displays, then a return is made to LKSERV. STROBE operates
at a lower priority level than LKSERV.

The time and date are automatically updated while the program
runs uninterrupted. A restart requires an initialization of time and
date. The accuracy of the time and date is that of the line-frequency
real-time clock.*

3.5 EXECUT

EXECUT (see Figure 3-31) provides real-time monitor control of
the software from the keyboard. The monitor is entered by hitting the
control-C key on the keyboard. EXECUT acknowledges by typing the
character '.' on the teletype.** A string of characters terminated by

The execution time of LKSERV must be less than the interrupt period,
otherwise the time-keeping ability of LKSERV would be lost. This is
not a severe limitation, since the functional requirements of LKSERV
which determine the execution time are minimal.

* &
IOPKG services the interrupt generated by keyboard inputs and passes

control to EXECUT when the control-C key is hit. The details may be
found in TTYIO of the experimental simulation software described in
Appendix D.



SERVICES TIME
STROBE INTERRUPT ROUTINE
LKSERV
3

OUTATC

RETURN
PS, PC

U:

Figure 3-20. Routine to service air-traffic-control display.

( ATCRVR ’

Ro = ASSUMES ONLY ONE
VS(RSELECT) TRANS/RUNWAY HERE

Y

OUTPUT Rg
TO
DISPLAY

)

RETURN

Figure 3-21. Routine to display RVR.



( ATCSVR '

OUTPUT
PROPER SVR
TO
DISPLAY

Y

RETURN

Figure 3-22. Routine to display SVR.

‘ ATCTVR ,

4

OUTPUT
PROPER
TVR TO
DISPLAY

RETURN

0

Figure 3-23. Routine to display TVR.

ATCCIL

!

A

OUTPUT
CEILING TO
DISPLAY

Jw

i

Y

RETURN

Figure 3-24. Routine to display ceiling.

I-47



OUTREC

0

i

OUTPUT
RECORD
LIST

el

RETURN

{

Figure 3-25. Routine for system data recording.

OUTITS

{

OUTPUT FOR INFORMATION
INFORMATION TRANSMISSION
LIST SYSTEM

-

RETURN

)

Figure 3-26. Routine for information transmission system.

CONTROL

0

RUNWAY LIGHT
RLTCTL CONTROL

APPROACH LIGHT
ALTCTL CONTROL

y

RETURN

Figure 3-27. Light control routine.
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APPROACH LIGHT
CONTROL

ALTCTL

CHECKED ACCORDING TO
GIVEN CRITERION

OUTPUT
SETTING TO
LIGHT
CONTROL

4
l RETURN '

Figure 3-28. Approach light control routine.

RLTCTL

CHECKED ACCORDING TO
GIVEN CRITERION

OUTPUT
SETTING TO
LIGHT
CONTROL

2

w
‘ RETURN '

Figure 3-29. Runway light intensity control routine.



SERVICES LINE LKSERV 1 1
CLOCK INTERRUPT
~ PUSH PS OF
TARSEC = 0 INTER. PROGR. &
INCR. TSEC ADDR. OF MON-
VES DET ON STACK
NO YES L]
TSEC < 60 -
?
TNCTR = TW NO
l TSEC=0
INCR. TMIN
ENABLE AND
RESET PULSE
COUNTERS
; YES RETURN
POP PS, PC
CTRFLG =0
INFLAG = 0 NO
B TMIN = 0
- INGCR. THR
DECREMENT
TWCTR [
YES
RO=RSELECT
- NO
THR =0
s INCR. TDAY
DISENABLE
TR. PULSE
COUNTERS YES
NO
INFLAG = 1
TDAY = 1
INCR.
\ TMON
PUSH PS OF
\ INTR. PROGR. &
ADDR. STROBE
INC ON STACK
TARSEC YES
NO =
YES
TARSEC =60 TMON =1
INCR.
TYEAR
v

RETURN
POP PC, P5

RETURN
POP PS, PC

Figure 3-30. Routine to keep time and service time-related

control functions.



EXECUT

SAVE REGS
AND BUFFER
PRINT PRINT 7'
i ON TTY
GET THIRD
) CH. OF
y TTY INPUT
STRING OF
LINE CHARACTERS
FROM TTY
FIRST GET THIAD
TWO CHS OF CH. OF
JIngLIY TTY INPUT

O

CARRIAGE
RETURN

RESTORE
REGS
BUFFER, PS, PC

_l—‘ COMMA

RETURN TO
INTERRUPTED
PROGRAM

NO

KB INPUT
HR, MIN,

KB INPUT
DAY, MON,
YEAR

VISRET

VISPAR

NUMBER OF
MON DET DAYS IN A
MONTH

VITEST

ARTEST

IOTEST

Figure 3-31. Executive routine.



a comma or carriage return (referred to in the flow diagrams as CR or } ).
can be input from the teletype. If the command is not recognized as one
of those shown in Table 3-1, EXECUT prints '?' on the teletype and returns
control to the interrupted program. The monitor mode must be reentered

for further communication.

TABLE 3~1. EXECUT COMMANDS AND RESPONSES

Command Response
(e¢] Continue with the interrupted program.
RE Transfer to VISRET to set flags for the normal operating mode before return
to VISIB.
PA Transfer to PARASET to input parameter values from the teletype for the

visibility system, and then return to VISIB to resume system operations.

vI Transfer to VITEST, a test program to check out VISIB. Flags are set to
transfer into the visibility-simulation mode, entering system data from
the teletype. A diagnostic flag is also set to enable the diagnostic
printout on the teletype. Control is returned to VISIB, which continues
to operate in the test mode until interrupted again by the monitor.

AR Transfer to ARTEST to test the arithmetic package from the teletype.

10 Transfer to IOTEST to test the input/output routine IOPKG from the tele-
type.

TI, Input time (hour, minute, second) from the teletype with hour <24, min-

ute <60, and second <60. Control then returns to the interrupted program.
If the constraints on the input time variables are violated, the teletype
responds with '?' before returning to the interrupted program. The monitor
(EXECUT) must be reentered for a new attempt to input time.

TI) Prints time (hour, minute, second) on teletype.

Da, Inputs date (day, month, year from the teletype with the day S<MONDAY where
MONDAY equals the maximum number of days for the given month and year (as
computed by MONDET) and with the month £12. Control is then returned to
the main program. If the input data violates the constraints, the teletype
response is similar to that for an invalid time input command.

DAY Prints date (day, month, year) on the teletype.

Table 3-1 describes the EXECUT commands and program responses. The

commands provide the following capabilities:

*
(1) Software programs to test the modules IOPKG and VISIB.
Control is returned to the interrupted program be reentering

the monitor mode and issuing the return command, RE.

*
See Appendix D for details of these test programs.



(2) Basic airport visibility system parameters may be changed
by entering new values through the teletype. Control returns
to the start of the main program VISIB after the new values

are entered.

(3) Time and date may be interrogated through a teletype entry.
Initialization of time and date is also through the teletype.
Control is returned automatically to the main program after
the time and date have been typed on the teletype.

The functions of the submodules VISPAR, VISRET, VITEST, and MONDET
(see Figures 3-32 through 3-35) are delineated in Table 3-1 and require
no further elaboration except in the case of VISPAR. PARSET, the routine

and services VISPAR, is described next.

‘ VISPAR )

’

PARSET

Figure 3-32. Routine to enter basic system parameters.

PARSET sets up the system and software parameters which are basic
to a visibility-measuring installation, i.e., the parameters that are
essentially fixed for a specific equipment configuration. These param-
eters are software variables that may be altered at any time during
program operation. The parameters may be entered through a convenient
input medium such as the teletype or through the computer console.
Several submodules comprise PARSET (see Figure 3-36) and these are
briefly described in the following.



| VISRET )

 J

INMODE =1
DIAGNO=0

visiB

Y
| HALT '

Figure 3-33. Routine for transfer to normal operating mode.

‘ VITEST ’

3

INMODE =0
DIAGNO =1

VISIB

HALT

Figure 3-34. Test routine to check out VISIB.



DETERMINES MONDAY
(NUMBER OF DAYS IN
A MONTH + 1)

YES

RO=RO -7

MONDET

{

RO = MON

YES

RO = YEAR

DIVIDE RO
BY 2

REMAINDER = 0
?

DIVIDE
BY 2

MONDAY = 31

MONDAY = 32

RETURN

REMAINDER =0
?

MONDAY = 30

MONDAY = 29

A

Figure 3-35.

Routine to determine number of days in a month.




| PARSET '

)

RVRPAR

SVRPAR

TVRPAR

CILPAR

4
‘ RETURN '

Figure 3-36. Routine to set basic system parameters.

RVRPAR (see Figure 3-37) parameters relating to a transmissometer
are input through RVRPAR. These parameters are:

SCALE: The scale for fixed-point arithmetic associated with the

evaluation of RVR is equal to ZSCALE.

EXIT: Exit criterion for the literature algorithms of Allard's
Law is to exit if the change in RVR is less than RVR/ZEXIT.

VINIT: 1Initial guess of RVR in the iterative routines.

TW: The integration time window (in seconds) during which the
transmissometer pulse count is accumulated.

NRWAY: The total number of runways with transmissometer installa-
tions.



FROM TTY

( RVRPAR ) RVR SYSTEM BASIC
PARAMETERS INPUT
\

= scale
READ

SCALE
EXIT

A

MAGSCA = 28
L5280 = 28
LOG (5280}

{

FERS 52; €=0.056
LOG e

Y
READ
TRWAY(1)

.

TRWAY(NRWAY)

Y

NTRANS =

nrway
2 TRWAY

READ BASE(i),
PRATE(i),
i=1,..,

NTRANS.

LOG NBM({i)=25,
LOG(TW. PRATE(i))
BALEPS(i) =
BASE(i). LEPS

Y
l RETURN l

Figure 3-37. Routine to input RVR system parameters.




TRWAY (i), i = 1, --NRWAY: Number of transmissometers per runway.
The total number of transmissometers NTRANS is evaluated
from TRWAY (i).

BASE(i), i = 1, --NTRANS: Base length of transmissometer i.
PRATE (i), i = 1, -=-NTRANS: Maximum_pulse rate of transmissometer i.

SVRPAR, TVRPAR, CILPAR (see Figures 3-38 through 3-40). Parameters

relating to SVR, TVR, and the ceilometer measurement system are set up in
these routines. These particular systems remain in the conceptual or

development stage, so no further elaboration is possible.

SVRPAR

!

[

READ
SVR
PARAMETERS

Eal

RETURN

0

Figure 3-38. Routine to input SVR system parameters.

TVRPAR

{

READ
TVR
PARAMETERS

in

RETURN

!

Figure 3-39. Routine to input TVR system parameters.



( CILPAR )

Y

READ
CEILOMETER
PARAMETERS

Y

( RETURN '

Figure 3-40. Routine to input ceilometer parameters.

3.6 INITIALIZATION

Some software and hardware initialization is necessary when the soft-
ware is first loaded into the memory. The first instruction of the software
module START (see Figure 3-41) forms the starting address for the software
modules loaded into the memory. The first instruction transfers control to
the module INIT (see Figure 3-42) which handles the requisite initializa-
tions. Control is subsequently passed to VISIB and it remains there until
an alternative operative command is entered from the teletype (after first
entering into the monitor mode).

‘ START ’

Y

INIT

VISIB

A
| HALT )

Figure 3-41. Starting routine.




Y

SET UP
STACK
POINTER

Y

SET UP LINE

CLOCK INTER-
RUPT VECTOR

Y

SET UPTTY

INTERRUPT
VECTOR

Y

ENABLE LINE
CLOCK AND
TTY INTERRUPT

ENABLE
READER

Y

( RETURN )

Figure 3-42. 1Initialization routine.

INIT handles initialization tasks in software and hardware. The

following include some of those tasks:

(1)

(2)

Software initializations, such as setting up stack pointers,
setting up interrupt servicing routine vectors to handle
interrupt requests from the real-time clock, I/O devices
such as the teletype, data logging systems, etc.

Hardware initializations, such as enabling the interrupt
capability associated with external devices.



i, MINICOMPUTER CONFIGURATION

4.1 INTRODUCTION

described iJlthisappendix is the minicomputer. Characteristics of the
latter useq in a Tepetitive data acquisition ang control mode include
minimum configuration, low cost, and a fixed Storage Program. fThege
characteristics are also descriptive of the uPber end of the new class
of microprocessor, or microcomputer, now generally available.

4.2 SIMULATOR—INTERFACE MINICOMPUTER CONFIGURATION

The minicomputer configuration chosen to implement the simulator-
interface Was required to meet certain criteria not Necessarily relevant

Support of fast and powerful periphera] equipment including a disc
System, line Printer, ang console keyboard—display.

Initial wordlength Versus trade-off studies performeqd using
masking techniques op a large-scale Digital Equipment Corporation (DEC)
PDP-10 facility a¢ DOT-TsC determined the need for a l6-bit wordlength
computer. Since a Cross-assembler and simulator could be accessed on



the PDP-10 facility for development of ppP-11 software, the latter
computer was considered. 1In addition, a PDP-11/15 disc system was
available for software development. These considerations were para-
mount in the decision to acquire a PDP-11/10-AC minicomputer system
for the experimental simulator-interface assembly. The configuration

consisted of the following components:
(1) KD11B CPU.
(2) 8k 1l6-bit read/write core memory (900 nanoseconds) .
(3) power fail and restart module.

(4) Bootstrap loader module.

(5) Real-time clock, line frequency.
(6) Teletype interface, line freguency.
(7) Programmer's console.

(8) 5-1/4-inch mounting box and power supply-

(9) ASR-33 teletype and slow-speed paper-tape reader/punch.
(10) Knee-standing cabinet.
(11) software modules.

The photographs of the simulator-interface and the PDP-11/10-AC mini-
computex configuration,including the ASR-33 teletype and slow-speed

paper—tape reader/punch, are included in Appendix E.

All software was developed using the PDP-10 and pPDP-11/15 disc-
system facilities. The assembled program was punched on paper tape for
subseguent input to the experimental assembly using the slow-speed
reader attached to the teletype. Program input using this technique

takes approximately 10 minutes.

The choice of the DEC PDP-11 computer to implement the experi-
mental system should in no way imply a preference for this specific
computer in the intended eventual application. AS noted previously,
software development considerations were paramount in the decision.
However, similar considerations will require that one of the eventually
deployed systems, OrI a separate facility, incorporate an above~average
minicomputer configuration. This will be necessary for software
development and maintenance. It is recommended that it include a
disc system and line printer as well as the necessary paper—tape
peripheral equipment. The cost of this one-only facility will be small
compared to the total deployed-system cost, but must be considered an

essential part of the system.



Descriptions of the PDP-11 software developed for the experimental
system appear in other sections of this report. A brief description and
a listing of the assembly language program appears in Appendix D. Also
included in that appendix are sections on an estimate of the processor
time requirements for an RVR update and on the program size requirements.
Upper limits on the processor time of 0.1 second for integer arithmetic
and 0.3 second for the floating-point arithmetic calculations seem to
be acceptable for a simultaneous update of RVR based on inputs from n
transmissometers. Thus, for a three-runway configuration with three
transmissometers per runway, the upper limits on the required processor
time are 0.9 second and 2.7 seconds, respectively, for integer and
floating-point arithmetic RVR calculations. The time estimates are
based on a minimal instruction set which does not include a hardwire
multiply and divide capability. With the present trend of lower costs
of fabrication, hardwire capability of multiply and divide for both
fixed as well as floating~point arithmetic is likely to be available,
if so desired, with only a small addition to the total cost of the
SDCU configuration. The total size of the simulator software is
1754 memory locations. Thus, it can be inferred that the RVR update
processing and associated I/0 operations can be carried out with
adequate speed and accuracy on a 16-bit minicomputer with 4k memory and
memory cycle times of about 1.2 seconds. It is not possible to define
the time and size requirements for other visibility system parameters
such as SVR, TVR, and ceiling, until the associated systems and calcula-

tions are well defined.

4.3 MINICOMPUTER SPECIFICATION

The investigation described in this appendix provides a basis for
the specification of a minicomputer configuration to implement the
evolutionary system. The specification is written integrally with the
interface specification, since the two components are interdependent.
The computer specification can be easily met by many low-cost mini-
computers currently in the market-place. The dynamic nature of the
technology should ensure that even lower-cost mini- or microcomputers
will meet the specification in the near future. The specification is

not part of this appendix and appears under separate cover.



5. INTERFACE CONFIGURATION AND DESIGN

5.1 INTRODUCTION

This section addresses the topic of communication between external
devices and sensors and the minicomputer. The general configuration
of an interface to accomplish this task in the current application is

delineated and its modular character examined.

The design and mechanization of a simulator-interface is described
whereby simulated sensor inputs are interfaced with the software-
minicomputer system to verify the conceptual system design and to

identify any special hardware/software problems.

5,2 INTERFACE CONFIGURATION

Communication between field-located sensors and the computer and
between the computer displays, controls, and switches, takes place

through an interface.

The interface consists of registers that receive or transmit in-
formation via a bus to the computer. These registers may be either
flip-flop storage registers or dynamic signals which are simply gated
to the bus during a transfer. In general, registers are both loadable
and readable from the bus, but special-purpose interfaces usually
contain one-sided registers, that is, either "read only" or "write-
only". To maintain the transmission-line characteristics of the bus,
special circuits are required to pass signals to and from the bus.

The majority of bus signals are received, driven and terminated as
shown in Figure 5-1. Information is received from the bus using gates
which have a high input impedance and proper logic thresholds. Infor-
mation transmitted on the bus must be driven with open collector
drivers capable of sinking a specified current with a specified

collector voltage and with less than a specified output leakage current.

Interface configuration is essentially similar for all contempo-

rary minicomputers, but the detail design and specification is



minicomputer-specific. A block diagram of a typical interface for the
specific application addressed in this appendix is shown in Figure 5-2.
Registers to receive and transmit information are shown for typical
parallel and serial I/0 data contemplated in this application. Thus,
binary counters are shown to receive pulse-rate information, for
example, from transmissometers and possibly the ceilometer and slant-
visual-range instrumentation. Other registers receive discrete-type
information from switches or relays. An example of the latter would

be the approach or high-intensity-light-switch setting. Often only

a few bits of a 16-bit word will be necessary to transmit information
about a discrete switch setting, so that, in general, a single-word
register can contain information from more than one source. This
approach should be followed whenever possible to economize on interface
hardware. Some minicomputer types provide for discrete-bit I/0 to
simplify control of contacts, relays, etc. Software coding and decoding

is relied upon to establish control or status of the devices.

RECEIVER

DRIVER

Figure 5-1. Typical bus line.
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Output registers store specific information strobed from the com-
puter. The information may be intended to display, for example, the
runway visual range, slant-visual range and ceiling or intended to
control external devices such as the intensity of the runway lights
or to sound an alarm when a specific event takes place. Data logging
is another output function. As before, a full 16-bit word may contain
information intended for more than one destination. Definition and
specification of the output interface essentially ends at the register.
Local displays and controls are designed to receive their information
as parallel data directly from these registers. Transmission of
register information to distant locations (for example, remote displays)
requires a serial data transmission. Some minicomputers have serial
data I/O channels, in addition to the common parallel channels, to
facilitate the transmission of data to or from remote devices. 1In
general, however, the task of converting data from parallel- to serial-
bit format and providing an appropriate gated clock signal for serial

I/0 operations is considered part of the interface function.

Associated with each interface or device register is a unique
address by which communication with the computer is possible. When
information in a particular register is required by the computer, the
address of that register is put on the bus and decoded by another
major interface element, the address selector. The latter transmits
control signals to the addressed register which gates the requested
information onto the bus via the data lines. Similarly, information is

transferred from the computer to specified interface output registers.

5.3 MODULAR INTERFACE DESIGN

From the foregoing description, it is possible to see the potential
for modular interface design. A field installation would reqguire multi-
ple combinations of the five types of registers discussed in Subsec-
tion 5.2, namely binary counters to register pulse-rate data,
parallel-word input registers containing discrete switch, contact,
or relay data, parallel-word output registers to transmit local display,
data logging or control information, and shift registers to transmit
and receive serial data; the latter required only for communication with
remote devices.

Each of the five types of I/0 interface would contain an associated
address selector for address decoding and either receiver or driver

networks. Each would contain a convenient number of (identical)



registers or words, probably two, three, or four, depending upon the
interface type. For example, three would be a convenient number

for the pulse-rate input module, since three transmissometers will be
associated with each runway (at touchdown, midpoint, and rollout
locations). The I/O interface cards would plug into a common, multi-

slot chassis with common connection to the bus.

A modular approach to interface design is recommended so that the
size and capability of a typical system can be matched to the particular
requirements of the airport installation. It is consistent with the
modular character of the minicomputer and software design. If airport
requirements expand, the system can grow to meet the needs with the
addition of the appropriate modules in either the interface or mini-

computer or both.

5.4 RVR SIMULATOR-INTERFACE DESIGN

The design of the RVR simulator-interface is instructive because
it contains examples of all of the register types that will be required
in the field installation. The experimental interface is designed to
accept inputs from simulated sensors and transmit this data, upon
request, to the minicomputer. An output register accepts data from the
computer for subsequent visual display of RVR. The simulated sensors
produce signals of the type specified for actual field-installed sensors.
They include pulse-train signals of the type and bandwidth required from
transmissometers and also possibly the ceilometer and slant-visual-range
instrumentation; signals from discrete switch settings or relays repre-
senting signals from the runway high-intensity light setting switch or
background luminance sensor or runway selector; binary-coded signals
from a controller-selected decimal panel switch representing an "alert"
RVR value or from a serial-loaded shift register representing the inter-
face for a serial transmission from a remote sensor. All I/0 signal

levels are consistent with interface logic, namely, 5 volts.

A block diagram of the simulator-interface is shown in Figure 5-3.
A detailed schematic of the simulator-interface is shown in Figure 5-4,
and views of its three components are shown in Figures 5-5 through
5-7. Figure 5-5 shows the front control panel of PDP-11/10-AC mini-
computer. Figure 5-6 shows the ASR-33 teletype and slow-speed paper-tape
réader/punch. Figure 5-7 shows the front panel of the simulator-
interface showing the switches controlling various simulated-sensor
inputs and the RVR digital display. The function of the switches is

briefly described below. A ten-position switch for transmissometer
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No. 1 provides a capability of choosing one of the ten pulse rates
ranging from 0.167 to 10,000 pulses per second to simulate the pulse
rate mode of transmission. A four-digit position switch inputs a
binary-coded decimal count to the computer to simulate a serial-loaded
register representing interface for a serial transmission. A four-
position switch simulates the discrete information on the runway light
intensity. Similarly, a four-level discrete information characterizing
the background luminance is provided by a four-position switch. A two-
position reset switch provides capability to change the various switch
settings appropriately during a software RVR update cycle. Further
details on the function of the reset switch and the information
represented by different positions of the switches described above

can be found in Appendix D under the section on software description.
RVR for the transmissometer selected by the runway-selector switch is
shown on the visual LED display either every time new RVR is calculated
for that transmissometer or the runway-selector switch position is
changed. The latter action does not interfere with the software

calculations that may be in progress.

5.4.1 Word 1l: Discrete-Frequency Pulse-Train Input

To simulate inputs from transmissometers or other remote sensors,
a crystal clock and frequency dividers were used to generate ten
discrete-frequency pulse-trains. The discretes were originally chosen
to span the frequerncy range from zero, corresponding to zero transmit-
tance, to 200 Hz, corresponding to 100% transmittance. Subseguently,
a decision was made to expand the bandwidth of the transmitted signal
to 10 kHz. Consequently, the highest discrete frequency was changed
from 200 Hz to 10 kHz. The discretes implemented are shown in Table 5-1

with the associated decimal switch code.

The switch gates the appropriate frequency pulse-train to the
binary-counter flip-flops. The pulse count is incremented in the
register until software requests the current value. The count is first
inhibited, then the static contents of the register strobed onto the
bus. The register is reset before a new count begins. Bits 0 to 15 of

word 1 are used.

5.4.2 Word 2: Binary-Coded Decimal Switch

This serial-loaded binary work register simulates the interface

for an alternative means of transmitting data from remote sensors,



Figure 5-5. Front control

panel of the PDP-11/10-AC minicomputer of the
simulator-

interface minicomputer configuration.

Figure 5-6. ASR-33 teletype and slow~-speed paper-tape reader/punch.

Figure 5-7.

Front control panel of t
switches controlling the
the minicomputer and the

he signal simulator bearing
simulated sensor inputs to
visual RVR digital display.



TABLE 5-1. PULSE-TRAIN DISCRETE—FREQUENCY CODE

Code Freguency
0 10,000 Hz
1 100
2 50
3 25
4 12.5
5 6.25
6 3.125
7 1.000
8 0.500
9 0.167

namely, serial data transmission. This technique requires that the
sensor output be converted into digital form, coded, and transmitted
serially, either synchronously or asynchronously, to the interface.
The register also simulates a deciﬁal console-panel switch into which
the controller could load an "slert" RVR value. The decimal value is
coded interﬁally into binary form before being gated to the bus. Bits

0 to 15 of word 2 are used.

5.4.3 Word 3: Discrete Switch, Relay, Or Control Settings

This register contains information on discrete switch settings or
control relay positions that must be communicated to software. The
specific functions simulated were the runway-light—intensity setting
(bits 8 to 11),‘the background-luminance setting (bits 4 to 7), the
runway selector (bit 0), and the reset switch (bit 15). The latter is
unique to the simulator-interface, being reset whenever a change is
made to word 1 or 2. Bits 1, 2, 3, 12, 13, and 14 of word 3 are unused.

5.4.4 Word 4: Output Register

This register receives output signals from the computer that are
destined for local or remote display, to control switches or relays,
or for data logging. The flip-flop register of the simulator-interface
drives a local four-digit LED display of RVR. 2ll 16 bits of the word

are used.



5.5 IMPLEMENTATION OF THE SIMULATOR-INTERFACE

This subsection describes the basic assumptions and definitions
for the simulator-interface, and the ground rules under which the
combined software/hardware must operate. A description of the mechani-
zation is also given. A schematic of the simulator-interface is shown

in Appendix E.

A typical sequence of operations that must occur is indicated
in Table 5-2,.

The interface contains a DEC M105 Address Selector, an M1502 Bus
Output Interface, and an M404 Crystal Clock. All other functions,
including input registers, are implemented on a blank wire-wrappable
module. This card and the DEC cards plug into a BBll module connector.
The whole subassembly is mounted in a chassis and connected to the
computer via a BCllA bus cable. Only 5-volt power in needed for the
interface, and this is supplied by an external supply.

An 18-bit address A (17:00) is decoded. A (17:13) must all be
ones and set by software. A (12:03) is determined by jumpers on the
M105 card. When the jumper is "in", the computer will look for a zero
on that address line. The addresses to be used are 764000 to 7677717.
So if addresses 764000, 764002, 764004, and 764006 are to be used,
jumpers are placed in bits 3, 4, 5, 6, 7, 8, 9, 10, and 12. The M105
controls up to four addresses. A00, AQ0l, AO02, C00,and COl are used for
control.

Note that the address supplied on the bus is that of the even-~
numbered location and the next higher odd location is selected as well.
AQ2 and A0l provide a coding array for the four selected addresses.

A0O0 is for byte operation. A DATI to 764000 transfers data to locations
764000 and 764001 in two bytes. A DATOB to location 764006 loads only
location 764006.

It is important to bear in mind that the sequence of operations
is critical; otherwise the data may be lost or will be in error.
Referring to the chart, assume that the computer is ready to start a
read/write sequence. Step 1 must occur first. This step clears the
l6-bit binary counter and sets a clock-enable flip-flop. This allows
the 16-bit counter to be clocked at the selected rate determined by
the ten-position selector switch. Tﬁ;wperiod of counting is now set
by the computer, and must be small enough so the counter will not
overflow. Immediately after this predetermined period, step 2 must
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occur. This will clear the clock-enable flip-flop inhibiting any
further counting. The binary counter, however, will retain its last
value until it is cleared again by repeating step 1. Step 1 should
not occur until the data is read into the computer.

After step 2 is performed, steps 3, 4, and 5 may be performed
in any sequence. The three words are now stored in the computer.
Steps 6A and 6B should be done sequentially. Since the data to the
display is output in two bytes, the time delay between the two DATOB
output instructions will be small enough so that the eye will not

see it.

Word 3 does not use all 16 bits. Bit 0 is either a 1 or 0, and
is set by the runway-selector switch. Bits 1,2, and 3 are not used.
Bits 4, 5, 6, and 7 are the output of the four-position background-
luminance switch. Only one of the four bits will be enabled at any
time. Bits 8, 9, 10, and 11 are the outputs of the four-position
runway-light-intensity setting switch. Again,only one of the four bits
will be enabled at any one time. Bits 12, 13, and 14 are not used.

Bit 15 is the output of a reset switch. This reset switch is set while
changing the front panel switches such as the BCD selector switch or
the transmissometer frequency selector switch.

It is apparent from a study of the simulator-interface schematic
in Appendix E that a common set of drivers is employed for words 1,
2, and 3. This is possible because only one word at a time can be
addressed and driven onto the bus. Control signals from the address
selector gate the appropriate word to the drivers. Similarly, this
approach would be followed in the design of the modular interface for
the field installation. Each individual multi-word interface card

would employ a common set of drivers or receivers.

5.6 CHARACTERIZATION OF THE INTERFACE SENSOR INPUTS

Previous sections of this subsection have described the configur-
ation of an interface to communicate between sensors or devices and
the computer. It is clear that the interface-software system is very
flexible so that a variety of alternative input signal formats can
be considered as candidate specifications. This flexibility is
important, indeed it is a prime characteristic of such a hardware/soft-
ware system, in that it provides freedom for the unconstrained design
of new sensors and modification of existing sensors to take full
advantage of new technology. This is also true in the selection of

sensor data transmission technique.



The modular construction envisioned for the field-interface
installation provides for a multiplicity of I/0 signal formats, thus
the selection of a format for a particular sensor will not be con-
strained by interface design. Consideration of the type of information
the signal conveys and its time domain characteristics, as well as

transmission technology considerations, will be determining factors.

Input signals to current SDC systems and anticipated additional
inputs to future visibility-monitoring configurations are reviewed in
Subsection 5.6 with respect to their time domain, signal format, and

transmission characteristics.

5.6.1 Transmittance Measurement Sensors

RVR transmissometers, background-luminance sensors, anticipated
TVR, SVR, and ceilometer sensors all fall into this category. The
signals from these sensors are characterized by an inherent spatial
integration. Further processing to provide a useful visibility
measurement includes temporal integration. Currently, the transmission
from remote transmissometers has a pulse-train signal form, the pulse
rate being a measure of transmittance. The temporal integration for
these signals simply involves a count of the pulses over a given
period of time, a function which can be easily and simply provided by
suitable hardware counting logic located in the SDC I1/0 interface. The
pulse counting can be accomplished by the computer software also,
however at an expense in the form of increased computational time and
memory size requirements. Moreover, the increased cost of the necessary
hardware logic modules to interrupt the software program on the arrival
of a new pulse more than offsets the savings that result from having
dispensed with the hardware counters. These considerations tend to
rule out the pulse counting by the software when the sensor data is
transmitted using pulse rate modulation. The 20-meter baseline trans-
missometer under development at TSC uses a similar signal format but
with bandwidth increased to 10 kHz. Advanced semiconductor technology
drivers transmit pulses up to 10 MHz over very long distances using a
twisted-pair line. The latter is terminated with a receiver that
presents the pulse train at proper logic levels to the interface. It
is recommended that the background-luminance sensor under development
at TSC and TVR sensors transmit data in a similar manner to the 20-meter
base transmissometer, using a common bandwidth for the transmissivity

measurement.



SVR and ceilometer instrumentation is currently in the experi-
mental stage. However, the extent of the calculations, including
deconvolution, known to be involved in the reduction of a measurement
of backscattering from a laser pulse, would appear to preclude the use
of the central minicomputer for this data processing. Both analog
and digital preprocessing of the backscattering data require further

investigation.

Digital processing has the advantage in that a dedicated minicompu~
ter could handle data processing and instrument control. The signal
format and transmission of a transmittance measurement from either
the SVR or ceilometer sensors need not be specified at this time,
Commonality with other transmittance sensors would suggest a similar
pulse-train signal format. However, the discrete measurement nature
of the new sensor might make a BCS (or similar) serial transmission
more convenient. The cost or other impact on interface design is

negligible.

5.6.2 Status of Switches and Relays

Relay and switch positions providing the status of high-intensity
runway lights, approach lights, or discrete-level background luminance
appear as discrete (static) logic levels at the interface. This is a
straightforward procedure for local (parallel) transmission of data,
as was demonstrated on the design of the simulator-interface. Only
two lines are necessary to transmit information from a four-position
switch; three lines from an eight-position switch. When switches or
relays are remotely located, a serial data transmission may be neces-

sary.

Data must be conditioned by appropriate line drivers and receivers,
presenting the data at correct logic levels for loading into the shift-
register on the appropriate interface card. Gated clock signals must
be provided by the minicomputer or an external reference. Serial data
transmission is typically at a pulse rate of 100 to 1000 kHz.

An alternative method of transmitting remote switch and relay

data is by frequency multiplexing. This technique involves transmitting
a discrete frequency pulse-train corresponding to each switch, relay,

or control position. The interface to accept this data is identical

to that provided for pulse rate information from the transmissometers.
Appropriate line drivers and receivers would be required as with all
remote data transmission. The design of the discrete frequency pulse-
train transmitter would be similar to the pulse-train simulator detailed

in a previous section.



5.7 INTERFACE SPECIFICATION

The detailed design of an interface assembly depends upon the
specific minicomputer choice. For this reason, specification of the
interface has been made integral with that of the minicomputer to
implement the eventual evolutionary system (see Subsection 4.3).



APPENDIX A

ITERATIVE ALGORITHMS FOR RVR COMPUTATION

A.l INTRODUCTION

An investigation is made of the performance of different iterative
algorithms to solve a nonlinear equation y = £(x) for its zero. Aall
iterative algorithms considered are single point in character and
utilize the information on the value of the function, f(x), and its
higher derivatives at a given point to arrive at the next guess., First,
the Newton-Raphson method is investigated, which utilizes the value of
the function and its slope, and then three different methods are con-
sidered, all utilizing higher-order information up to second derivatives

of the function.

Let o be the zero of v = £(x), i.e., f{(a) = 0.

A.2 NEWTON-RAPHSON METHOD

The Taylor series expansion of y = f(x) about point X is given

by
y = f(x,) + (x - %x,)f"'"(x,) + l(x B x.)2f"(p) X < p <X
i i i 2 i ! i
(A~1)
Since f(a) = 0, we have
0 = f. 4+ (a - x)f,' + Z(a - x.) %" (p) (A-2)
i 1°7i 2 i )
dropping the arguments.
Equation (A-2) suggests the following iteration formula:
fi
it T XL T E T (A-3)



which is

the familiar Newton-Raphson method. Substituting for X in

(A-2) and using (A-3),

orxr

where €,
h 1

fi 1 2
= - - —_— ! =1 _ "
0 = fi + (u X4 fi,)fi + 2(u xi) £" (p),
- -1 £"(p) 2 .
fivl T T2 TENG4 =)

1

==X, is the error at stage i. Thus, Newton-Raphson has a

second order of convergence.

A.3 HIGHER-ORDER METHODS UTILIZING SECOND DERIVATIVE

Let y = f(x) have an inverse x = g(y) in the neighborhood of a

root o of £(x) = 0.

The Taylor series expansion of g(y) about a point

Yi is given by

- - . ' l _ 2 " l - 3 "
X =9(y) =9gy;) + (y - yy)g'(yy) + 5y - y) %" (y;) + sy - v;) g"(p),
(A-5)
where p is between y and Y- Since o = g(0), we have:
. . 1 l 2 " —_ i 3 (B e
g = = figi + 2fi 95 6fi g'"(p), (A-6)
where Yy = f(xi) = fi'
It is easy to deduce from the inverse relationship of the functions
y = £(x) and x = g(y), that:
1 ' = =
fi 94 1. (a-7)
By successively differentiating (A-7), we evaluate:
'_'fiﬂ
" —_ —_
71 (£,1)3 el
i
and 2
l f-\‘ll' 3f'll
g = ( 3)( _l__)_ . (A-9)
L) 1 1
(fi ) fi (fi )




A.4 METHOD 2

Equation (A-6) suggests the following iteration formula:

£y 1 5T
X+l T *i T fTT'(l t2E T f.!) ' (A-10)
1 1 1

which is the same as what has been referred to as Method 2.

Subtracting (A-10) from (A-6), we have the following expression

for error at each iteration:

— _llll 3
€iv1 T g9 (PIE; T,

since

)
I

£(x;) = f(xi) - f(a) = (x; - a)f'(q)

—sif'(q), with q between o and xi

€541 = (%f'(q)g'"(p)>i3. (A-11)

If the root o is simple, the expression in brackets is bounded in some

interval of o. Thus, the order of the iteration formula (A-10) is three.

A.5 HALLEY'S METHOD
Consider the iteration formula

= - ' £2'l= — ||__]_-_ [P
Xy x; - B9, v 3f9 x; —uy(fitgyt - 5 E 09"

Our object is to approximate (A-1l) by the rational formula:

P
o)
X. = X, T /=" *"u,,
i+l 1 1l + Qlui i
where
£,
u = —3+
i £, !
i
and choose Po and Ql’ such that
f n
' ' l 1 LI l ___i
Biloyt v 3R T LYy E



and

P
@)

1+ 0,u;

have as many derivatives equal as possible at u, = 0. We would like
to choose two constants at our disposal, PO and Ql' such that

( 1 fi" Po )
1 + =u. - .
21 fi 1 + Qlui

and its first derivative with respect to u is equal to zero at u, = 0.

Consider

T £
(l + oy, 2 ) - Q = ff

j : B
271 £, 1% Quy

This requirement is met if Ho = Hl = 0. Then:

f.
1 X
Po = 1 and Ql == fl.
Thus, we arrive at Halley's iteration formula
_ _ 1
S I B St (A-12)

X .
_1, H

(1 2% f.')
1

Subtracting (A-12) from (A-6), we get the expression for the error:

f "
o _ 1 3 1 i 1 3
€i+l = gg'"(p)fi - 2 2 f." fi .
(f 1 i
(l - Eui f_T)
1
Now fi = —eif'(q) with g between o and x, as explained earlier. Thus,
1 1 5 1 3
e ' a7 L 1
€541 £ (@) |gg™ (@) + 3 Z £\ |Fi (A-13)
(£)° (1 - iy &
271 fi'

If the root is simple, the expression in outer brackets is bounded in
some interval of o. Thus, the order of the iteration formula (A-12)

is three.



A.6 MODIFIED NEWTON-RAPHSON METHOD

Instead of considering the function f(x), consider the function
u(x) = £(x)/£f'(x). Both u(x) and f(x) have the same zeros. Applying
the Newton-Raphson to find a zero of u(x), we have the following

iteration formula:

- R S = 1 N
el T O® T gt TN ui( u.f.)' el
i _ o Wd
L]
By

This is also known as the modified Newton-Raphson method. This
method is particularly useful in case of functions with multiple roots.
The order of convergence of Newton-Raphson method is equal to one,
when the function has a zero of multiplicity greater than 1. It may
be noted that the second-order convergence of the Newton-Raphson
method can still be maintained in such cases, by considering finding
the zero for u(x) instead of f£(x), since u(x) has a zero of multiplic-
ity 1, irrespective of the multiplicity of the zero of f(x). The order
of convergence for this method near a zero is the same as that for the

Newton-Raphson method.

A.7 COMMENTS ON THE ORDER OF CONVERGENCE

We have considered four iterative methods. It is seen that the
Newton-Raphson and modified Newton-Raphson methods exhibit second-order
convergence near zero, whereas the other two methods, Method 2 and
Halley's method, exhibit third-order convergence. The modified Newton-
Raphson method retains the second-order convergence in case of a
function with multiple roots. However, since this method uses the
information on the second derivative of the function slightly improved
convergence is likely to result when used for a function with simple

roots.



APPENDIX B

COMPUTATION OF LOGARITHM

The logarithm function loglo(x) is calculated in fixed-point

arithmetic as follows:

(1) Integer X is normalized and expressed as
x = F-2°, such that 1/2<F<l and b<N-1
N = number of bits in the word used for representation

of and integer (includes sign bit)

(2) Calculate log;,x as follows:

_ 2
loglox = loglOF +blog10
where log. .F = (C,Z + C,23 + ¢_2°) log. . - 1/2 log, .°
10 1 3 5 10 10
c, = 2.8853913
Cy = 0.96147063
C; = 0.59897865
log,,” = 0.30102999
g = £ = V0.5
F + /0.5

0.5 = 0.70710678

In the case of the subroutine LOG in the arithmetic package
described in Appendix D, argument, X, is available as an integer in
register RO’ and loglo (argument) is available on return from the
program in double precision in registers R0 and Rl with associated

scale factor in register R2.

A similar software program was written on a 24-bit wordlength

machine with provisions to simulate varying wordlengths. Figure B-1



shows the plot of -logze versus the wordlength, N, where € is an
average computed from the errors of the logarithm function computed
for ten integers of varying magnitudes. Thus, the relationship

£ = 1/2N_5 can serve as a rough measure of the order of accuracy
available from the logarithm function, which is computed as described

in this appendix.

20

16 -

-|0gze

0 1 | 1 | 1
4 8 12 16 20 24

BIT LENGTH, N

Figure B-1. Plot of -logje vs N, showing the dependence of ¢,
the computation error for the fixed-point algorithm
and N, bit length of the computer word.



APPENDIX C

ATMOSPHERIC TRANSMITTANCE FOR RVR RANGE 50 TO 5900 FeeT

Table C-1 lists the atmospheric~transmittance values corresponding

to a given set of RVR values. Table C-1 covers the following:

(1) A range of RVR values from 50 feet to 5900 feet in varying

increments.
(2) Four transmissometer baselengths—500, 250, 75, and 50 feet.
*
(3) Four discrete values of visual illuminance threshold s, c,
Et’ namely, 2, 26, 260, and 2600 mile-candles, selected to

broadly characterize the background luminance prevailing
during night, dawn, twilight, normal day, and bright

conditions, respectively.

(4) Four values of runway-light intensity, I - 400, 2000,
10,000, and 20,000 candles.

The transmittance values for a given RVR and visual environment
as characterized by s, ¢, and Et are calculated from Allard's law and
Koschmieder's law, selecting the lower of the two transmittance values.

The transmittance values are positive and lie between 0 and 1.

It may be noted, however, that some transmittance values are shown to
be negative, especially for good daytime visibility conditions. The
minus sign is included only to indicate that the RVR values correspond

to the contrast visibility as projected by Koschmieder's law.

*As recommended by ICAO All Weather Operational Panel (AWOP
Report, IV-WP-213).



TABLE C-1.
BASE LINE 500.00000
RVR Is 200000
5060 « 000000000
100.0 » 000000000
15040 « 000000000
200.0 « 000000000
25040 « 000000000
30000 + 000000000
35040 +000000001
4000 + 000000016
45040 2000000151
5000 +000000897
55000 «000003782
6000 «000012375
6500 000033382
7000 « 000077488
75040 «000159675
800.0 2000238930
8500 2000817446
S00+0 «000839478
95040 « 001230092
11000 « 003651808
120040 +006267910
130060 «009847250
140000 014442376
15000 « 020058797
1600+0 026664214
170040 2034198639
180000 042583726
1900.0 e051730562
20000 e 061545745
21000 ¢071935856
22000 «082810575
23000 0094084719
29000 0166191306
340000 «226747572
390060 e 284082032
440040 0336867263
490040 +384783789
540060 e 427993336
590000 e 466863054

ATMOSPHERIC TRANSMITTANCE

200000
1= 10000.0

+000000000
» 000000000
+000000000
+000000000
+000000000
+ 000000000
»000000002
» 000000038
« 000000326
+000001794
,000007102
« 000022049
¢ 000056894
«000127132
«000253468
«000461014
4000777931
+001233810
001858051
«005004259
008366656
«012855700
t01849?047
+025272501
«033113163
«041932143
«051625361
« 062081989
¢073190638
»0B4843627
1096939708
+109385661
«187288032
0251079793
0310482663
2364474175
412984843
'45636271“
0495108661

(page 1 of 16)

I= 200060

¢ 000000000
+ Q00000000
¢ 000000000
+ 000000000
2000000000
¢ 000000001
0000000022
¢ 000000281
2000001351
+ 000008968
¢ 000030675
+ 000084307
¢ 000196217
e 000401347
e Q00741145
v001260579
0002004934
2003016929
e Q04334475
0010400481
0016360231
e023874283
0032868623
v043215369
1054755631
1067317266
080727487
e 094821123
0109445532
v 124463111
0139752159
0155206676
0247184990
0318127688
+381635612
0437617994
0486695783
529699545
567460020

[= 40040

+000000000
+000000000
+00000C000
+000000000
+ 000000000
+000000010
«+ 000000222
+ 000002100
2000011663
+ 000044838
2000132497
2000322357
2000676717
+001267023
2002167121
2003446881
2005167242
2007377034
°010111497
0021615588
+031990935
2044336862
+ 058400108
+073897241
1090543424
+108070182
+126234996
0144825344
0163659243
+182583733
»201472301
+220221846
+326237714
+403079931
1469094599
0525440544
+573562901
614821497
2650384250



TABLE C-1.
BASE LINE 50000000
RvVR 1a 200000
500 +000000000
100.0 + 000000000
15040 +000000000
2000 +000000000
2500 « 000000000
3000 + 000000001
35040 + 000000032
40000 + 000000390
45040 «000002611
5000 + 000011658
5500 «000038937
60000 + 000104910
65060 « Q00240097
700.0 « 000484070
7500 + 000882806
8000 0001485199
8500 ¢002339513
9000 e 003490334
9500 + 004976302
11000 1011717794
120040 0018250125
13000 1026409167
140060 ¢036097370
150040 1047164946
16000 0059434154
17000 072717547
180000 +086830513
1900.0 «101599176
2000.0 0116864342
2100.0 0132486011
220040 0148338794
230040 0164316317
29000 2258623212
340060 330641867
39000 +3946350811
440040 + 450861633
49000 1499901518
5400+0 2542725103
59000 1580218385

26400000
I=  10000+0

+000000000
+000000000
+000000000
+000000000
+000000000
+000000003
»000000087
«000000927
+000005640
«000023316
«000073119
+000186928
+000409212
+000794200
1001401367
»002290490
«003517240
1005129864
»007167101
1016057490
1024360994
1034477476
046236641
«059424108
+073808768
«089161518
1105266894
0121929448
+138976501
+156258565
1173648346
0191038982
1291453466
+366122957
«431370662
« 437810600
1536539626
2578699434
1615322084

ATMOSPHERIC TRANSMITTANCE (page 2 of 16)

I= 2000.0

2000000000
» 000000000
+ 000000000
+ 000000000
+ 000000001
¢ 000000051
2000000868
000006934
¢ 000033720
v 000116578
+000315831
»000714740
001411293
2002507229
v 004097623
+006263033
1009064854
2012543609
2016719469
0033372697
047635694
0064028021
2082152083
101613796
+122049523
0143138634
2164607699
¢186229330
1207818342
0229226731
v250338399
+271064095
*384663779
1463891770
¢530227372
2585705960
¢632303043
1671695599
705240506

1= 400.0

»000000000
+000000000
«000000000
+000000000
«000000021
«000000741
«000008646
1000051845
+000201615
«000582889
1001364214
+002732898
+004867280
»0079151 34
«011981523
v017125408
023362517
«030671794
+039003307
1069359339
+093147242
+118906254
«145965616
v173757147
«201820004
+229792728
+257399962
0284437961
+310760904
336268890
«360897845
«384611262
+507683868
1587768591
+651738959
«703247267

-+743816110

-+764481386

-+782079812



TABLE C-1.
BASE LINE 500,00000
RvR 1= 2000060
500 + 000000000
100.0 » 000000000
15040 000000000
2000 + 000000000
25040 000000001
300.0 +000000051
3500 +000000868
40040 «000006934%
45000 ¢ 000033720
5000 +000116578
5500 ¢000315831
60040 +000714740
65000 001411233
70000 + 002507229
7500 2004097623
8000 e 006263033
8500 1009064854
9000 «012543609
95040 e016719469
11000 +033372697
120000 047635694
130050 «064028021
1400.0 «D82152083
150040 «101613796
16000 2122049523
17000 0143138634
1800+0 e164607699
190040 2186229330
20000 0207818342
21000 0229226731
22000 « 250338399
23000 0271064095
2900.0 0384663779
340000 1463891770
39000 #530227372
440040 +585705960
490040 +632303043
54000 0671695599
59000 + 705240506

260'09000
Is 10000.0

+ 000000000
+000000000
»000000000
«000000000
»000000003
+000000161
«000002335
+000016492
+000072840
1000233155
1000553088
1001273523
1002405352
«004113537
+006504571
+009658917
«013628161
+018435775
v024080157
2+ 045732308
1063586023
«083589331
v105227471
«128025360
«151568153
«175507266
¢199558204
+22349%4326
1247139050
+270357903
+29305{115
+315147088
433493926
v513671872
+579503059
1633705676
1678644945
+716218691
+747908149

1-93

ATMOSPHERIC TRANSMITTANCE (page 3 of 16)

I= 200040

* 000000000
+000000000
+000000000
+000000000
+ 000000085
+000002353
+000023274%
+000123309
v 000435512
2001165777
1002561806
+Q04869470
0008295601
©012986129
1019019482
1026410990
1035123363
*045079394
'056174378
»095046639
+ 124336651
0155233506
+186965415
v218920287
*250631749
' 281756870
»312052683
+341354770
0369559078
+396607113
1422474205
+ 447160363
¢572130482
»650841881
~+689458352
»¢719216093
-+743816110
0764481386
-+782079812

I= 400,0

+ 000000000
¢+ 000000000
« 000000000
+000000027
« 000002123
+000034394%
+000231954
2+ 000921949
¢002603958
¢ 005828885
2011065564
+018619014
2028609950
0040996237
+ 055613303
0072217247
+ 090522162
0110228714
2131044024
21975378836
2243128946
e 288283697
0332195253
0374348425
= 403983233
-2 426106774
w1 446787225
se 466140135
e 484273464
«+501286899
w2517271788
= 0532311443
»e 606486521
=1652768R545
=-2689458352
»0718216093
=2 743816110
=1764481386
=9782079812



TABLE C-1 ATMOSPHERIC TRANSMITTANCE (page 4 of 16)

BASE LINE

50000000

L E T L L L b L e R

RvR

5040
10040
1500
2000
250+0
30040
3500
40040
4500
5000
5500
60040
65040
7000
7500
8000
85040
8000
9500

110040
120040
130040
140000
{50040
1600+0
170040
18000
19000
2000+0
210000
2200.0
23000
29000
3400.0
390040
44000
49000
540040
590040

Is 20000+0

+000000000
+ 000000000
000000000
+000000000
»000000085
+000002353
0000023274
»00012330°9
+000435512
+001165777
2002561806
« 004869470
1008295601
2012986129
0019019482
00264109390
035123363
«045079394
¢ 056174378
» 095046639
0124336651
+155233506
v186965415
218920287
v250631749
2281756870
+312052683
¢341354770
0369559078
+396607113
2422474205
447160363
572130482
0650841831
=+689458352
=+719216093
=s743816110
«e 764481386
-+782079812

2600000000
I= 10000.0

+000000000
+000000000
» 000000000
+000000003
+000000340
+000007469
2000062649
»000293280
+000940759
1002331554
«004810718
1008676409
014138697
«021305961
030191546
0040731314
1052804698
1066254740
+080904953
« 130247255
v 165969517
+202659158
.239481512
v275822278
«311248996
+345471916
»378309602
« 409660788
+ 439482285
«467772092
1494556718
1519881787
-+ 606486521
- 0652768545
1689458352
~¢719216093
~e743816110
ne764481386
-4782079812

I= 200040

¢ 000000000
¢ 000000000
»000000000
+000000150
+000008494
+000109193
s 000624374
1002192776
v 005624860
+011657771
0020779599
+033175311
eQ4B761677
0067281325
v 088280616
+111374220
0136091621
v162006942
+188735703

~2267570103

-e298642162

-4327735972

-+354919231

-¢380295246

-+403983233

0426106774

- 446787225

466140135

e 484273464

-+501286899

=0517271788

=e532311443

-e606486521

-+652768545

91689458362

-+719216093

0743816110

~e764481386

-e782079812

I= 4Q0,0

»000000000
+000000000
+000000025
+000008400
+000212349
+001596418
«006222626
+016394828
«033631408

-+055000000

=+071593760

~+089187141

-+107410867

-¢125967661

—elbbbRuu7h

»+163202453

»+181566983

-+199618825

»e217286625

©+267570103

-e298642162

-¢327735972

»+354919231

~+380295246

-+ 403983233

-0 426106774

-0 446787225

~r 466140135

- e 484273464

«¢501286899

-+517271788

-¢532311443

» 0606486521

-+ 652768545

-+ 689458352

=4719216093

-+743816110

~0 764481386

-¢782079812



TABLE C-1.
BASE |INE 250400000
RVR 1= 2000040
5040 000000000
10040 +000000000
15040 +000000000
20040 +»000000003
25040 000000224
30040 »000003898
35040 000028787
40040 +000125685
45000 000388626
50040 +000946970
550.0 0001944663
60040 1003517746
65040 005777679
70040 008802727
75040 1012636251
80040 1017289604
85040 1022747431
90040 1028973754
95040 035917852
110040 060430193
120040 1079170135
130040 »099233309
140040 «120176438
150040 +141629084
160040 163291807
170040 +184928740
180040 1206358246
190040 227443537
2000+0 248084150
21000 «268208605
220040 «287768266
230040 306732325
290040 407665680
340040 476180189
390040 1532993463
44000 580402673
490040 1620309430
540040 654211996
590040 683273777

200000
I= 10000,0

+ 000000000
+000000000
+000000000
+000000007
«000000448
+000006345
+000047229
+000193832
1000571177
+001339217
¢ 002664871
$ 004695627
«007542828
»011275296
«015920678
«021471229
«027891418
1035125637
1043105112
+070740788
+091469429
+113382977
+136011203
«158973271
+181970224
2204773394
0227212149
1249162574
«270537684
1291279293
»311351422
+33073%032
« 432767873
»501078630
«557209712
1603716366
642638968
1675546234
07036339581

ATMOSPHERIC TRANSMITTANCE (page 5 of 16)

1= 20000

» 000000000
¢ 000000000
» 000000000
» 000000050
» 000002242
2000026555
+00C149100
+ 000530008
+001396649
2002994581
v 005538470
2009181869
2014007763
» 020033650
v 027223976
0 035504634
v Qubt776485
+054926579
2065836730
+101982748
0127907119
0154513050
1181297057
2207883065
+233999211
0259455711
v 284125830
0307930386
1330825531
0352793298
0373834401
2393962785
v497177021
'564028091
0617766632
661527017
+697635853
v 727804606
0753299423

1= 400.0

2000000000
+00000000C0
«00000C001
»00000Q371
+000011209
+000101536
000470697
+001449235
+003415104
+006696087
»011510745
e017954305
0026013777
» 035595245
e046552345
+058710147
0071883533
2085889660
2100555940
0147022407
2178860100
01210563201
2241661144
027 184C470
300904344
2328740296
1355295645
0380559252
1404548196
+ 427298179
448856659
469278005
571172228
26348857462
0684904810
2724872778
+757339357
2784105540
2806464041



TABLE C-1.
BASE LINE 250+,00000
RYR I= 200000
500 +000000000
1000 «000000000
150.0 « 000000000
2000 +000000069
2500 +000002914
3000 » 000033044
3500 +000179831
40040 0000624449
45040 e001615806
5000 e003414348
55000 0006239966
6000 «010242536
6500 v015495056
70040 1022001594
7500 2029712054
80040 0038538281
8500 «e048368515
900.0 e 059079047
95040 2070542906
110040 +108248759
1200+0 » 135093022
130040 0162508974
140040 189993079
150040 0217174920
160040 0243751210
1700.0 1269661912
180040 0294670176
19000 0318746257
2000+0 ¢+ 341855001
21000 1363986278
220040 1385147756
230040 405359491
2900+0 ¢508550107
340040 575014667
390040 0628244229
440040 0671462309
490000 ¢707037141
540040 0736698787
59000 761720674

2600000
I= 10000.0

+ 000000000
000000000
+ 000000000
2000000164
» 000005829
2000058878
0000295044
2000963032
+ 002374806
«004828617
1008550944
1013672145
«020228977
0028181548
«037434842
047853065
+059306321
0071623068
0084658733
1126718153
+ 156080087
+185681114
+215027071
243770606
271677692
0298599260
¢ 324448600
¢349183974
0372795522
+395295541
416711346
« 437080063
+539864303
2605080951
1656788141
1698434392
¢732488653
760722968
+ 784424683

ATMOSPHERIC TRANSMITTANCE (page 6 of 16)

I= 2000.0

* Q00000000
« 000000000
¢ 000000005
+000001226
0000291 44
¢ 000225129
0000831432
0002633281
¢ 005806905
e010797116
0017771647
2026734630
0037567176
0050072237
*064012680
0079139324
2095209525
¢1119982855
0129303786
»182681956
0218256029
253037589
0286621794
2318769189
0349355868
378336667
v 405718744
1431542965
+ 455870970
0478776285
+500338284
e 520638162
0620212688
2681096007
0728167132
0765314288
0795174851
2819570374
0839785988

1= 40040

« 000000000
« 000000000
«+000000074
0000009165
2+ 000145722
2000860809
1002940461
2+ 007200347
014199115
2024143085
¢036935273
2052277122
0069765894
+ 088967040
e109460143
130864082
¢152848018
2175133647
e187492850
0263361613
+305200331
e 344827862
382054468
04168431873
e 449243814
+479367007
507345998
+533327255
557459329
2579886963
2600747739
+62017034°
v712519381
0766660675
¢807303511
¢ 838598394
e o BO244T7T744
r2 874346262
e BRY352764



TABLE C-1. ATMOSPHERIC TRANSMITTANCE (page 7 of 16)
BASE LINE 250400000
ET= 26000000

RVR I= 2000040 I= 10000.0 1= 20000 1= 40040
5040 + 000000000 ¢ 000000000 2000000000 »000000000
10040 « 000000000 ¢ 000000000 » 000000000 + 000000001
15040 + 000000005 000000016 +000000233 +000003412
200s0 » 000001226 » 000002915 ¢ 000021798 2000162979
25040 2000029144 +000058289 + 000291444 2001457221
30040 + 000225129 » 000401134 2001533787 2005864622
35000 000931432 001528173 'QQ04824328 ¢015230043
4000 2002633281 «004061074 0011104453 2030363612
45040 + 005806905 +008534609 2020868936 »051028989
50060 2010797116 0015269428 0034143478 0076347138
55000 2017771647 2024353394 2050614288 + 105192982
60000 2026734630 2035688449 2069781586 +136451508
650120 +037567176 +04904%387 +091080191 2169144760
70040 » 050072237 $064136862 0113956697 2202475275
7500 064012680 1080650923 2137911139 2235824730
80040 +079139324 +098275788 +162514583 1268732668
85040 +»095209525 0116739716 2187412281 +300869012
90040 0111998255 +135778404 +21231908¢ »332007099
95040 0129303786 +155177825 ¢ 237011346 + 362000034
110040 01182681956 2213851136 0308296349 2444450343
120040 0218256029 0252162492 ¢352614026 493081075
1300+0 0253037589 +289118195 9393996835 +536920549
140040 1286621794 0324387841 2432394976 2576363820
150040 +318769189 +357806317 2467889182 21611840195
160040 0349355848 0389317548 +500631351 -0635596753
17000 2378336667 1418935874 +530807753 2652768545
180040 1405718744 +446719380 *558616759 ~e668421443
190040 431542965 v 472751865 *584255740 0682744540
200040 1455870970 «497130818 *607313709 = 1695897596
2100.0 478776285 1519959521 1629767507 -+708016171
220040 «5003387284 541341958 ' 6499801587 ~e719216093
230000 +520638162 0561379629 2668700503 =0729596767
29000 + 620212688 658402556 2756393074 =0778772445
340040 2681096007 ¢716709057 *806747718 =+807940929
390040 2728167132 0761250983 ~+830336289 =+830336289
440040 ¢ 765314288 +796056327 -*848066090 =0 848066090
49000 9795174851 +823799093 0862447744 =eBER4LT 744
540040 2819570374 + 846297046 -e8743%46262 =+874346262
59000 1839785988 »864816829 * 0884352764 e 884352764



TABLE C-1.
BASE LINE 250, 00000
RVR I= 200000
500 « 000000000
10000 +000000000
15000 » 000000233
2000 1000021798
2500 2000291 444
300.0 »001533787
35040 «004824328
40040 011104453
4500 + 020868936
5000 034143478
5500 0050614288
6000 «069781586
65000 «091080191
700Q.0 0113956697
7500 0137911139
800.0 e162514583
85040 0187412281
9000 0212319086
9500 0237011346
1100.0 ¢308296349
120040 ¢ 352614026
1300.0 393996835
140040 432394976
15000 «467889182
16000 5006313561
17000 +530807753
18000 0558616759
1900.0 +584255740
20000 607913709
21000 0629767507
220040 +649980157
23000 0668700503
29000 0756393074
34000 0806747718
39000 =e830336283
440000 =9 B48066030
49000 = e B62447 744
540000 -3 874346262
59000 »e 884352764

2600200000
I= 1000040

+000000000
+000000000
«000000741
+000051845
+000582889
1002732898
0007915134
»017125408
0030671794
+048286170
+ 069359339
0093147242
+118506254
' 145965616
0173757147
+201820004
1229792728
1257399962
0284&37961
+360897845
+407393566
450176807
+ 489368482
+525187850
+557896940
587768591
+615068779
1640047489
1662934601
+683938661
«703247267
+721028285
*e 778772445
~¢807940929
~¢830336289
=+848066090
=0 862447744
=0 874346262
c s 884352764

ATMOSPHERIC TRANSMITTANCE (page 8 of 16)

[= 2000+0

«000000000
+ 000000005
«Q00010833
0000387632
2002914443
01010449568
024987486
Q46827091
v074999066
0107971158
0144151307
0182140911
2220820463
0259347884
0297120542
0333727763
348905979
1402500860
0434437225
-+517271788
-e546481621
~e572482289
=0595750981
=0616680830
0635596753
m e 652768545
20668421443
v 0682744560
=2 695897596
~e708016171
»0719216093
»0729596767
me778772445
«0807940929
-e830336289
-+848066090
=2 862447744
~0874346262
=0 384352764

1= 40040

+ 000000000

1000000262

»000158385

002898224

2014572214

0039955204

+078883625

2128042230

+183388679
=+234520788
22675704103
=029B642162
»0327735972
=1354919231
=¢380295246
=2403983233
no 426106774
= h46787225
-2 466140135
»eD46481621
=e572482289
~1595750981
-e616680830
=-¢635596753
-2652768545
~e668421443
0682744560
«2695897596
=e708016171
-0719216093
-+7295396767
e 778772445
-+807940929
=9830336289
=+84B8066090
« 1862447744
=e874346262
«e 884352764



TABLE C-1.

BASE LINE

7500000

--.Q---------------.-.-.-

RVR

500
1000
15040
20090
25040
3000
3500
40000
4500
5000
55040
60000
65040
7000
75090
8000
85040
90040
9500

11000
120090
130040
140040
15000
160020
170040
18000
19000
20000
21000
22000
2300.0
290040
340000
390040
L4000
490040
5400+0
590040

Is 200000

+000000000
«000002606
»000284091
+002715170
»010120073
«023836565
s 043426765
+ 067574801
0094811175
»123851373
0153692721
+183602813
0213071824
0241760401
+ 269454517
+296029855
» 321425040
s 345622041
+368632064
+ 430899703
467270556
+500031359
+529597343
v556346978
580616426
1602700183
1622854417
+641301240
+ 658233082
1673816765
v688197150
+701500305
» 763996282
¢ 800444817
827973744
+849412839
866527829
1880472003
«892027875

ATMOSPHERIC TRANSMITTANCE (pag

2!09000
1= 10000-0

«000000000
» 000004384
»000401765
»003521140
1012459272
«028346612
2050380666
2076953415
106421946
«137421702
0168928469
«200220288
0230813993
« 260398442
288794201
0315905448
341697008
»366173798
+ 389366545
0451752919
+ 487958391
«520432437
»549632500
1575966512
«599791213
621415467
e641105444
+659090183
1675566850
+690705451
« 704652920
+717536602
«777815340
812777672
+839084316
1859508180
»875770107
«888989278
«899922434

1= 20000

«000000000
+000014657
«000898374
1006438683
»020192201
«042388072
»071128425
+104060229
1139163774
0174944714
+210386048
e244838287
0277914137
+309405497
1339223139
+ 367354625
+393835627
0418730663
« 442120321
«504147959
+539595620
+571070268
1599124703
2624231577
1646791521
v 667143087
1685572226
+702321177
+717595498
+731570354
v 744395568
v 756199802
+810873886
1842151488
1865460665
+383413996
0897611974
+909084891
+918523539

e 9 of 16)

1= 400,0

»000000000
+000049009
«002008826
1011773641
1032724623
+ 063384952
+ 100420524
« 140715407
«181978968
\222713388
+262017940
0299399163
«334627034
» 367635692
+398457925
» 427182989
453929936
478831006
«502021502
0562619861
1596697256
626635135
«653073480
676541176
697474826
716235565
733123204
v748387776
1762238851
+774852989
«786379714
+796946302
«845337480
+872586875
'892666146
+907984714
+919998582
+929634766
1937509122



TABLE C-1.

BASE LINE

sevesaeoew

RyR

500
10060
15040
20040
250.0
300.0
35040
400.0
45000
50040
5500
6000
65040
700.0
7500
80040
85040
900:0
95040

11000
1200.0
1300.0
140000
15000
16000
1700.0
180040
1900+0
200040
210060
2200+0
23000
290040
340040
390040
440040
490040
540040
550040

75400000

I= 2000040

+Q00000000
+000017845
2001024304
2007104374
¢021845735
0045261559
0075241878
»109307297
0145384048
+181966871
¢218049285
+253001008
+286456017
¢318226426
¢ 348240922
0376502359
¢ 403059188
427986474
2451373444
+513247542
+548516726
¢579779966
2607604994
0632474327
+654795088
2674910031
1693107909
¢ 709632550
« 724690522
2738457496
»751083483
0762697115
2816394603
+ 847039526
1869838352
2887373575
0301223833
»912403592
+321592057

2600000
I= 1000040

»000000000
»000030011
1001448585
009213233
«026895254
+053825367
0087290314
v124477907
«163188076
1201904885
1239664777
+275899555
©310307433
+34275%64
+373235378
1401780878
428479744
+ 453435874
2476761887
+538085948
1572801636
+603434755
+630591252
+654778485
1676415616
«695867604
0713417521
+729316923
+74377%365
v756966351
+769042954
+780132371
+831161434
+860090289
+881510705
»897920083
1910836174
0921229759
0929748262

I-100

ATMOSPHERIC TRANSMITTANCE (page 10 of 16)

I 200040

2000000001
¢ 000100348
2003239135
1016847126
1043587971
2080487698
0123238199
v168325206
0213394599
2257035037
'298482108
0337382266
1373630709
V407266885
*43840934¢
v 4467215994
*493860305
*518577451
'541356521
2600494033
»633417233
2662148672
1687373465
0709647866
0729424612
0747073842
2762899836
0777154225
» 790046369
*801751515
2812417221
*322168435
21866487285
0891173985
2909220714
1922894243
»93355259¢
'942054168
v948965857

]= 40040

+00000001 4
+000335532
»007242925
+030806302
+070641133
+120357180
+173990136
*227617700
*279047685
+327218484
©371734054
412566064
* 449876128
*483914619
*514963972
+543308049
+5692171¢7
+592940175
+614702833
1670140310
» 700447356
1726575425
* 749268690
+769115213
» 786583137
+802048151
1815814221
+828129267
+839197045
*849186348
+858237810
+866469539
»903314548
»923381047
+937801779
+*948563060
»1956576786
=+960516959
~¢963801641



TABLE C-1.
BASE LINE 75.00000
RVR Is= 200000
500 +000000001
1000 1000100348
15040 +003p39135
20040 2016847126
25040 043587971
3000 2080487698
35040 2123238199
40040 01168325206
45040 +213394599
500.0 2257035037
55040 2298482108
60040 2337382266
6500 +373630709
70040 407266885
75040 2438409346
8000 2467215994
85040 493860305
900+0 +518517451
9500 541356521
11000 1600494033
120040 ¢633417233
13000 1662148672
140000 687373465
150040 +709647866
16000 0729424612
170040 e 747073842
18000 2762899836
190040 0777154225
200060 0790046369
21000 2801751515
220040 0812417221
23000 1822168435
290040 0866487285
340040 0891173985
39000 909220714
440040 0922894263
49000 2933552596
54000 +942054168
59000 1948965857

26000000
la 1000060

+000000004
«000168764
«004580828
«021848019
1053663087
1095716543
+142972256
0191686831
1239527338
«285198231
»328071004
0367917970
404740621
1438664321
+ 469875502
« 498585063
«525007600
«549350103
+571806251
2629554697
0661461010
0689164070
0713377438
0734673544
+753513771
0770272273
+785254508
798711569
+810851279
+821846785
»831843269
+840963206
+882160185
«904904750
v921421539
1933862937
+943509751
v951167160
095736&32“

I-101

ATMOSPHERIC TRANSMITTANCE (page 11 of 16)

I= 200040

2000000040
2000564296
+0102%3043
»039950831
+ 086969437
*143129615
v 201851070
2259208450
0313220436
»363071640
* 408584549
+ 449906483
+ 487334524
0521221061
1551924666
+579785969
2505117084
1628198233
0649278080
2702571477
2731458810
0756219409
0777614216
+796238002
+812559950
0826953667
+839719403
+851100599
v1861296299
'870470535
0878759493
* 886277033
0919653574
2937608042

0945749686

=9951763202

=0956576736

»1960516959

9963801641

I= 400.0

» 000000445
»001886836
+ 022904141
¢ 073053254
140947591
2214028696
« 284977349
2350514534
» 409585987
1462208394
«508857325
+550165688
«586783056
0619315000
»648301168
0674211474
0697450256
e718363422
0737246269
2784056862
2+ 808863988
¢829799201
847635258
0862961462
«2872879916
«+879888751
=2886166059
«+891820548
=e836940431
«2301598028
=e905853192
=9909755878
«0927733359
=0938023854
=929457494686
»e351763202
=0356576786
«-1960516959
=0963801641



TABLE C-1. ATMOSPHERIC TRANSMITTANCE (page 12 of 16)
BASE LINE 75,00000
ET= 1000+00000

RVR I= 20000s0 I= 1000040 I= 200040 1= 40040
5040 +000000009 +000000027 *000000300 +000003357
100¢0 1000275598 «000463499 v001549803 +005182080
15040 1006352466 «008983743 ¢020088261 1044918717
20040 »027919704 +036207376 » 066208051 »121066659
25000 + 065294207 « 080386598 +130279071 +211137636
3000 «112716155 ¢ 134042854 1200440818 v299728933
35040 2164478144 +190815928 2269397717 1380341046
40040 +216691388 0246765690 +333688816 *451230583
45040 1267108596 0299819262 *392061801 +512683726
50040 «314591023 1349060595 *444371631 +565707356
55040 +358669679 +394225043 0490973781 1611466111
60040 +399255201 435390884 1532415368 1651061228
65040 436461197 472802614 +569285673 1685457669
7000 + 470500973 0506773316 1602148187 +715472632
75000 +501628807 ¢537632443 +631513252 v 741787429
80040 +530107502 «565699132 1657830416 -+761919348
85040 +556191207 «591269652 +681489883 = 774204215
50040 +580117008 0614612560 +702827800 -+785290284
9500 «602101469 1635967926 0722132773 -+795343890
110040 «658259108 +690115290 +770155986 »+820570005
120040 »689055242 ¢719562323 +795708579 - +834204769
130040 ¢715660504 « 744859163 *817333609 ~+845918683
140040 ¢738811210 766761121 1835804885 =+856090011
150040 2759091684 +785860995 +851714878 - 865004037
16000 2776968724 802628022 1865522848 -+872879916
17000 +792818051 «817436949 v877589011 -+1879888751
1800¢0 +806944437 +830583714 -+886166059 -+886166059
15000 +819597018 842331676 -+891820548 »+891820548
200040 »830980975 +852863848 -0896940431 -¢896940431
21000 + 841266506 1862352188 -+301598028 »+901598028
220040 +850595755 +870934706 ~+905853192 -+905853192
230040 +859088203 «878726960 ~+909755878 -+909755878
2900:0 +897206050 +913434587 =+927733359 -+927733359
340040 1918052462 +932197357 «+938023854 -+938023854
39000 1933082048 2945603068 -+ 945749686 ~2945749686
440040 ¢ 944330445 =0951763202 =0951763202 -+951763202
450040 »953000833 »2956576786 =+956576786 »+956576786
540040 + 959845306 »+960516959 =4960516959 -4960516959
590040 -1963801641 »e963801641 »+963801641 -2963801641

I-102



TABLE C-1.

BASE LINE

6000000

L L LRl e

RVR

50+0
10040
15040
20000
25040
30000
3500
4000
45000
5000
5500
600+0
6500
7000
7500
800«0
8500
90040
85040
11000
120040
13000
1400.0
15000
1600»0
170040
18000
1900.0
20000
2100.0
220040
2300.0
2900.0
340000
39000
4400.0
4900.0
540040
590950

I= 2000040

+000000005
»000158930
¢ 004058291
«019108238
« 046934622
«084058881
«126231488
»170184234
+213802808
+255854973
1295694831
»333041076
+367829332
«400118833
« 430035039
» 457735042
» 483387105
+507158881
+529210928
«586491203
v618517369
« 646562576
0671269736
1693161321
0712663194
«730124138
+ 745831435
4760023153
+772897789
+ 784621858
+ 795335869
«805159058
+850198041
+875634655
+894439236
« 908835314
+920165900
+929286417
«936765695

ATMOSPHERIC TRANSMITTANCE

26400000
I= 10000,0

«000000011
+ 000240893
2005354947
«023525001
0055429444
»096558298
0142158504
.188831230
+ 234504260
»278046518
1318921185
« 356944587
»392133317
424611316
454558794
1482160258
+507626443
531148516
+v552893169
+609089791
0640329337
667581443
1691509822
0712648739
+731430313
« 748206186
2763264418
+ 776842599
+789138015
+ 800315558
0810513920
2819850450
1862478558
886411201
«904028397
«917468357
928009060
936471073
+943392241

I-103

(page 13 of 16)

ls 2000¢0

+000000076
*000632711
0010193967
+038125948
0081563025
¢133224348
0187325230
2240391620
0290634213
0337232542
+380132185
' 419273R74
2454939924
1487419925
+517015833
*544Q019117
1568700089
0591303843
0612049712
1664977509
2693987902
¢719058807
740890815
* 760036275
0776934363
0791937347
0805330259
08173§5677
e 828174902
0837976484
¢846882769
2855004970
0891681498
0911947842
0926692093
0937824463
e946479109
¢953368285
0958959950

1= 400.0

2000000523
0001661833
2019405785
2061789069
e120017929
0183813584
246842367
¢306030579
1360199196
140913841419
e 453091500
2492487034
2527806044
559519199
+588059734
e613814172
2637121638
2658277031
0677535682
2725993268
v75214296°
0774505603
0793798123
0810574844
» 825269330
838224506
849714477
+ 8599608506
1869142857
0877409642
0884883536
891666888
9921873230
0938220169
03499239460
+ 958634305
-0965107838
»0968286841
»0970934938



TABLE C-1.
BASE LINE 60+00000
RVYR 1a 200000
5040 «000000076
100.0 «000632711
15040 2010193267
200.0 0038125948
2500 +0B1563025
300.0 0133224348
35040 0187325230
4000 ¢ 240391620
45040 0290634213
50040 0337282542
5500 ¢« 380132185
600+0 0419273874
650.0 f 454939924
7000 + 487419925
750.0 ¢517015833
800.0 544019117
85000 +568700089
90040 0591303843
9500 e612049712
11000 2664977509
1200.0 0693987902
130040 ¢ 719058807
14000 s 740890815
15000 e 760036275
160040 +776934363
1700.0 ¢791937347
18000 + 808330259
190040 0817345677
200040 +828174902
210040 0837976484
2200.0 e 846882769
230060 855004970
29000 1891681498
340060 0911947842
3900.0 e 926692093
44000 0937824463
4900.0 0946479109
540040 0953368285
590040 ¢ 958959950

26000000
1= 10000.0

+000000174
¢ 000959010
»013451020
1046938548
1096325334
+153034589
1210960631
1266731202
0318774865
1366536697
¢ 409990957
+ 449366611
+ 484999661
+517256373
5464950862
+573048540
+597217427
1619269040
«639438997
«690600319
+718461333
«T4243%427
1763230111
+ 781403804
0797393985
2811550243
0824153961
+835433681
845576617
+854737363
«863044532
+870605880
«904561214
+923171299
2936627032
+946730812
1954546554
»960739127
+965743496

I-104

ATMOSPHERIC TRANSMITTANCE (page 14 of 16)

1= 200040

2000001202
+002518867
0025606087
0076071267
1141740293
0211146362
«277987229
«339562188
2395075475
s444624983
1488681109
0527834534
2562680343
0593769061
0621589748
V646567932
0669069960
s 6894096566
e 707855470
0753967128
v 778667234
+799683722
0817732678
+833363204
¢ 847001794
e 858983738
0869575611
¢87899158%
22887405396
1894959248
¢901770499
907936752
0935189044
0949766963
=-+956359033
0961220728
0965107898
0968286841
-+970934938

1= 400,0

¢000008293
006615875
+048745128
0123285401
01208567256
+291324899
«366309578
1432279683
¢ 489639078
0539349478
2582474375
0620004442
+ 652802865
2681599525
«707003303
»729519511
2749567228
0767494471
¢+ /783592132
1823148229
+843918292
2861347525
+ 876127295
2888777642
=0896940431
=0902697444
-2907845802
=e912477112
»e916665488
«20920471535
=¢923945288
=0927128425
=e941756309

'-9350103912

4956359033
-+1961220728
965107898
~+968286841
»+970934938



TABLE C-1.
BASE LINE 60400000
RVR I= 20000¢0
5040 000001202
10040 «002518867
1500 »025606087
20040 1076071267
25040 141740293
30040 1211146362
35040 277987229
40040 +339562188
45040 +395075475
50040 V44624983
55040 488681109
60040 527834534
65040 +562680343
70040 +593769061
75040 1621589748
80040 1646567932
85040 1669069960
90040 «689409666
95040 +707855470
110040 753967128
120040 778667234
130040 +799683722
140040 1817732678
150040 833363204
160040 +847001794
17000 +858983738
180040 869575611
19000 +878991585
200040 887405396
210040 1894959248
220040 901770499
230040 1907936752
290040 935189044
340040 1949766963
390040 4956359033
440000  =4961220728
490000  =4965107898
540000  =¢968286841
5900+0  «4970934938

260000000
1= 10000,0

»000002762
+003817889
1033787434
«093654715
»16739%246
1242543479
313061735
+376767838
+ 433328650
1483189470
1527066225
+565715046
+599858929
1630115461
+657031577
0681069467
«702620323
722014692
1739532072
+783018872
1806126874
1825680348
+842388906
»856792233
1869306556
+880257086
+889900977
1898443824
+906051669
0912859873
+918979731
¢924503485
*+941756309
=+950103912
»+956355033
=+961220728
»+e965107898
=e968286841
*497093%938

I-105

ATMOSPHERIC TRANSMITTANCE (page 15 of 16)

Is= 2000.0

+000019052
+010027792
+064319582
0151782132
9246316398
0334644432
+412527986
479644339
¢537048372
e586129880
0628226801
1664504308
1695936213
0723322293
2747318247
0768447428
e787154108
*803792658
1818657957
=2853674896
=20865004037
«e874707587
~9883111507
~e890460189
-+896940431
«e902697444
=0907845802
=e912477112
=09016665488
=9920471535
» e 923945288
=e927128425
=0941756309
=¢950103912
*» 0956359033
=0961220728
=9965107898
=0968286841
-+970934938

1= 400.0

+000131432

2026338274

0122442225

1245986714

0362448350

24617188459

2543596743

0610611282

2665594010
~e706063112
=2 728760828
=2 748231985
»»765113362
e /79885934
=e792919348
=2 804502136
~e8148624675
=2824184000
=1832614480
-e853674896
=e865004037
=e874707587
-2883111507
~1890460189
=9e896940431
=0902697444
=e907845802
=0912477112
=0916665488
=e920471535
=0 3923545288
=0927128425
~2941756309
=2950103912
=-¢956359(033
«e961220728
-2965107898
=2968286841
=+970934938



TABLE C-1.
BASE LINE 60,00C00
RVR Is 2000040
5040 «000000000
1000 « 000034107
15040 0001454675
2000 e 008851923
2500 « 025359864
30040 ¢ 050326292
35000 1081321613
40040 ¢115831804
45000 0151875466
50040 v 188070492
55000 0223523217
6000 0257693501
6500 290282476
700.0 +321150154%
75040 + 350258251
8000 ¢377631670
850.0 e 403333008
900.0 427445889
95040 s 450064218
11000 +509918720
1200.0 544069941
13000 ¢574377995
140040 0601390604
15000 e 625570970
160040 2647308716
1700.0 0666931237
1800.0 684714049
19000 ¢700883678
2000.0 1715655090
21000 «729177820
2200.0 e 741600981
230040 e 753047361
29000 ¢ 806256068
3400.0 1836883716
3900.0 + 859831303
440040 1877596852
490040 e891714876
5400+0 +30317610°
55000 + 912646811

200000
I= 10000.0

+000000001
«000051696
¢001919455
+010897996
+029949813
0057809729
0091582212
v128523434
+166580805
1204382760
«241080607
1276189056
+309462623
« 340808726
370229290
+397782488
0423558051
447661568
470204636
+529566829
563256526
+593050239
+619523698
1643158164
+ 664354803
1683448267
¢700718481
«716400490
+730692525
»743762550
¢755753566
v766787894
e817901874
+847183349
0869049437
-88593}230
+8993155631
+910158897
0919102744
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1= 20000

»000000003
«000135781
»003653978
0017661909
* 044070393
2079761798
0120679793
0163616772
206452886
' 247925193
¢287351553
0324416897
0359028158
¢391221235
0421103038
' 448816081
s 474517245
1498365318
520513959
0578157828
0610456514
¢ 638780485
e663764133
16859249529
0705685923
0723394457
0739337223
+753752232
2766838245
2778762227
2789665243
0799667135
2845595477
1871589874
1890836222
e905589588
0917214496
0926081344
0934269632

ATMOSPHERIC TRANSMITTANCE (page 16 of 16)

1= 4004.0

+ 000000024
+ 000356433
¢ 006955909
1028623889
1064848458
2110049718
01159022283
0208292351
1255868580
+ 300744061
e 342503349
+381066232
v 416532429
« 449090776
0478967422
1506397042
0531607451
554811957
0576206104
«631207350
1661611785
+688037000
0711163794
«731535447
2749588353
1765675421
2780084363
0793051422
804772012
+8B15408905
0825098583
833956212
B74226767
0896699528
0913169194
1925684154
935469702
943300111
0949686800



APPENDIX D

SIMULATOR SOFTWARE

A complete listing of the simulator software is included in this
appendix. The software was specifically written for a configuration
consisting of a PDP-11/10 minicomputer with 8k memory, a teletype
(including a slow paper-tape reader/punch), and the simulator-interface.
Also included in the appendix is a listing of PDP-11 instructions, a
brief software description, typical teletype I/O, estimates of the
processor time requirements for an RVR update, and comments on the pro-
gram size.

D.1 SOFTWARE DESCRIPTION

RVR VISIBILITY PROGRAMME

CALCULATES RYR FOR A GIVEW BASE LENGTH.TRANSMISSIVITY OF A TRANS-
MISSOMETER. RUMLIAY LIGHT INTENMSITY AHD PILOT'5 %ISUAL LUMINANCE
THRESHOLD. USES ALLARD®S AND KOSCHMIEDER'S LAWS 1IN CALCULATIMG
RYR.VARTOUS PROVISIONS OF THE PROGRAMME ARE AS FOLLOWS:

PARAMETER LIST

LIST IS INPUT FROM TTY KB AMD CAN BE INFUT ANYTIME DURIMG
THE FROGRAMME FLOL) WITH THE HELF DOF EXECUTIVE PROGRAMME.LIST
IS A3 -FOLLOWS:
SCALE: SCALE IN INTEGER ARITHMETIC =2#5CALE
EXITSC: EXIT CRITERIAW INM ITERATIVE ROUTIMES 1S--
EXIT IF CHANGE IM RVR<{RWR-ZMEXITSC
BASE: BASE LEMGTH OF TRAMSMISSOMETER.IN FT.
PRATE: MAX. PULSE RATE. IM FULSES-SEC
TL: TIME WIMDOUWL. IM SECS.DURING WHICH PULSES ARE COUNTED.
INMODE: IMPUT MODE IW DATA LIST DESCRIBED BELQOL.
INMODE=R:DATA LIST IMPUT FROM TTY KB
[MMODE=1:DATA LIST INPUT FROM INTERFACE.

DATA LIST

DATA LIST: INTSTY.ET.HPULL.NPULZ
IT IS ASSEMBELED FROM! TTY OR INTERFACE DEPENDING OM THE
FLAG INMODE.RSSEMBLY IS5 DESCRIBED BELOLWI.
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TT¥ MODE:
INTSTY:
ET:
MNPULL:
MPULZ:

INTERFACE MODE:

RUNLIAY LIGHT INTENSITY .IN CANDLES

PILOT S VIsuAL ILLUMINANCE THRESHOLD,MILE-CAMDLES.
PULSE COUMT FOR TR.1.

PULSE COUNT FOR TR.Z.

INTSTY:ASSEMBLED BY CHECKING POSITION OF RUNWAY

ET:

NPUL1:

NPLL.2Z:
RSELCT:

MOTE--IN

LIGHT SETTIMG SUWUITCH.
FOs. IMTEMSTY . CANDLES
<4688
2.000
18.688
: 20,8688
SSEMBLED BY CHECKING B~G ILLUMINANCE
WITCH SETTIMG.
0s. ET.MILE-CAMDLES
2 MIGHT.
26 INTERMEDIATE
269 NORMAL DAY
2608 BRIGHT DAY
FUPSE COUMT ACCUMULATED DURIMG T SECS.
PULSE RATE DEFENDS OM SWITCH SETTING.

MO — T U D Ju ) D)o

POS. FREQ. ~SEC
B JRalaals)
1 188

2 a8

3 23

4 12.9
3 .25
& 3.123
i 1.@@
8 f.5

9 8.16e?

PULSE COUNT FROM PRESET COUNT TRAMSMISSOMETER
RUMWAY SELECTOR SWITCH FOSITION SETTING FOR
STROBING CORRESFOMDIMG RVR OM WISUAL DISPLAY.

INTERFACE MODE A PROVISIM IS MADE IN

SOFTWARE WHEREBY QME CAN MAKE CHAMGES IN VARIOUS
SWITCH SETTINGS AT AFPROFRIATE RUN TIME.FOR EX..
PULSE RATE SWITCH SETTIMG CAM BE CHAMGED IM

BETWEEN TIME WINDOWS.WHEN & 5%¥MBOL IS PRINTED ON

TTYv.PROGRAMME GOES

IMTD STALL MODE LRITING FOR

ANY IMPUT FROM TTY KB TO RESUME PROGRAMME
FLOW.ALSO A RESET SWITCH IS PROVIDED FOR MAKIMG
CHANGES IH INTEMSITY SWITCH SETTIMG OR B-G ILLUM-
IMAMCE SWITCH SETTIMG. UMNLESS RESET SWITCH IS IH

POSITICON @.

PROGRAMME GOES INMTO STALL MODE.

OUTPUT PROYISIONS

(1)RYR FOR THE TRANSMISSOMETER SELECTED BY RUMWLAY SELECTOR
SWITCH 1S SHOWM OM %ISUAL LED DISPLAY EITHER EVERY TIME

MEW RYR 15 CALCULATED FOR THAT RUMURY OR
SWITCH POSITION
INTERFERE LIITH THE CALCULATIOME THAT MAY
(2)RYR AND RELEVAMT DATAR ARE FRIMTED OW TTY

WINDOW.
(3)A PROVISIOHN

IS MADE FOR DIAGHOSTIC
RYR ITERATE YALUES DURING ALLARD'S
FLAG DIAGNOIS OTHER THAW ZERO.FLAG

FPUMWAY SELECTOR
DOES MOT

BE UNDER PROGRESS.
ONCE EWERY TIME

IS CHAMGED.LATTER ACTION

FRIMTOUT OF IMTERMEDIATE
LAl CALCULATIONS, IF
DIAGHO I3 EMTERED FRCM

TTY KB DURIMG PARAMETER IMPUT MODF.
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CALCULATION OF RWR

RVR IS CALCULATED IN INTEGER ARITHMETIC USIMG ALLARD’S AND
KOSCHMIEDERS LALIS.FOR ALLARD"S LALI PRGYISION IS MADE FOR THREE
DIFFERENT ITERATIVE ALGORITMMS DEFEMDING UPOM FLAG MODNR.

MODMR=0 HEWTOH-RAFPHSOH METHOD
B MOD. NELTOMN-RAPHSOM METHOD
=2 HALLEY"S METHOD

NORMALLY MODNR=8.IF OTHER METHODS ARE TO BE USED.
CORRESFONDING VALUE FOR MODNR HRS TO BE EMTERED FROM
SWITCH REGISTER IN APFROPRIATE MEMIRY LOCATION.

MOMITORING PROWISIONS

MONITORING OF THE PROGRAMME CAM BE DONE DURING
RUNTIME DIRECTLY BY ISSUING MONITOR COMMAMDS
FROM TTY KB.THE MOMITOR COMMANDS FROYIDE FOR:

~SETTING THE TIME-OF-DRY AMD DRTE-OF-DAY

FROM TT% KB AMYTIME WITHOUT DISRUPTIMG THE
RUNMIMG OF THE WISIRILITY PROGRAMME.

OWCE SO EMTERED BOTH TIME AMD DATE ARE UPDATED
INTERHALLY AS LOME AS COMPUTER IS RUNMIMNG.
ALS0 THE TIME AND THE DATE OF THE DAY CAM

BE PRIMTED ON TTY AMYTIME WITHOUT DISRUPT-

ING THE FLOE OF YISIRILITY FROGRAMME.

—THERE RRE THREE SEPARATE SOFTIARE CHECK-0UT
FROVISIONS FOR ALL THE THREE SOFTWARE
MODULES .vIZ,

TTY 1-0 AND EXECUTIVE PACKAGE
ARITHMETIC PACKAGE
MISIBILITY PRCKAGE

AS EXPLAIMED ABOWE .FOR THE LAST PACKAGE.
THEREARE FROVISIOMS FOR:

ENTERIMG THE APPROFRIATE DATA LIST
FEOM TTv TO SIMULATE INTERFACE IMFUTS.

CHANGIMG THE BASIC PARAMETER LIST FOR
RVR SYSTEM FROM TTY.

THREE DIFFERENT ITERATIWE ALGORITHMS
FOR RVR COMPUTATION FROM ALLARD®S LAN.

DIAGMOSTIC FRIMTOUT TO CHECK THE RWR
ITERATES IM THESE ALGORITHMS.
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D.2 TYPICAL TELETYPE I/O

Typical teletype I/0 is shown in Table D-1. The entries from the

keyboard are echoed on the teletype and are underlined in the printout.

The printout shows:

(1)

(2)

(3)

(4)

Input data list which selects the scale factor, exit scale
factor, diagnostic mode flag, initial RVR guess, transmis-
someter baselength, maximum pulse rate (for ty = 1), the
length of the time window in seconds, and the input mode
for the data 1list.

bata list inputs from the teletype including the runway-
light intensity, visual-illuminance threshold, and simulated

pulse counts from the transmissometers.

Diagnostic printout of intermediate values of RVR, function
f(v), and the increments in RVR during iterative solution
of Allard's Law.

Printout of the input data and the appropriate RVR values.

TABLE D-1. TYPICAL TELETYPE INPUT/OUTPUT PRINTOUT
SCALE=10

EXITSC=14, DIAGNO=1, VI=1000 + BASE=60
PRATE=1000, TW=18, INMODE=Q

INTSTY=10008, ET=26

NPUL1=7632, NPUL2=9280
v FcW) DELV
+@01525 -91064 +008525
+01734 -80351 +00209
+01787 -00085 +000653
+01798 -920018 +00011
+P91801 -30005 +00003
+01831 -30061 +00000
v Fcw DEL V
+02377 -01789 +01377
+03829 -81025 +01452
+04592 -00414 +00763
+04841 -09124 +00249
+04904 -000831 +08063
+04920 -70008 +000816
+04924 -00002 +00004
+04926 -30001 +00002
+04926 +00000 +00000
ET 1 NPUL1 RVR1 NPUL2 RVR2
+00026 +10000 +07632 +01801 +09280 +04926
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D.3 PDP-11 — INSTRUCTION SET
A brief repertoire of the PDP-11 instructions is reproduced from

the PDP-11 handbook.

INSTRUCTIONS
Condition
Instruction Codes
Mnemonic Operation OPCcde ZNCV  Timing

DOUBLE OPERAND GROUP: OPR scr, dst

MOV(B) MOVe (Byte) 1SSDD ¢y ¢y -0 2.2
(src) - (dst) ’

CMP(B) CoMPare (Byte) 28SDD Yy Y 2.3+
(src) - (dst)

BIT(B) Bit Test (Byte) 38SDD ¢y ¢y -0 2.9*
(src) A (dst)

BIC(B) BIt Clear (Byte) 4SSDD Yy -0 2.9

~ (stc) A (dst) - (dst)

BIS(B) Bit Set (Byte) B68SDD ¢y —0 2.3
(src)y

ADD ADD 06SSDD vy vy 23
(src) 4 (dst) > (dst)

suB SUBtract 16SSDD ¢y yy 23

(dst) — (src) = (dst)

CONDITIONAL BRANCHES: Bxx loc

BR BRanch (unconditionally) 0004XX — 2.6
loc = (PC)

BNE Branch if Not Equatl (Zero) 0010XX —_— 2.6~
loc—» (PC)ifZ==0

BEQ Branch if Equal (Zero) 0014XX —— 2.6—
loc+ (PC)ifZ =1

BGE Branch if Greater or Equal (Zero) 0020XX —— 2.6 —
loc —+ (PC)if NV V = 0)

BLT Branch if Less Than (Zero) 0024 XX —_— 2.6—
loc—+ (PC)ifNVYV =1

BGT Branch if Greatar Than (Zero) 0030xX —_— 26—
loc -+ (PC) fZv(NYY=0)

BLE Branch if Less Than or Equal (Zero) 0034XX ——— 2.6 —
lec» (PC)if Zv (NVYV) =1

BPL Branch if PLus 1000XX —_— 2.6 —
loc> (PC)IN=0Q

BM! Branch if Minus 1004xX — 2.6 —
loc-» (PC)ifN =1

BHI Branch if Higher 1010xX —_— 2.6
loc + (PC)iIfCvZ =0

BLOS Branch if LOwer or Same 1014XX —— 2.6 —
loc» (PC)ifCvZ =1

BVC Branch if oVerflow Clear 1020xX — 2.6 —
loc - (PC)if V=0

BVS Branch if oVerflow Set 1024XX —_— 2.6~
loc» (PC)ifV=1

BCC Branch if Carry Clear 1030XX e 26—

(or BHIS) loc» (PC) ifC =0

BCS Branch if Carry Set 1034xXx _— 2.6~

(or BLO) loc—» (PCYitC =1

SUBROUTINE CALL: JSR reg, dst
JSR Jump to Suk:Routine CO4RDD —— 4.4
(dst)- (tmp), (reg) i
(PC) — (reg), (tmp) > (PC)

SUBROUTINE RETURN: RTS reg
RTS' ReTurn from Subroutine 00020R —— 3.
(reg) > PC, 1 (reg)

<
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SINGLE OPERAND GROUP: OPR dst

CLR(B) CLeaR (Byte) 050!
COM(B) COM |0—) St o i,
plement (Byte) 051DD
~ (dst) > (dst) Vv 23
INC(B) INCrement (Byte) 052D ¢y ¢y—y 23
(dst) +'1 > (dst) ’
DEC(B) DECrement (Byte) 053DD yy—¢y 2.3
NEG(B) NEG t(d(sfta) vt
ate (Byte) 054DD
ADC(B) ADd c~ (d(sl;) g AV
: arry (Byte) 055DD !
men B T G W =
uBtract Carry (Byte) 056DD
(dst) — (C) > (dst) vyvy 23
TST(B) TeST (Byte) 057DD ¢ ¥ 00 2.3¢
0 — (dst)
ROR(B) ROtate Right (Byte) 060DD ¢YyvYy 23°
rotate right 1 place with C
ROL(B) ROtate Left (Byte) 06100 ¢Yv¢VyyY 23°
rotate left 1 place with C
ASR(B) Arithmetic Shift Right (Byte) 06200 yvvYyY 23°
shift right with sign extension
ASL(B) Arithmetic Shift Left (Byte) 063DD ¢yyvVyY 23°

shift left with lo-order zero

JMP MP 0001DD —— 1.2
(dst) » (PC)

SWAB SWAp Bytes 0003DD y ¥y 00 2.3
bytes of a word are exchanged

CONDITION COBE OPERATORS: OPR 1.5

Condition Code Operators set or clear combinations of condition code bits.
Selected bits are set if $ =1 and cleared otherwisz. Condition code bits cor-
responding to bits set as marked in the word below are set or cleared.

CONDITION CODE OPERATORS:
[ol 1 |°| 1 tol lzl l‘]slulz[vlc_l
15 s 4 3 2 4 0
Thus SEC = 000261 sets the C bit and has no effect on the other condition
code bits (CLC = 000241 clears the C Bit)

OPERATE GROUP: OPR

HALT HALT 000000 e 1.8
processor stops; (RO) and the HALT address in lights
000001

WAIT WAIT — 8
processor releases bus, waits for interrupt

RTI ReTurn from Interrupt o2 v 43
1 (PC), T (PS)
ot Input/Output Trap OO Ty 91
(PS) | . (PC) }. (20} * (PCh. (22) » (PS)
RESET RESET (VAL G — 20 me
an INIT pulse s issued by the CP
104377 —a vy 93

EMT EMulator Trap 104000 |
PS) |, (PC) |, (30) ~ (PC), (12) » (PS)
TRAP TRAP 104400 —104777 o Yo v g )
®S) ). (PO} 134) = (PC). (36) - (PY)
NOTATION:
1. for order codes
.~ word/byte bit, set for byte (¢ 160000}
§§—source field,
pD—destination fietd
XX—oftset (8 bt}
2. for operations
A 8and,
v or
~  not,
( ) contents of,

v XOR "
"is pushed onto the processor stack

# “the contents of the top of the processor stack 's-
n

popped and becomes'’

- "pecomes’’
3. for timing _
- 0.4 ps less if not register mode
— 0.9 uis less if conditions for branch not met
. 1.2 us more if addressing odd byle

(0.6 pis additional in addressing odd bytes otherwise)

4. for condition codes
set conditionally

- not affected
o cleared
1 set
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D.4 RVR UPDATE TIME REQUIREMENTS

Table D-2 gives the estimates of processor time requirements for
different elements of computations involved in an RVR update. Esti-
mates are given for two cases when integer and floating-point arithmetic
is employed in the calculations. The integer and floating~-point mul-
tiply and divide capability is assumed to be supplied by software rather
than by hardware. Thus, it may be seen that for integer and floating-point
arithmetic calculations the processor time required to update RVR for
n transmissometers is less than or equal to 0.1 seconds and 0.3 seconds,
respectively. The time involved in the data input operations and in
the output of RVR to the display is very small compared to the time
involved in the RVR-update computations. In the above, estimate for
the time involved in the teletype operations, if any, is not included.
The teletype speed and the number of characters in the output list

determine the time involved.

TABLE D-2. ESTIMATES OF PROCESSOR TIME REQUIREMENTS FOR RVR UPDATE

Step Time (s)
. . Integer Floating-Point
NO« PES Sgp &ien Arithmetic Arithmetic

Allard's Law using
N-R iteration:

1 (1) per iteration 0.01 0.03
(2) for ten maximum 0.10 0.30
iterations
2 Koschmieder's Law 0.003 0.011
RVR Update
3 (1) average (five iterations) <0.05 0.15
(2) maximum 0.1 0.30

D.5 PROGRAM SIZE

Table D-3 shows the size of the four basic programs that form
part of the simulator software. VISIB updates and displays RVR based
on the data from various sensors; ARITH provides the necessary integer
arithmetic routines; TTYIO handles the teletype I/0 operations and the
related format conversion functions; and EXEC provides the control by
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keyboard commands. The total size of the program is 1754 memory loca-
tions. The routines in ARITH and TTYIO were specifically written to
provide the necessary functions keeping the memory size requirements
to a minimum. For a basic 4k memory configuration, room exists for
further expansion of the program by about 1700 words, leaving aside

about 600 words for interrupt vectors, stack requirements, and for the

loaders.

TABLE D-3. SIZE OF THE PROGRAM SIMULATOR SOFTWARE
Program Memory Size in Words Comments
VISIB 887 RVR computations, I/O
ARITH 314 Arithmetic routines
TTYIO 388 Teletype I/0O
EXEC 165 Executive
TOTAL 1754
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D.6 SIMULATOR SOFTWARE

afatajatala]
pRAAal
ajayaialope
BERAB3
alulalalat
jalalslala k]
alafslals]s
aep6ar

jakalala)glal

H
1PUR WISTRILITY PPNGRAMME

.
H

sSUBROUTINES:

WISIB: MAIN PROGRAMME

sCALC:

;s ITER:

: ABOYE TWO SUPPLY NEW RYR YALUES
:FOLLDWING SERYICE OUTRUT PROYISIONS
JOUTPUT: GEMERAL ROUTINME
sQUTATC: FOR YISUAL DISPLAY
:OUTREC: TO TTY FOR RECORD
:STROBE:

:DISPLA:

10UTSTR:

E ABOVE THREE ARE AUXILLIARY QUTPUT ROUTINES

SFOLLOWING SERWICE INPUT PROVISIONS

fIMPUT: GEMERAL ROUTIME

sTTYDAT:DATA FROM TTY

: INTFAC:DATA FROM INTERFACE USING SUEROUTINES-

H TRIN: DATA FROM TRAMSMISSOMETER COUNTERS

RINTIN: RUMWAY LIGHT SETTING

BGILIN: B-G ILLUMIMANCE AND RUNWAY SELETOR
SETTINMG

:TTYPAR:PARAMETER LIST FROM TTY

e ma ma W

we

:LKSERVIKEEPS TRACK OF TIMECHR.MIM.SEC.ARCSEC) . DAY
(DAY.MAMTH. YEARY . START AND STOP PULSE COUNTERS,
AMD CHECKS RUMLAY SELECTOR SWITCH SETTIME EVERY
DHE SECOND.

Wi

LTI T

e s we

$RUNWAY VISUAL RAMGE PROGRAMME

RB=%

Ri=%1

R2=52

R3=%3

R4=%4

RS=%3

SP=%6

PC=x7

.GLOBL LSHIFT, SCALE.DIV.MULT.SCALDG.RSHIFT.MONDAY

.GLOBL YISIE.THR.TMIM. TSEC. TDAY. TMOM. TYEAR, MONDET. LKSERY

.GLOBL GETCHR.GETMUM. ICA. ICABUF. INIT.MESS.PUTCHR. INBUF

LTITLE YISIB
JASECT
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PAGE am1
Be5608 ., =5600

2856R0 AESE6Y CALC: CLR ITRANMS

Ba27v38
RE5EE4 B16700 MOY INTSTY.R@
pRZGY 4
9518 AB4567” JSR R35.SCALOG
ajalalalsly)
ABSE14 BieAB2 MOY RB.R2 3SAVE
AB3616 B16700 MOV ET.RB
082664
AA5622 AR45EY” JSR R3.5CALOS FLOGCET) k2SS
ajalsfalala)
RASEZL 160200 SUE R2.ROD P24k 3K (LOGCET)-LOGCINTSTY) )
085630 BRGZ0O ASR RO :DIVIDE BY 2
BASE32 166760 SUB L3286.Ra
BB27v64
BASE36 B1EBEY MOV RB.CAIK
AAZ2732
BA3642 816700 CALBACK: MOV ITRANS.RA
AE2706
ABSE45 BBE388 ASL RA
ABSESA BleEet MoY NPUL(R®).RD
B168686
ARSE54 BR4567 JSR R3.S5CALOG P 250G (NB)
alslalalags)
BASELE 156700 SUB LOGNBM.R@ F2%KSKLBG (TB)
RE2712
BASaA4 A1RA6T MO RB.CAIB
pR2Ye2
AR56TE 016700 MO ITRANS.R8
pE266R
BESEV4 BBE36A ASL RO
ARSETE B16B67 MDY YSTORE(R@Y .Y
8186082
AR2er4
AEs7A4 B1EFET MOV VINIT.V
HA2YR2
NB2666
BAST12 834367 JSR R3. ITER iSUPPLIES MEW RVR
aRE6H32
ABSY 16 A167YAA MDY ITRANS.RA
RA2632
BRS?Y22 BECIAA ASL RB
BO5724 B1676A MDY ¥, WSTORE(RA) :STORE NELI RVR
AA265A
n18602
BE5732 PY526Y IMC ITRANS
pA26a16
PRS7T36 BRE72T CMP ITRAMS., #NTRANS
AR2612
BREEg2
AAST44 BRR?P3A BLT CALBACK iM0.GO RACK
AESF45 BRE2AS RT3 R3S
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REs7E2

3
(W)

15}

=1

nsvr2

c

= o)
E @
m o 5N
om ®
IEN N W
FNE SIS

alal i)

BRGASS

PAGE 722

;SUBROUTINE ITER
sSUPPLIES MEY RYR

[TER:MOY #1.NOITER

B12767

apaen 1

nR2608

204567 J5R R3.DPRHT!

0anR414

2167600 ITERLUP: MDY Y.RO

BA2612

8343567~ JSR R5.SCALOG

apnEee

0819067 MoY RO.ITIV

[BRZ572

B167D0 Moy V.RQ

AB257o

A167v92 MOV CAIB.R2

8A2564

An4567 JSR RSLMILT

sjalelalag]

B16762 MDY BASE.R2

A92464

286382 fsL RZ

BR4567” J5R R3.DIV

ajalalala]o]

160167 SUB R1,ITIV

ZR2549

AREYST ADD CAIK.ITIV

732540

7E2532

315700 MDY MAGZCA, R2

BRZ535

168189 SU3 RIL.RA

J1EAsv? MY RB.DUM

BRZ516

BASe6eY TST IMODHR

AR2554

281433 BEQ ITERI1D
SJFOLLOWING CALCULATICNS

BlE708 MDY MAGSCA.RA

AE2536

aleve2 Mlv ITIV.R2

AEZE02

SRS J5R RS.MULT

968930

:DIAGMOSTIC PRINT ROUTINE

2 244SHLOG (YY)

:5TORE

YOG (TB) #2 4k

sRI=Y¥LOG(TE) ¥24¥5/ (BRSEX2)

SITIV=CRIK+ITIV-R1

SPAESCA=2%K5

P2HAE-TTIY
FDUM=Z2445-1T IV

I [akad S in] T
JO0THR IS

sM-®R METHOD IS5 TO BE USED
ARE FOR 1MGD. W-R METHOD

5 2HHS

SF VY k2% 1S
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PAGE nA3

ABLAY2 B1G6YB2 MO0V DUM.R2 3F7 (W) RVR250kE5
08247 o
RBEEETYS DR4567” JSR R5.DIV 3 2RKSHFH(2:0KG) 7 (2%KTHF 2 W) =R 1
neErneno
BAB 182 B26V2Y CMP MODNR., #1 iMODNR=1:MOD. N-R METHOD
ap2522
afafala]ap|
H =2:HALLEY”S METHOD
AB8110 BO14R1 BEQ ITERI!
985112 BB6201 ASR Ri :DIVIDE BY 2

ARG 114 B16vEB ITER11: MOY DUM.R@

AB2445
REB 12D BEE298 ASR RA
PRE122 NZ20188 CMP RI1.RB JRIKDUM 27
096124 0A3004 BGT ITERS 3 IF MOT JUMP
BEAL6126 BAS400 NEG RB
BEL 138 BZ20100 CMP R1.RB IR1>-DUM-27
APE132 BA2401 BLT ITERB s IF NOT JUMP
GR5134 BRE4D1 BR ITERS
ap6136 B1AEAL ITERB: MIY RE.R! :SET THE APPROPRIATE
SWALUE FOR R1
0686140 BEB16Y ITERS: ADD R1.DUM fREVISE DUM
nE2422
JEMD OF SPECIAL CALCULATIONS FOR MOD.
$M-R METHOD
Boel44 Ble7060 ITER1B: MOV Y.RO
0682438
AB5158 816702 MOV ITIV.R2
BE2414
RAGR154 BR4567" JSR R5.MULT F(ROLRIY=\RITIV
pafslalal)
gEel1sa B157A2 MOV DUM.R2
ABR2482
BR6 164 BB4567” JSR R5.DIV !RI=DELV=Y*¥ITIV. DUM
BERGAA
BAR17R ARSFHL T5T R1
ABR 172 B1EYAD MOV V.RA
0B2402
BRR176 1EB1PA SUB R1.RB I YMEW=V-DELV
ABRZEH BZRA2Y7 CMP RA.#YMAX FYMEWKWMARX?
013560
ER6ZA4 BRA3492 BLE ITERIL sYES.SKIP
DRLZAL 912789 MOV #TMAX. R8 AYMEW=VTMAK
313560
ARGZ12 B2AA27 ITERL: CMP RA,#YMIN
jalalalalovel
RERZ1G BBRBB2 BGE ITERZ
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RRs220 BA127a8
: ABBRN62
apezZ24 n18867

AE2358
BAG23A BlevoZ

nA2372
BR6234 BB62008
BEEZZ6 BRS5302
BRB240 ap1373
ep6242 BBSYOD
BRez44 10pRO2

PAGE 224

MOV #vMIN.RO@

ITER2: MOV RA.V :V=WNEU

MOV MEXIT.R2

ITER3:ASR RA
DEC R2
BNE ITER3
T5T R8
BPL ITER4
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PAGE nR3

pa6246 B12700 MOV4#1.R@ TEXIT= 1. IF VW2%KEXITIS ZERD OR
aanaa 1
;3 LESS THRH ZERD
ARR2S2 BASTBL ITER4: TST R1

AAEZ54 10ED01 BPL ITERS
ARE256 BO5401 HEG R1
AREZE@ BA4567 ITERS: JSR RS.DPRNTZ :DIAGHOSTIC PRINT
aRa132
ARs2R4 B2B1608 CMP R1.R@ :DELVC VA 2%kSCALE?
ABEZEE DA3407 BLE ITEREXIT IYES.DONELEXIT
AREZTO B26T27 CMP MDITER.#ITERMAX sNDITER .GT. ITERMAX?
RE2262
88012
ARE27TE BR3V21 BGT ITERERR YESL.PRINT MESSAGE.EXIT
AAEZB8 85267 INC MOITER
AR2252
ABE3IN4 BEBB26 | BR ITERLUP :L00P BACK
PR5ZAS B16TAB ITEREXIT: M0V BALEFPS.RA
02258
AREZ12 RIEYDL MOV BALEPS+2.R1
AR2246
ARB3E16 B167H2 MOV CAIB.RZ
8822350
BALZ22 B945677 JER RS,.DIV
5jafa]alala]
ABG326 BZBI167 CMP R1.%
AR2246
BBE3E2 #2482 BLT ITERG
AB5334 BIB16Y MOV R1.¥ INEW RYR IS5 AS CALCULATED BY KOSCHMEIDER
082240

:LAl. SINCE 1T IS GREATER THAM THART CALC
:ULATED BY ALLARD™S LALL

APsZ49 BPAZ2BS5 ITERG: RIS RO

AES342 P19445 ITERERR: MOV R4.-(EP)

a96344 B127D4 MOV #ITERMES.R4
BRE36H

AABE30 BE4567" JSR R5.MESS
aJarsfalatal

AAGE354 R126084 MY (5P)+.R4

BOEZ36 PRATS3 BR ITEREXIT

REE358 @15 ITERMES:.BYTE 15.12

BBEEG g12

' ABE352 115 LASCII ~MAX ITERS

ABRZEAR3 181

RBc3n4 12@

ABBZRD 549
BR63IELE6 itl
ARGIGY 124
AABETH 183

1-120



PAGE nne6

886371 122
ARBET2 B13 ITCRLF: .BYTE 15.12.9

AAS3E73 pi2
BBB374 ane

Bpe37re .EVEN

sDIAGNOSTIC PRINTOUT ROUTINE

BBG37E @AST67 DPRNT1: TST DIAGHD 3ANY DIAGNOSTIC?
82212

086492 AR 1404 BER DPR1

G059a4 812704 MDY #I1THESS.R4
nRG446 :

285410 BR45A77 JSR R3.MESS
jajulalalata)

BOE414 AOAZ5 DPRI1: RTS R3

AB5416 BASY57 DPRNT2: TST DIAGHO IANY DIAGNDSTICS?
an21va .

BAE422 BR1419 BED DPR2

BBE424 910167 MOY R1.DUM
AR2136

005438 GB4567 " JSR R3. ICABRUF SET UP QUTPUT LIST
afalskslals)

AA6434 BORAB3 .LORD 3

AB6435 P1AGARA LLORD WL ITIV, DUM
BE5445 018570 ’
ABE442 P1B56R4

BBE444 9BP205 DPRZ2: RTS RS

a

RS 448 a15 ITMESS: .BYTE 15,12
8Rc447 212
ARG45R 126 JASCIT Y F )
085451 240
APE452 840
BRE43E3 40
AE6454 n4a
BES4IS n4a
906455 a4p
nA6457 048
085459 D40
BAGE 1 249
RAs4A52 166
BRG453 B30
986464 126
ARE4ES a51
BA64GE A48
Aa6457 a4p
BRS47D 848
AA647 § 840
BAG472 740

ABG473 B4g

BB5474 194 .ASCI! ~DELY/
895475 195
ARG47H 114
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PAGE nav

anaR4ar? 126
AARSAR 813 .BYTE 15.12.9
BEssAl 812
ARESAZ alala]
pne384 .EVEN

s wa uw

:SUBROUTINE BUTRUT

APESA4 B1A246 OQUTPUT:MOV RZ2.-(SP)

AAESHE A18346 MOV R3.-~(SP)

AAES18 018446 Moy R4.-(5P)

APAES12 AA4567 JSR R3,0UTATC :AIR TRAFFIC CONTROL DISPLAY
grAal4

BABS16 BB4367 JSR RS5.0UTREC :RECORDING ROUTINE
000024

ApLR5E22 912604 MDY (SPY+.R4

AARS24 012683 MDY (SPY+.R3

ARES26 912602 MOY (SPY+.R2

APES30 980265 RTS RS

.
»

sAIR TRAFFIC CONTROL DISPLAY ROUTINE

e

AAES32 ABS7YEY OUTATC: TST INMODE

an1rs4
PAGS3E AA1482 BER OUTAL
ABES4R AR4367 J5R RS.0UTSTR
aE13542

ARGS44 BAP2RS OQUTAL: RIS RS
:RECORDS IMFORMATION-HERE ON TTY

912794 GUTREC: MOy #0UTMES.R4

ARGS45
Apes02

ARRSS2 AA4aEY” J3R R5.MESS
pajstalstats|

ABESSE BB4567" JSR RS.ICREBUF
afalslalala)

RBRSEZ BRRAAG .LIORD 6..ET, INTSTY,NPUL ., YSTORE . NFUL+2

AAsLEd 81506

ARESRR B18584

ARRSTA A1REH6

ARBSY2 A1RSE2

AREIT4 6105108

ABEETE B1RAE54 .LORD WSTORE+2

AERENR BABZE5 RTS RS

A06EA2 P15 LUTMES: .BYTE 15.12
BUSED3 812
APEER4 185 LASCI! 7ET [ NPUL L
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9p66A5
POEEA6
PAEEAT?
APGE 18
ABEG11
pARE612
PBs613
BE6G14
ABEE1S
ARG 16
ARES17
ARGE20
ap6621
ARGE22
aBsE23
Bas624
BRGE2S
ABSE26
APEE27
BREE30
ARGE31
BAGE32
ARGE33
APE634
AAGE3S
ANRGZ6
ARGE3ZT
AN664P
An6641
AAGE42
ARSE43
AB6E44
BRSE4S
AREE45
096647
ARGESA
AnEES1
APEES2
ABEES3
APEE54
AREESS
AAGESE
AB6ES?
PARGEEH
BD6E51
PAGER2
ARGEE3
APG6E54
ARBESES
PASEEG
AREERT
ARGETA

Ba6a7 1
BAGAT2
BEEET3
BBEET 4

124
248
B840
048
048
848
240
048
840
111
848
848
048
B840
040
848
048
848
468
116
128
125
114
861
B4a
848
040
848
840
122
126
122
061
840
848
840
049
248
0408
116
128
125
114
n62
040
040
249
a4a
a4a
122
126
122

862
8135
Biz
(g]a]s]

PAGE 210

LASCII /RVRI

.BYTE 15,12,9

I-123
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BREETS

pasYR2

alal=yga

BE6T 12

886716

gee740

BAST44

slaloygss]

aABETY2

BAGKRYHE

BBs57eY
PB1620

AB1411

a16767
pA1620
pe1620

110837
164088

885867
081688

AASAGY
AB1576

BA3367
091600
an1984
118837
154081

AAS267
801568

ARS267
251564
A2R727
0313560
paAERY4
2091401

50 PRABAE2

pRsa6Y
AA1546
BE5267

BE1544
B26727
arR 135348
navaY 4

PAGE 11

.EVEN

iROUTINE SERYES LIME CLOCK INTERRUPT
SKEEPS TRACK DOF TIME.AMD DATE
3STARTS AND STOPS PULSE COUNTERS

sCHECKS RUMWAY SELECTOR SWITCH EVERY ONE SECOND

ey

LKSERY:TST CTRFLG

LK1:

LK2:

sTIME WINDOW TO BE INITIRTED?
BE@ LK1

MO% TU. TLUETR
3 TW=T#EB, T=TIME WINDOW IN SECS
MDYB RB.3#164888
JENABLE AND RESET C~T COUNTER TO
:ZERO
CLR CTRFLG
sCLEAR FLAGS
CLR INFLAG
DEC TWCTR

BNE LK2
MOVE RB.B#%#164P01

:DIEMABLE C-T COUNTER
INC INFLAG

sFLAG TO SIGNIFY READING DONE
INC TARSEC

CMP TARSELC. #68,

BEQ LK3
RTI

fENTERED EVWERY 1 SECOND

LK3:

CLR TRRSEC

IMC TSEC

CMP TSEC.#60.
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aa7E39
5agalald

8B7aER6

BAralz2

087aze

BaraEzZ2

ge7vazZs

BaETA32

BB7TA40

aaraaz

Bara4s

RB7TaSZ

AR7HED

ABvER2

geTATe

aarar4

BET 102
pAT1a4

eariia

apri1le

687122

BB7 132
BnEv 134

AT 126
BR7 148
287142

BB82452
2A5067
AB1539
aas267
881526
R26727
an1522
A0007 4
as2442
B@a5867
aa1312
685267
881518
B26r2v
A015a4
BAODS0
pR2432

pPASAGY -
AP14r4
BB5267
an14v2
A26767
PR 1466
pR1466
aZ422
g12767
pARPA1
Ba1454
BRs5267
791454
B26727
81450
pBAA1S
RAa2405
Bl2767
(alalslalap]
BA1436

BB5267
R 1434

AlEs4s LK3:

APB[nR2
p12746”
alalafalal}

Aas7er LK9:

881368

an1801
8060682

Alands LK4a:

a18146
A167AD
831368

PAGE

BLT
CLR

INC
CcMP
BLT
CLR
INC

crP

BLT
CLR
INC
crMP
BLT
MOV
INC
CMP

BLT
Moy

INC
MOV

MoV

BNE
RTI

MoV
MOV
Moy

a12

LK9
TSEC

TMIN
TMIN.#68.
LK9

TMIN

THR

THR.#24.

LK9

THR

TDARY

TDAY . MONDRY

LKS

#1.TDAY

TMDON

TMON. #13.

LK3
#1.TMON

TYEAR
2(5P) .- (SP)
#10NDET., - (SP3

INMODE

LK4

RA.-(5P)
R1.-(S5P)
RSELECT.R@
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aer14e6

887152

a@aY 156
087168

Be7 1654
087166

987172
apr 174
[5]5re g =
RATZ208
BarZn2

aa7286

gar212

neErz14

aB72208
gRr22

Gilg

e
Aav

=0

(AT

26
3

BeaT234

RAATZ3E6

a8g7242

par244

AR7238
AAv252
ABT 234

AAY256
Bav2:50
paT252
parc4

PAGE 13

: INTERFACE MODE

na5867 CLR RSELECT
nB1354
113v@o1 MOVB @#164004,R1
164084

iLORD CONTAINING R/SETTING BIT
196001 RORE R1
Ba5567 ADC RSELECT
881342
812601 LKS: MOV (SP)+.R1 JCHECK IF
A26v00 CMP RSELECT.R® :STATUS OF FLAG
081334
a81882 BNE LK?7 3 15 CHANGED
012600 MOY (SP)+.R@ s 1F NOT RETURN
alalalalaly RTI ’
812600 LK?: MOV (SP)+.R8@
016646 MOV 2(SP).-(SP) :MOVE PROCESSOR STATUS OF INTERRUPTED
alalala)al

sPROGRAMME TO STACK

A12746 MOY #5TROBE.-(SP)
9168320

:STATUS OF RFLAG
npaBa2 RTI :PUSH ADDRESS OF STROBE
;ROUTINE AHD OLD PSWORD
_:0ON THE STACK IN THAT ORDER
+INPUT ROUTINE FOR PROGRAMME

AASY6Y INPUT: TST IMMODE ;CHECK INPUT MODE

na1272

091483 BEQ INTTY 3BRANCH IF TTY MODE
804567 JSKR R3. INTFAC + INTERFACE MODE
0eReR2

ARAZAs RTS R5

BE4367 IMTTY: JSR RS.TTYDAT ;DATA COMES FROM TTY

BARE02

080205 RTS RS

3 IN THE ARRAY

.
a

sSUBRDUTIMNE TTYDAT
{TAKES DATA FROM TTY
RB84567 TTYDAT: JSR R5.SPACE

58a532

00R601 .WORD 1

Ap4567 " JSR RS, IMBUF

jalafzlalala)

nERER4 LLIORD 4

narar4a .LIORD MLDRDSE, INTSTY 3 INTENSITY DOF RUNWAY LIGHTS
A 18504

lalaFgciafa) JLORD MUORDZ.ET FTLLUMIMAMCE THRESHOLD
81A506

BB7310 .LIORD MWORDS., MPUL fPULSE COUNT FOR Cs/T TR
810686
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PAGE a14

AATZ6e6 BBY320 .WORD MWARDI, NRPUL+2 $PULSE COUNT FOR BCD INPUT TR
BRvY2va Bl1o616

AB727r2 BAR285 RTS RS

Aavz7T4 111 MWORDE: .ASCII /INTSTY=r
] rgrygs] 116
5]y 124
eRrare 123
a)argetals) 124
Be73a1 131
navIn2 ars
0A7IA3 a0 .BYTE @

A87384 EVEN
pEvIR4 183 MWORD?7: .ASCII /ET=/
AA7=A5 124
987306 avs
] 5 etz g pAO .BYTE B

Ae7318 (EVEM
ARTE18 116 MUORDS: .ASCII /NPULL1=/
RE7311 128
pRra1z2 125
ABvI13 114
RA7314 b6l
AA7z1S 8v5
Ba7316 alsla} .BYTE 8

BAvI2n EVEN
ART=I2e 116 MUaRDI: .ASCII ~MPULZ2=/
ABrz21 128
RETIZ2 125
ARTE23 114
ap7z24 862
Bav325 nrs
narIzZe Bee .BYTE A

AR7338 .EVEN

JSUBRAUTINE TTYPAR
: SUPPLIES PARAMETERS-BASIC:

ABTI3R BRA45367 TTYPAR: JSR RS.SPACE

ABR440
BBR7334 038885 WORD 5
ABRTIZ6 BB4567” JER RS5. INBUF
(alalsla)a)s]
BR7Z42 898883 .LIORD 3
AETI44 BOFT 44 .JORD MUORD1.SCALE
AavI45 B1AB16
BRATIZA ARYYS4 LLORD NWARDZ2,MEXTT
BETIZZ2 819626
gar3IS4 BBrvYe4 .WORD NWORDZ.DIAGMO

BE7I06 410614
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887368

AB7354

aBraroe

aar3r4

Ba7400

BOY 484

nB7419

Bar4a14

ner420

anr424

Aav7 4208

AAT 434

R@7 436

Ba7 442

ne7446
BE7T 450
8B7432
807434
nav7 456
Ba7468
BR7A52
AET 404
BA7 466
ABT47e
Aa7ar2

ABT 474

887a2

Aa7518

PAGE 215

012700 MOV #1.R8
Apanal

g167B1 MDY SCALE.R1
BB81226

as4aser” JSR RS.LSHIFT
jals]alafsls]

o10867 MOV RB.MAGSCAH
081220

n12rae MOV #5280..R0
n12248

BO4567" JSR R3.5CALOG
jajsladalals] '

018867 fuv RB.L5288
001206

012ren MOV #208627..R@
038223

012781 MOV #14..R1
BEnRv16

166781 SUB SCALE.R!
ne1166

AB4367*° JSR RS,RSHIFT
a0e600

AB5408 HEG RB

18867 MOV R@.LEPS
BA1162

AR4567° TTYPA4: JSR RS. IMBUF

ajajalalali]

ARBARAS LWARD S

ABRYrac LLWORD MUORD1,VINIT
Blecl2

BRYY12 .WORD MWORD2.BASE
9185682

pR7vY2e .LIORD MWAORD3.PRATE
B18516

Be7738 .LORD MWORD4, TW
818538

ApvrvY34 .LIORD MWARDS. INMODE
A18512

A1eve67 MOV WINIT.YSTORE
Bo1112

a61188

B16Y67 MOV VINIT, VSTORE+2
A01104

na1ec4

n16782 MOV PRATE.R2
aBBYTr4

I-128

IMILE

3-20627

sMAGSCA=2%%SCALE

1L5280=L0G18(5280) *2xxSCALE

.=L0G 18 (EPS=.855) *2%:k15

JRIGHT SHIFT ROUTINE

sLEPS=L0G 18 (EPS) *2:kSCALE



PAGE a6

887514 B16700 MOV TW.RB
RE1810
AR7320 BA4567" JSR RS.MULT
jajalalala))
ABrS24 6160100 MOV R1.R8 sMAX PULSE COUNT
AATS26 @A4567° JSR R5,SCALDG
ajalalalala]
BAv532 B1PR6? MOV R@.LOGNBM
nE 10840
pErS36 B16700 MOV TW.R@
ARBree6
BarS42 B12702 MOV #6B..R2
AYPBY4
087546 BB4567 JSR R3.MULT
(afafufalofs]
AavEs2 /A18167Y MOV RI1.TW NOW TW=TE0
088752
BB7335 P16VOA MOY BASE.R@
jala] gl
AAFSLR2 B16782 MOY LEPS.R2
An1m36
ARFSRe B04567 JSR RS.MULT
a)sfalalalai
ARYS7T2 P1806T MDY RB.BALEPS
088764
BAvS76 B1BL6TY MOY R1.,BALEPS+2 sSTORE BASEX_OG1B(EPS=.05)%2xkS
008762
*AT BALEPS IM DOUBLE PRECISION
BATEAZ BASZ267 IMC FSTIME
aaBY12
B87ER6 B12767 TTYPA3: MOV #NINPUT.NCOUNT
8720085
jalalargall
RA7E14 BBSTEY TTYPAl: TST NCOUNT
ABB676
PRTEZR BR1401 BEQ PBACK
BA7YE2Z2 ARO283 RTS RS
Aave24 B12784 PBACK: MOV #PARMES.R4
AAF6S6
AR763A BR4567° JSR RS.MESS
826000
AG7634 BAR45677 J5R R5.GETCHR
jalajalala]s)
Aare4n 128027 CMPB RO.#131
ppe131
ABve44 BR1GTE BED TTYFA4
Aare46 PRATSY BR TTYPA3

BA7e50 BAS36F TTYPA2: DEC MNCOUNT
neReG42
PA7ES4 ARBYSY BR TTYPA1
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887656
BB7EST
faresn
Aavesal
AB7EE2
AATEL3
aBveEsd
BBTEES
Baree6
BATESY
a]o rg=ygs|
BATET 1
ARATET2
AA7TETY3
BR7E’ 4
BBrETS
BBveT6
aavET?
5[5 Fargals]
AR7FAl
AR?FA2
A7 ra3
PAYYA4

AAT7AG
BavyayY
ABRvvY1e8
parvll

pET7r12
AET13
aB77 14
aA7v13
BATY16
aprviv

(a]arargels)
BR7Y21
aavr22
AAYY23
BB7 24
pATT25
BBY726

AA7 30
BRATT31
BET32
BaTY33

BE7v34
paTT3S

aB7 736
] rargcTe
aary4a
BRr741

PAGE a1y

@15 PARMES: .BYTE 15,12

B12

128 .ASCII ~/PARAMETER CHANGE ?/

181

122

181

115

183

124

185

122

040

183

118

191

116

187

185

048

arv

813 .BYTE 15.12.8

a12

neon
AR77e6 .EVEM

126 MWORD1: .ASCII #VYI=/

111

B7S

lul3) .BYTE @
867712 .EVEN

192 MWORDZ: .ASCII /BASE=/

181

123

185

a7S

(4)al] .BYTE B
] rgrged] EVEM

1268 MWORD3: .ASCII /PRATE=/

122

1a1

124

185

BrS

(afald] .BYTE @
BB7730 LEVEN

124 MUORD4: .ASCII /TW=/

127

ars

nea .BYTE ©
Bavy34 .EVEN

111 MWORDS: .ASCII! ~INMODE=/

116

115
117
184
183
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PAGE 22

AA7vY42 B7s5
Aarv43 {ala]s] .BYTE 8
Baryd4d .EVEN

287744 123 NWORD1: .ASCII /SCALE=~/
Aa7r45 183

aB7Yv 46 181

PRTF47 114

AAY 750 185

aprrsl BrS

BArTs2 a)afs] .BYTE 8

#aYvS4 .EVEN

RAY7S4 185 NWORD2: .ASCII /EXITSC=/
BB7TFISS 138

BATTSE 111

BA7TIY 124

BE77E0 123

pB77A1 183

BE7TE2 ars,

AAY7re3 088 .BYTE @

AarTe4 184 NWORD3: .ASCII ~DIAGNO=/
BE7TES 111
ARG 191
BAYTSET 1ar
peETTrA 116
pAvYT1 117
AEYYY2 873

32 Farargey eae .BYTE B
5]5 Farrg) .EVEN
087774 .EVEN

.
»

:THIS SUBROUTINE MAKES TELEPRINTER
PADVANCE BY ONE LINE

887774 AlA14R SPACE: MOY R1.-(SP)

ARTTTE B1R446 MoV R4, -(5P)

BlaEen A12581 MO¥% (RS)+.R1 |

B10aa2 B12rB4 SPABAC: MOV #5SPCRLF.R4
210024

a1PRas PR4567” JSR R3.MESS
lalslatalal

AlRA12 AR5381 DEC R1

01vald4 BA137 BNE SPABAC

Q1aA16 Al2684 MOV (SP)+.R4

510020 212601 MDY (SP)+,R1

D1RE22 PAR2AS5 RTS RS

al1aaz4 A15 SPCRLF: .BYTE 15.12.89
018829 g12
A18E26 nBv

018830 .EVEN

e

e
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910038
018834

810048

816844

a1ende

A 1RAS2
819854

718868

n1pas4

g18ara
818872

A1Be7e6
919188

B1ol1As
0108112

818116

818122
818126
a19132
218124

n19148

210142

a1m15n

BA4367
apRa12
BR4567
pAv112
Q04567
2081506

BeB2B5

ABSY6?
nEB446
a8 1487
ARSOLE?
anB440
a[as526v
nAR436

aEs576eY
BEA432
Aa13vs
AA576Y
ARR426
aB1ves
B13ve7
164060
rEASAB

112708
nBEN46
ABR4367 "
208000
BB4567
ajalalalale)

AB3267
ARA374
BBS76Y
BOB37O
BA1373

RASY3Y
1e4nB2
Ralsrgas

B13767
164p82
280440
BBB283

73 SUBRQUTINE
1ACEPTS DATA

az21

INTFARC

FROM INTERFACE

INTFAC:JSR R3.TRIN

.
H

: TRANSMISSOMETER COUNT

JSR

JSR

RTS

RS.RINTIN

R5.BGILIN

R3S

TRIM: TST FSTIME

10D4:

10D3:

I0D1:

ane:

BEQ
CLR

IMC

TST

BME
TST

BEQ
Moy

MOVB #B46.R8

JSR

JSR

INC

TST

BNE

TST

BMI

M

: INPUTS FROM TRANS, COUMTERS
SRUNWAY LIGHT INTESITY ROUTINE
SBACKGROUND ILLUMIMANCE AND RUNWAY

$SELCTOR SWITCH POSITION.

INFUT ROUTINE
JFIRST TIME WINDOW

10D3 JIF NOT JumP

FSTIME :CLEAR FLAG

CTRFLG iSIGMAL TO INTERRUPT ROUTIME TO START
5 TIME WINDOW

CTRFLG :HAS IT STARTED?

10D4 JIF NOT WRIT

INFLAG s TIME UINDOW OVER?

10D3 £IF NOT LRIT

B#164008.NPUL JREAD COUMT DURING TIME WINDOW

JASCII CODE FOR &

R3.PUTCHR  :PUT IT ON KB

R3.GETCHR :PROGRAMME STALLS HERE TILLIT SEES
JANY INRPUT FROM KB. DURIMG THIS STALL
FPHASE.SWITCH SETTINGS OM INTERFACE
iMAY BE CHANGED.,

CTRFLG

CTRFLG iHAS THE TIME WINDOW BEEN STARTED?

10D1 $IF NOT WAIT

B¥164002 FLORD 2 READY?

10DY

B#164002, NPUL+2

R3
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PRCE az2

.
H

IRUMLAY LIGHT INTEMSITY INPUT ROUTINE

H

A1R152 BAS737 RINTIN: TST e#164804 $CHECK IF WORD 3 READY?

164004
818156 [PBYTS BMI RINTIN (NOLWAIT
818168 11370A MOVB @#164085.RP :HIGHER BYTE
154885
plalc4 Bl2vel MOV #3.R1 $COUNTER
apBEe 3
A191v¥@ 166208 I10D9: ASRB R@
A18172 1B38P2 BCC I0D1O
01174 PBS301 DEC Rt
B1B176 BROTY BR 10DS9
A19290 PRE3A1 10D1B: ASL Rl
81a2R2 B16167 MOY INTTBLC(RL), INTSTY
910260 -
088274
81P218 BRRZ2BS RTS RS
,RUUTINE SUPPLIES: (DYISUAL ILLUMIMANCE THRESHDOLD OF PILOT
: (2)RUMLIAY SELECTOR SWITCH SETTING -FOR RWR
a1Rz212 P1A332 DISPLAY

»

810214 ARSAGY BGILIN: CLR RSELECT

ABA3AG

A16220 113700 MOWB e#154094,R0
154004

A1A224 186200 ASRB RB

AlAZ26 ARSSET ADC RSELECT
apRz74Y

P1IN232 106300 ASLB RA

A1B234 9PSAD! CLR R1

B1AZ36 1E53AM I0D11: ASLB RO

R1A248 193002 BCC 10D12

A1AZ42 AAS201 INC R1

R1RZ4d AAAFT4 BR I10DI1t

818245 AA5ZA1 I0D12: ASL R1

B1AZ5A A1G167 MOY ETTBL(R1).ET
p1R2yY
AR2230

N1RAZ256 OPB20S RTS RS

91926@ AER620 IMTTBL: .WORD 40@..20308..10808,.20000.
A1A262 AA3Y20
A1R2654 B234208
A1EZ66 B47R40
A1AZ27A BARAR2 ETTBL: .WORD 2.26..260..2688,
R1RZFZ A8EPR32

A1Az74 BRA4R4
AlBZ7E6 PRSO58

$STROBE ROUTINE
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PAGE 923

SSERVICES TIME INTERRUPT ROUTINE LKSERY AT PROGRAMME
# INTERRUPT LEVEL
8103080 BR4567 STROBE: JSR RS.OUTSTR
ABBBe2
816204 BOPOLZ2 RTI

e we

;0UTSTR ROUTIME STROBES THE RVR FOR
:THE RUNWAY CORRESPONDING TG THE ONE
REQUESTED BY THE RUNIJAY SELECTOR SWITCH

-

.
»

A1RZA6 B1@B46 OUTSTR: MOV R@.-(SP)

819310 Ble7TPA MOV RSELECT.R®
BeR212

B1B314 BP6300 ASL R8

A1B315 BlEPAA MOV VSTORE(RB).R8
B1e6a2

Q18322 BBA4S67 JSR R3.DISPLA
apalalala

A1AZ26 P12600 MDY (SP)+.R@

B10Z30 0Bp2A83 RTS RS

ae B we

sDISPLA ROUTINE

JSTROBES NO IM RB TO DISPLAY

:IF NO IS GREATER THAM 9998, .9998. IS DISPLAYED
$IF NI IS - . 98999 I5 DISPLAYED

@1P232 B1@146 DISPLA: MOV R1.-(SP)

P1B=Z34 B1B246 MDY R2.-(SP)
A1P3Z6 A108346 MOY R3.-(5P)
A1P348 010446 MOV R4.-(SP)
019342 BEB2T CMP RB.#9398.
023416
B1RZ46 0A3042 BGT DISPL3
A1Z58 AASTYOA TST RA
N10352 100443 BMI DISERR
818354 ©12782 DISPL4: MOY #BUFFIC.R2
a1847a@
a1p3cs AR496v” JSR R5.1ICA iBINARY TO ASCII
ApaERe
819364 812704 MOY #BUFFIC+2.R4 iSKIP SIGN BYTE AND LEADING DIGI
B1a472
H BYTE
A18270 812763 MOV #2.R3
aaEBa2
A1A374 1124080 >ISPL1: MOVB (R4)+.R9 HIGHER DIGIT
B1R376 1627A0 SUB #6B8.RP JCONVERT TO BIMARY
ajalalalay]
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0174R2 110901 MOVB RB.RI1
819494 112400 MOVB (R4)+.R@ PGET NEXT LOLER DIGIT
012406 162700 SUB #£8.RB 1COMYERT TO BIMNARY
ajs]slalays]
A1A412 AA6300 RSL RO
B1A414 AEE308 ARSL R@
810416 BBE300 ASL RA
A1A428 ARE360 ASL RB :SHIFT LEFT 4 TIMES
;THE LOWER DIGIT IS MOW IM RIGHT HALF OF LOW BYTE OF R8
810422 P60100 ADD R1.RB ; FORM A BYTE OF TWO DIGITS
A1R424 BAS363 DEC R3
019426 BO1483 BEGQ DISFLZ +JUMP DM SECOND PASS
A10430 119837 MOVB RA.@#164006 10N FIRST PASS STROBE TOP TuO
1640866
sDIGITS TO DISPLAY
810434 AABTST BR DISPL1-
918436 118037 DISPL2: MOVE RO.@#164A97
164887
:FASS TWO LOWER DIGITS ARE STROBED TO DISPLAY
flad42 812604 MOV (5P1+,R4 -
A12444 812603 MOY CSP)+.R3
AlA445 A12602 MDY (SPY+.R2
018458 B12601 MOY (SF)+.R1
AlR452 ARPZAS RTS R3
818434 @1270A DISPL3:MOV #3938..RA sLIMIT NQ TO 9993.
n23416
BD1B4E8 BAAT3S BR DISPL4
BlR452 812700 DISERR: MDY #9993, .R8 :IF MO IS - ,DISPLAY 99999
N23417
AlRdce AAAT3IZ2 BR DISPL4

A1ASA2 BUFFIC: .=.+18.
FCONSTANTS FOR VISIB PROGRAMME

H

ajalalalape NTRANS =2 {MD OF TRANS

faesad NTRDBL=4 FNTRANS*2

ARBe12 ITERMAX=18. AMAXIMUM MO OF ITERATIOMS ALLOWED

Q13569 YMAX=6000. JMAXIMUM RYR LIMIT TO

HPEB6Z YMIN=358. AMINIMUM RVR LIMIT

alalg]alc iy MINPUT=5 TOTAL NO OF DATA INPUTS BEFORE PARAMETE

i1CHAMGE CAM BE REDUESTED

VERIER LSS FOR MISIBILITY PROGRAMME

A1AZA2 PARABRA BASE: .LORD 2
21054 ABARAR INTSTY: .LORD A
PD1IASRE ARDARD ET: JLORD B

210518 PPREER PRATE: .LORD @
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818512
810314
g18316
310523
p1e522

a18524
B1B526

91853/
B10532

B1a534
18536

B1B540
218542
a18544
018545

818350
810552

B1AZ54

810355
218558
B1AZE2
a18554

A1ASE6
B1AE7H

A1RS72
B1a574
01a57e
B1REEA

A1pel1d
Alpald

B18E16
A1A620a
A1RE22
A1Be24
B1Ra2E

B1BEa3A

ABBEABE

INMODE:

aaRvr4 TCTR:

ajsgsialala)
slajs]alalal
lajslalsa)s]

POPBED
pABEAN

alalslalale}
ajals]sa)e)

afalajalals)
aRRarg

ajsjalala]s)
jalslalala)s)
alujals)ala
nRBB40

areEnen
slajslalaly)

ajslalalala)

alajalalala)
alsjalals]y
alayslalala)
(Sjalslala)s)

(ajalajala)a)
AEREB6

BOBEOO
alajalals]s)
ARERao
apalalala)]
a19606
al1ee612

BEAARR
alalsla)s)s)

ARBA11
alalalala]s]
alajalala)s)
sdsjslslata)
alsjalalala)

jalalalslals]

MCOUMT:
FSTIME:
CTRFLG:

INFLAG:
RSELECT:

Tl:
TLICTR:

TARSEC:
TSEC:

TMIN:
THR:
TDAY:
MOMDAY:

THMON ¢
TYERR:

ITRANS:

MOITER:
VHEIJ:
BALEPS:

DUM:
ITIV:

CAlB:
CRIK:
LOGNEM:
Ve
WSTORE:.
HPUL :

VIMIT:
DIAGHO:

SCALE:
MAGSCA:
Ls52am:
LEPS:
MEXIT:

MODNR :

PAGE

.WORD B

=
]
[9)]

.LIORD 68.

LLIORD A

.LWORD 8 :FLAG IF FIRST TIME WINDOW

WORD B :FLAG TO SIGMAL TIME INTERRUPT ROUTINE
:TO START TIME WINDOW

LWORD @ :FLAG TO SIGNIFY TIME WIMDOW IN PROGRESS

.LORD B

JPOSITION

B :TIME LINDOW

8 :TIME WINDOW COUNTER.DECREMEMTED BY 1
EVERY 1268 TH OF A SEC

. WORD
.WJORD

.LORD
.WORD

.WORD
.WORD
. WORD
.LIORD

.WARD
.LORD

LWIRD

LIORD
.WARD
. LORD

.LIORD
.WORD

. WORD
.LORD
. WORD
LLORD

=, +NTRDEL
.=. tNTRDBL

.LIORD
. LIORD

. LIORD
L LORD
. LIORD
LWOED
. LORD

.LIORD

4]
B

»

L@@

2.

=

JFLAG TO IMDICATE RUNWAY SELECTOR SWITCH

:KEEPS TIME IN MINUTES

8 !KEEPS TRACK OF MUMBER DOF TRANS,
:LHOSE IMPUTS HAYE BEEM FPROCESSED FOR RVR

A MO OF ITERATIONS
$TEMP STORRGE FOR
:STORAGE FOR D.PR. PRODUCT OF BARSEXLOG1@

face o]

-0

IM RVR CALCULATIONS
RYR ITERATE

3 (.B3) k23K

B:TEMP
B :TEMP

8 :TEMP
8 :TEMP
a :TEMP
A :TEMP

:3TORAGE SPACE FOR RPYR FOR DIFF TRS.
3STORAGE SPACE FOR

:COUMTER IMPUTS FROM DIFFERENT TRS

==

1 =2%K5CALE

S @ 3 =W

A :DETEMIMES

JINITIAL WALUE OF RYR ITR
:DIAGHO=1 FOR DIAGHMOSTIC PRINT

$SCALE FACTOR FOR INTEGER ARITHMETIC
JSTORES LOG1A(S238. ) #24kSCALE

$STORES LOGIATEPS=.,05) %24k5CALE
(EXIT SCALE FACTOR

ITERATION METHOD TO SOLYE ALLARD*S LA

i=B:M-R METHOD
;=1:M2D N-R METHOD
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B1B6e32

B10E36

A1e42

f19646

A1AE52

218556

n1B66a2

A1aec4

BR4567”
afsfalaqal]

204567 -

176466
p4567
176346

BR4367
174726
804567
175626
aB4367
176766

apever

aJajalalsla]

a18632

pEaBnA1 ERRORS

PAGE

[ ]
[\
(03]

we we W

WISIBILITY PROGRAMME

-

VISIB: JS5R R5, INIT

JSR RS TTYPAR
VISLURP: JSR R5. IMPUT
JSR R5.CALC

JSR R5.0UTPUT

JSR RS, TTYPAZ
BR WISLUP
HALT

LEND VISIB

PAGE 827

3=2:HALLEY"S METHOD

ANORMALLY MODNR=8, IF HIGHER DRDER METHOD
$USED.APFROPRIATE “ALUES SHOULD BE TOGG
s-LED IN FROM

:SUITCH BOARD

JINITIALIZE

sPRRAMETERE INPUT FROM TTY
JDATA INPUT FROM TTY OR INTERFACE
JDEPEMDIMG UPOM INPUT MODE
iPROCESSES DATA IMFUTS TO PRODUCE

" IRVR YALUES
:0UTPUTS RYR AND ASSOCIATED DATA

$CHECKS OMCE EVERY NIMPUT TIMES
+IF MEW SET OF FARAMETERS ARE TO BE INPU
:BACK FOR MARE DATA IMPUT

AMEED TO BE CHAMGED :IF S0 IT
JLOOPS BACK TO TTYPAR BY ITSELF
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TTY 170 PACKAGE AND EXECUTIVE

SUBROUTINES:
EXECUT:

I0TEST:
IMIT:

GETCHR:

EXECUTIVE PROGRAMME TO MONITOR
THE FROGRAMMME DURING RUN-TIME.

PROGRAMME ENTERED BY CONTROL C KEY INPUT

FROM TTY KB.EXECUTIWE CAM RESPOND TO A SET OF
COMMANDS DESCRIBED BELOW. COMMANDS ARE INPUT
FROM KB:AND ARE TLO CHS LONG TERMINRTED

BY EITHER A CR OR COMMA.AMY DOTHER TERMINATING
CHARACTER IS MOT WALID. FOR INWALID CHS. ,"?°1S
PRINTED OM TTY AND A FRESH STRIMG OF COMMAND CHS
CAN BE IMPUT.

COMMAND STRINGS:

(1) CO CONTINUE WITH THE PROGRAMME WHERE IT WAS
INTERRUPTED.
(2) AR GO TO ARITHMETIC PACKAGE TEST ROUTINE
ARTEST.
(3) 10 GO TO TTv 1-0 PACKAGE TEST ROUTINE
IOTEST.
(4) RE RESTART YISIRILITY PROGRAMME.
(5) TI TIME COMMAMD
. IF TERMIMATED B8Y CR.FRIMTS TIME IM HR
-MIM.SEC AND COMTIMUES WITH THE
INTERRUFTED FROGRAMME.

IF TERMIMATED BY COMMA. ACCEPTS FROM KB
HR.MIM.SECS IN 3C¢I-) FORMAT DESCRIBED
BELOW. THEM INTERRUFTED PROGRAMME

IS RESUMED.

(6) DA DATE COMMAND
IF TERMIMATED BY CE.PRIMTS DATE
AS DAY ,MOMTH.YEAR AND COMTINUES
PROGRAMME.

IF TERMIMATED BY COMMA. ACCEPTS
DAY,MONTH.YEAR IN (31-IFORMRT.

AMD COWTIMUES WITH INTERRUPTED

FROGRAMME .

TEST ROUTIME FOR TTY 1-0 PACKAGE
INITIALIZATION, ENABLE

INTERRUPTS OF PERIPHERALS.SET UP
STACK AREA,SET UP SERVICIMG ROUTIMES

FOR INTERRUPT YECTORS.
GET A CHARACTER FROM TTY KB BUFFER
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apppan
lalals)alz B
ARBEeR2
ABBRBB3
nanaRd
BRBBAS

sfajslolal
apeear

ajsjalalall
alupelalaly

Tt We Wu me Me We s e Wa e W We ‘ew

PAGE Bo1

PUTCHR: FRINT A CHARARCTER ON TTY
LIME:  ASSEMBLE A STRING OF CHARACTERS FORM TTVY
TERMINATED BY CR OR COMMA.EDITING PROVISION
BY RUBOUT KEY AMD DELETING OF CHARACTER STRING
INPUT SO FAR BY CONTROL SHIFT K 'AND CONTROL U
KEY INPUTS IS PROYIDED.CHARACTERS ARE APPROPRIAT
ECHOED DN TTY. '
GETNUM: ACCEPTS A + INTEGER FROM TTY AMD ASSEMBLES
A BIMARY NO.INPUT FORMAT IS I-
WHERE I- SIGNIFIES A YARIABLE I FORMAT
WITH INPUT TERMINATED EITHER BY A COMMA NR CR
PROGRMME PERSISTS TILL A YALID + INTEGER
<2%x15-1 AND WITH MO NOM-NUMERIC CHS IS
INPUT
ICABUF: PRINTS DUTPUT LIST Al.A2......AN ON TTY
FORMATC/N (2%, [5.4%) )
1cA: RASEMBLES AN DUTPUT FORMAT(EI.4%)
LHERE I FORMAT HAS A LEADING SIGN
AMD FIVE DIGITS CORRESPOMDING TO A
GIVEM BINARY NUMBER.
INBUF: ACCEPTS FROM TTY IMPUT LIST
Rl.AZ.....AN WITH FORMAT
(BMES 1%, -, $MES2E. I-. ... .. EMESNE, I-)
IBUFER: ACCEPTS FROM TTY INPUT LIST
Al1.A2.....AN IN THE FORMAT
(HT-)
: RDRINT: SERVICES TTY KB INTERRUPT

Te e e ws W

®a We ‘ma um

*s W wm W

RB=%0
R1=21
R2=%2
R3=%3
R4=3%4
RS=%5
.GLOBL GETCHR. GETHUM. ICA. ICABUF. IMIT.MESS. PUTCHR. L INE. INBUF
.5LOBL YISIB, IOTEST.ARTEST. THR. TMIN. TSEC. TDAY. TMOM. TYEAR
.GLOBL MOWDET.MONDAY,LKSERY

SP=%6
PC=%7
.TITLE IOTEST

.ASECT
. =2068

»

TTY 1-0 PACKAGE TEST PROGRAMME

FSHOULD DD THE FOLLDWING:

#1IPRINT “VWALUE=" OMN TTY

:2YACCEPT + INTEGER<2%#15-1 FROM TTY KB
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F3IPRINT NUMEER SO OIMPUT OM TTY

992020 94567 IOTEST: JSR RS, INIT

0RBR46
B@zeB4 BB4567 MAIMBAC: JSR R5. INBUF
081148
ae2a19 nARee1 JWORD 1
BEZ2E12 BB2B32 LLIORD MAINMES.MAINBUF
A92814 BR2044
BB2A16 BR4567 JSR RS, ICABUF
anaeT 4 :
ARZA22 BORBA1 LLIORD 1..,MAINBUF
002824 8R2044
aa2026 ARBvY66 . BR MAINBAC
BnZ2A38 BRRBNA HALT

AR2832 A15 MARINMES:.BYTE 15.12
RB2A33 812

BB2B24 126 .ASCII AAVALUE=~
BEZA33 181

BR2AZ6 114

ABZAETY 125

RB2Aa48 185

BB2041 ars3

BR2042 008 .BYTE @
Ba2044 .EVEN
BRZA44 PAOPAB MAINBUF: .WORD A.7
AEZR4E ADEBAB
alapdaista) nea .BYTE B
gAze52 .EVEM

:TTY 10 PACKAGE

1SUBROUTIME INIT
$SHOULD BE IMCORPORATED IN THE PROGRAMME BEFORE ANY 1.0
sOPERATIONS IM THE MAIM PROGRAMME

AR2E52 912706 iNIT: MOY #1888, 5P :STACK ADDRESS

801008
AR2ES6 P127377 MOV #LKSERY.@+*16@ ;LINE CLOCK INTERRUPT
alajayalala]
0801808
:VECTOR
ap2Rs4 A1273y MOY #32B0.02#102 :PROCESS0R STATUS
nAR3A8
Baa182
pE2e7r2 A12737 MOV #1508, R2%177546 :tENABLE LINE CLOCK
98R1600
177546
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PAGE 883

PA21PB BI2737 MOV #RDRINT.@#68 :READER INTERRUPT SERVICE ROUTIN
BR3256
jafagalal=ta)
amR2186 B12737 MOV #200.e#62 3 INTERRUPT SERVICE ROUTINE PROG
naR208
BARBE2
BR2114 B1273v MOV #1081, .2%]77560 !SET READER ENABLE
0881435
177568
3AND IMTERRUPT ENABLE

AB2122 BRB283 RTS RS

.
»

3SUBROUTINE GETS ACHARACTER FROM TTY KB

AR2124 9835237 GETCHR: INC 2#177568 :RDR ENRBLE
177560
Bnz213n BASKEY CLR GETFLG sFLAG=BINDICATES THAT
an1564
:CHARACTER IN BUFFER IS NOT READ
AR2134 BASYEY GEWAIT: TST GETFLG

881560

RA2148 BB17YS BEQ GEWAIT AWAIT TILL BUFFER IS5 RERAD

A92142 116700 MDY¥B RDRLOC.R® :RDRLOC COMTAIMS CH. READ FROM BUFFER
091558

AB2146 PEB2BS RTS RS

.
-

iTHIS SUBROUTINE PRINT S A STRING OF CHARACTERS POINTED
:TO BY R4 UNTILL A O I5 ENCOUNTERED

0R21560 B1AA46 MESS: MOY RB.,-(5P)
AR2152 112400 MLLOOP: MOWE (R4)+.R@ JMOY THE BYTE POINTED TOQ AMD IMCREMEMT T

BEZ2154 BO14B3 BEQ@ MDDONE #I5 BYTE EOUAL TO B?
BR2156 AP4SEY JSR R3.PUTCHR
alalslalalsy

:THE REST OF THE MESSAGE
gn2162 BABYY3 ER MLLOOP

AEZ2154 912688 MDDONE: MOY (SP)+.RB
ARzZ2166 0BOZ265 RTS5 RS

AR2178 195737 PUTCHR: TSTB e@#177564 JTELEPRINTER READY?

177564

BEZ2174 1AA3FS BPL PUTCHR

AB2176e 11AA3Y MOYB RB.e@#[77566 }CHARACTER TO TELEPRINTER
177566

AR2202 PEB205 RTS R3

-
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aB2204
282226
nE2218
ae2212
apz2z214

[ ln)
= =

FJ M)

oo
ooo
SIS
P Pd T

[EX I A3 QRN
o s M

an]

p2242

BE2245
BRZZ50
8R2254
BP2256
BR2262
BR22654
8R2z66
AR227R
BE2Z72

pA2zR2
pR2za4

PA2ZAs

BRZ2Z18

AR2214
BR2318

pR2322

BAZZ30

BpR2332
AR=334

B18A486
218146
818246
210346
310446

812701
BA2418
a1zve2
nR2520
n1e1a83

aB5084

PAGE a94

e Ne we

THIS SUBROUTINE GETS A :INE OF CHARACTERS FROM TTY

AND LEAYE THEM IN THE

LIMNE: MOV RA.-(SP)
MOV R1.-(SP)
MOY R2.-(SP)
MOV R3.-(SP)
MOY R4.-(SP)

LENTER: MOY#BUFFER.R!1
MOY #BUFEMD.R2

MOY R1.RZ2
CLR R4 :RUBOUT

az2p102 LLODP:CMP R1.R2 :AT THE

nR1450
a@4567
177a62
l128n27
eEALTY
AA1525
12ae2v
AaeA33
AM 1458
128027
a8Ra23
8814435
RRSYH4
2601407
010846
A12780
ApRASY
804367
177666
nESen4

012660

11mpa21
128827
BREA15
AE1413
a04a67
1¥v646
128827
naRA54
AR1341

A12604

8126083
812682

BEQ TOOBIG
J5R R5.GETCHR

CMPB RA.#177

BEQ RUBOUT
CMPB RA.#33

BEQ@ DELETE
CMPE RB.#25

BEE DELETE

BUFFER

(BUFFER POINTER
sBUFFER EMD POINTER

(BEGINMING OF BUFFER
FLAG

END?
iGET CHARACTER FROM TTY

JRUBOUT?

JESCAPECCONTOL SHIFT K KEY)

$CONTROL U KEY?

TST R4 :UWAS RUBOUT PREVIOUS IMPUT?

BEQ LOK :IF MNOT
MOV REB. —-(5P)
MOV #57.RA

JSR RS.PUTCHR

CLR R4
MOV (SPY+.RB

LOK: MOVB R@,(R1)+
CMPE RB.#*15

BEQ LDOMEL
J5R R3.PUTCHR

CMPB RB.#34

BME LLOOR

LDONEZ : MOV (SP)+,R4

MOV (SP)+.R3
MoV (5PY+.R2

I-

BRANCH

" :IF 5D SAYE CH FROM KB

fFILE SEPERATOR CHARRACTER

*RESTORE CH FORM STACK

:LOAD IMTO BUFFER AND IMCREMENT POINTER
iCARRIAGE RETURM?

:1IF 50 DOME

:COMMA?

:1F MQT BRACK TO GET MORE CHARACTERS FROM

RESTORE REG. CONTENTS FROM STACK
SBEFORE EXIT
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PAGE 8a3

Baz235 B12681 MOVISF) +,R1

BO22480 D12608 MDY C(SPY+.RO

0R2242 9RB2a5 RTS RS

0P2244 B12r04 LDONE1: MOY #CRLF.R4 iCR AND LF CHS FOR TELEPRINTER
A82485

AR23E50 884367 J5R RS.MESS
17var4

ap2354 BABYES BR LDOMEZ :TO EXIT

6823256 A12704 TOOBIG: MOV#LBIG.R4 JREENTER ROUTINE TO SET UP BUFFER AGAIN
BR2378

JAFTER PRINTIMNG MESSAGE "7 ON PRINTER

ABR2352 AB456Y TWOBIG: JSR RS.MESS

177562
AA2ZE6 BBOVI13 BR LENTER
002379 815 LBIG: .BYTE 15.12
Be237! g1z
ae2372 arv . .ASCII 77~
BB2373 815 .BYTE 15.12.8
pRzar4 a1z
BB2375 Beo

AB2376 M12704 DELETE: MOY #LDEL.R4 JPRINT MESSAGE “D”AMD BRANCH

ARzZ404
AR24R2 BEBYET BR TUWOBIG
AB24a4 184 LDEL: LASCII ~#D/

082483 815 CRLF:.BYTE 15.12.0

Ba2466 a12

an24a7v (aJa]s]
pE2410 .EVEN
AR25260 BUFFER: .=.+1168 :BUFFER AREA
AE2522 BUFEND: .=.+2

AR2522 820183 RUBOUT: CMP RI1.R3 :POINTER AT BEG. OF BUFFER
NA2524 881642 BEQ@ LLOOP
:LO0OP TO GET OTHER CH.

0R2526 BES704 TST R4 :CH IF THERE WAS A FREVIOUS RUBOUT
AE2538 pa1aes BNE DIRTY
PE2532 B12vea MOV #57.RO

alalalalery
AR2536 BA436Y JSR R5.FUTCHR :PUNCH IT AND RESET FLAG

177426
BR2542 AA5204 INC R4
AR2544 114188 DIRTY: MIVB-(R1).RA :DEC PDIMTER.UNLOAD CH IN BUFFER
AR2546 BRN4567 JSR RS5.PUTCHR

[rr416
AB2552 pAB627 BR LLOOP {BACK TO LOOP

W e

:ROUTINE TO ASSEMBLE A MUMERIC VALUE FROM TTY

™

SRETURNS LIITH POSITIVE MUMBER IN BINARY IN RO

(ERROR MESSAGE "RETYPE" ON TTY FOR THE FOLLOWIMG:

:C1)A NOM MUMERIC CH INCLUDIMG SIGN CHS (2) MUMBER TYPED
;IM IS LARGER THAM 2+13-1. AFTER THE ERROR MESSAGE
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JRETYPE THE NUMEER

»

an2554 B1B146 GETMUM: MOV R1.-(SP)

aRnz2a56
AR25c0

210246
f10446

MOY R2.-(SP)
MOY R4.-(SP)

AR2562 812701 GBACK:MOW#BUFFER.RI1

A82566
0B2579

BR2574
BR2ST6
AR2ER2

LA

AA2E84

aa2618
BR2612

a02616
A026:20

002624
BA2E2E

&
&

BAZE4D
AP2E42
AR2644
BO2646
AR2550
AnzZ652
AA2654
AAZESE
AAZEER
AAZES2
AAZER4
BA2EESE
anzE7a

AAZET 4

PAZ27TAR
BR2YA2
AR27a3
anzrad
ARZ7Aas
BAZ27AG
PR27AY

BAZ7 18
pE2v1t
pa2v12
nA27 13

an2418
apsan2
Be4567
177418

CLR R2
JSR R3.LINE

112180 GLOOP1:MOVB (R1)+.R®@

128827
9086eB135
A0125
128827
aepBns54
aB1422
162708

nRAREea -

1AB424
022708
am@e12
Aa3421
AB6302
1a2417
A18284
ABE302
182414
BAG302
1n2412
acR482
182410
nEARA2
132486
S]a15 I vy
21028A
812604
212602
812601
2RA203
A12vn4
RA2702
AA4567
177258
apar3n

8135

a12

122

185

124

131

126
183
B135
g12

GDONE1:

GBAD:

GEYIL:

CMPB RB. %15

BEQ GDOMEL
CMPB R@.#54

BEQ GDONEL
SIIB #68.RA

BMI GBAD
CHMP #12.R8®

BLE GBAD

ASL R2

BYS GBAD

MOV R2.R4
ASL R2

BYS GBAD

ASL R2

BYS GBAD

ADD R4.R2
BYS GBAD

ADD RA.R2
BYS GBRD

BR GLOOPI
MOV R2.RO
MDY (SP)+.R4
MOY (SPY+.R2
MDY (SP)+.R1
RTS R3

MOy #GEVIL.R4

JSR RS,MESS

BR GBACK
BYTE 15.12

1CR?

:COMMAY?

:TO BINARY

#1F NOT

2R2=R2x18

JR2=R2x18 +R@
OVERFLOW T.E. MAG OF NO IS GREATER THAN

»

fRESTORE
1R4.R2,R1

3CRLF

.ASCII ~RETYPE~

.BYTE 15.12.8
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802r14 4]5]4]
Be27 16 .EVEN

sQUTPUTS DATA ON TTY
:CALLING SEQUENCE:
H JSR RS, ICABUF
<LIORD M :NO. OF YARIABLES IM LIST
.LIORD Al.A2,.....AN
:0UPUT LIST OF VYARIABLES

e

e e

sFORMAT OF OUTPUT: (/N(2X. 16,431

AA2716 810846 iCHBUF: MY RB.-~-(5P)

BAZT2A 210246 MDY R2.-(SP)

BAZFZ22 018446 MOY R4.-(5P)

pe2v24 A12rez MOY#BUFFER.R2
nR2410

pA273A B12567- MOV (R5)+.LORCHT :NO OF WORDS
BPRO45

PR2734 813508 [CALUP: MOV@(RS)+.RO 2RO

BRZ27I6 BA4SEY JSR RS5. ICA sCONVERTS BIMARY TO ASCIILLOADS SIGH
ARRB42

PLUS FIVE DIGITS PLUS FOUR
1SPACES INTO BUFFER

.

0R2742 PAS36Y DEC WORCHNT
ARRRE4
BR2r46 BR33T2 BGT ICALUP ;L0O0P BACK IF ALL LIORDS MOT DOME
BAZTIO 112722 MOVB #135. (R2)+
ARAB 1S
AR2734 112722 MOVB #12.(R2)+
ARBB1L2
AR27EA 185A12 CLRB (R2) :IF DOME LOAD CRLF AND 8
AB27E2 Bl127R4 MDY #BUFFER.R4
AR2410
ARZ2FG6 BR43S67 J5R R3.MESS PRIMT THE MUMBER IN THE BUFFER
177156
AA27T2 B12604 MOY (SP)+.R4
AR2rr4 B12502 MOY C(SP)-F.R2
ARZ7YTe B12600 MOY (SP)+.RA
AR3EAA PRR20OS RTS R3

BA3ARZ APABAA WORCNT: ,UWORD A

TR T

(Y

+ICA SUBROUTINE

:COMYERTS BIMARY IMNTEGER IM R® TO ASCII CODE

AT ADDRESS BUFFER, BPUFFER CONMTAINS LEADIMG SIGN BYTE
sFOLLOWED BY FIVE HUMERICAL DIGITS AMD FOUR SPACE

FASCIT BYTES. BUFFER ADDREDD AYAILABLE IN R2

ARZEA4 B19146 ICA: MOV R1.-(5P)
AEZEREE A10345 MDY R3.-(5P)
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¢83a13
pezA12

ABIA1R
A03n29
ABRIR22

AR3A26
aB303n

na3az4
BE3AE6
AAZE48
2a3842
pE3R44
ARZR4E
aeza39
AE3A52
REZES4
AA3E56
AB3A60

[a]
=
[
=
g}
rJ

(s R )
momm /S

3 e D0 Gl W

[ U o B oV
I s s A3

=
DM ED

an3192
AE3 104
PRI1a5
RE3118
aRz112
pE3114
AE3116

BA3122
nE31z26

aa3132
9p3134
aa3136
AA3148
an3142
AR3144
283146

a10446
012781
003134
805700
180483
112722
ARBBS3
nea4o4
112v22
Bee855
nE5400
1p2427
2E5803
a11104
pB1414
820804
AR2484
Bas2a83
851104

1p2401 .

AaaryY2

BE27A3
ABBEn6ee
1184322
160488
RE2108
aparel
A12vas
026840
R10322
A10322
A12604
n12603
812601
ampazas
112722
0868863
g127v22
A31067
B12v22
033078
Ape7Ye1
A23420
981750
apP 144
aBEAL2
9680001
jaJajajatafal

PAGE 219

10Y R4.-(5P)
MDY #DWORD.R1

T5T RB  :CHECK SIGHN

BMI ICA3
MOVB #53.(R2)+ ;:LOAD ASCII CH. FOR +
BR ICLOCOP

ICA3: MOVB #33.(R2)+ s-ASCII CH
MEG RB
BYS ICRERR 3NEGMAX

ICLOOP: CLR R3 :5CALE FLAG
MOY(R1).R4 :ELEMENT OF DECIMAL ARRAY
BEQ ICEND :IF EQ B.DONE

ICAZ: CMP RB.R4 3JRBLRA?
BLT ICAL- : YE5.G0 TO NEXT ELEMENT
INC R3 s INCREMENT FACTOR
ADD (R13.R4 :NO.ADD ARRAY ELEMEMT TO R4
BvS ICAl :0YERFLOL
BR ICA2 :L0O0OP BACK

ICA1: ADD #6B.R3 :COMVERT SCALE TO ASCII
MOYB R3. (R23+ :LOAD SCALE OMTO BUFFER
SUB R4.R92 :FORM REMAINDER
ADD (R1)+.RB 3 IN RB
BR ICLDOP '

ICEND: MOY #B20B40.R3 ;TLIO ASCII SPACE CHS.

MOV R3.(R2)+
MOV R3., (R2)+
MOV (SP1+.R4
MOV (SP)+.R3
MOV (SP)+.R1
RTS RS

ICAERR: MOWB #63. (R2)+

MDY #B31067. (R2)+
MOV #B32870, (R2)+ sL0OARD -32768 IN BUFFER

BR ICENMD
DWORD: .LJORD 18@°A8.,1R088.,1008..10..1..8

i{SUBROUTINE TO HANDLE INFUT FROM TTY
:CALLING SEQUENCE

JSR R5. IMBUF
.LIORD W ;NO.OF WARIABLES IN INPUT LIST

e

e
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8n3158
AR3152
083154
aA3136
AB31:0
AA3162
AR5 164

AR317H

apzir4
AB31TE

BE3282

903286
AR3218
Ap3212

AR3214
BA3216
BE32208
AR3222
AR3224

B

22
nE3za2

BB32ZA8
BR3232
aa3234
03236

AB3242

8180845
g1e146
A1R2 16
g10346
010446
812583
g127008

a2e049 -

BHA4967
1ve7r4
012584
BB4567
1Y6v46
AR4567
177346
A18A335
885383
AR1364

812684
A12603
f12682
A1z681
012600
AER2835

a1pa4de
Bip4dn
plz5a4
pE4567
1¥v¥312
B1PB33
AA93844

E B21E73

n12604

A12600
pRA2eS

me we We

e

e We Ws W wa

INBUF :

INBUL:

.
a

PAGE 211

.WORD AMESS.A
.WORD BMESS.B

.LJORD MMESS.N

MOY RB.-(SP)
MOY RI1.-(SP)
0V R2,-(SP)
MOY R3.-(SP)
MOY R4.-(5P)
MDY (RS)+.R3

N PAIRS OF WORDS FOLLOW
sFIRST WORD OF PRIR CONTRINS ADD
SVARIABLE MESSAGE TD TTY
sSECOMD WORD THE VARIABLE ADDRES

;PROGRAMME RETURNS HERE

:COUNT OF VARIABLES TO EE INPUT

MOV #028849,.R8  :TWO ASCII SPACE CHS.

JSR RS5.PUTCHR

MDY (R5)+.R4
JSR R5.MESS

JSR R3,GETNUM

MDY RB.@(R3I)+
DEC R3
BHME THBU1

MOY (S5P)+.R4
MOY (SPY+,R3
MOY C(SP)+,R2
MOY (SP)+.R1
MOV (SPY+.R@
RTS R3

SUBRDOUTINE T0O HAMDLE
FORMAT C(MI-),.- FOLLOWING I IMDICATES

$THAT LORD IS IMPUT IM I FORMAT AWD COULD BE TERMINATED
:BY A CR OR COMMA

IBUFER:

IBUFBA:

e

MOy RA.-(5P)
MDY R4.-(5P)
MDY (R5)+.R4
J5R R3.GETHUM

MDY RB.B(R3I+
DEC R4

EME IBUFBA
MDY (SPY+.R4

MO (SP4-.RB
RT5 RS

;TWO BLAMK SPACES OMTO TTY

JPOINTER TO THE MESSAGE TO TTY
PRINT THE MESSAGE ON TTY

sGET THE IMPUT FROM TTY

MOV THE IMPUT TO THE VARIABLE ADDRESS
3DECREMENT THE COUNT
sBACK. IF ALL VARIABLES NOT INPUT

IMPUT FROM TTY

iNO OF LIORDS TO BE INPUT
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PR3Z236

BO3264

003272

BR33a8

pBp33a2

AB32a6

883318

ARs314

an332n

BR=326

AAZE32
PAZ334
BA3ZZ6
AR3348

003342
BR3344

BA33R2

AR3356

113767
177562
088432
B42v767
177600
neB424
126727
180428
208003
An1403
aa5267
000412

08082

A16646
0B0Ba2

012r46
AB3322

e

.
a

PAGE n12

STTY INTERRUPT SERVICING ROUTINE

RDRINT:

RDR1:

apapB2

B16746
1¥7B62
B16746
177068

818046
819146
9198246
B18346

a1844e
810546

112708
nERAse
B84367
176612
BBASE?
1ree22

A167a0

1rrp2z2

az2eezv
473503

MOVB @#17Y7562.RDRLOC JMOVE BYTE

BIC #177608.RDRLOC $ASCII CODE

CMPB RDRLQOC.#3 :CONTROL £ KEY INPUT?

BEQ@ RDR1 : IF SO BRANCH
INC GETFLG
RTI +IF NQT RETURN TO THE POINT OF

# INTERRUFTION
MOY 2(SP),-(SP) :SET UP PROGRAMME STATUS FOR

SEXECUT
MOV #EXECUT.-(SP)

RTI

tEXECUTIVE PROGRAMME
sENTERED FROM TTY KB BY CONTROL C KEY INPUT.

EXECUT:

EXELUP:

iR VARIETY OF EXECUTIVE OR MOMITOR FUMCTIOMS COULD BE INCLUDED H

MOV BUFFER.-(SP)

MOV BUFFER+2.~-(SF) :5AVE PREVIOUS COMTENTS OF BUFFE
ONLY FIRST TWO WORDS SAVED

MOV RB.- (5P}

MOY R1.-(5P)

Moy R2.-(5P)

MOY R3.-(5P)

MDY R4.-(SP)

MOY R3.-(SP)

MOYB #°..RD

JSR R3.PUTCHR JPRINT *.7 ON TTY

JSR R3.LINE sGET A LIME OF CHS. FROM KB

MoY BUFFER.RA@ ZADDRESS OF FIRST WORD QF IMPUT CHS

JRA CONTARINS FIRST TWD BYTES
CMP RB,*"CD 2 =C07?
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V83372 Bglaz4 BEQ EXECAN
883374 A28027 CMP RA.#"RE 2 =RE?
942522
pB3480 BA1436 BEG EXERES
AE34A2 828027 CMP RA.#*"AR :=AR?
es51101
aA34n6 881435 BEQ EXEART
pB3418 B20027 CMP RB.#"IO ;=107
B4v31l
AR3414 AQ1434 BEQ EXEIOT
a03416 A20027 CMP RB.#"TI 1=TI?
044524
003422 AA1433 BEQ EXETIM
nA3424 p20027 CMP RB.#"DA :=DR?
R40584
an3430 BR1472 BEQ EXEDAY
AR3432 112700 EXEOUT: MOVB #°?.RO
aReEer?
AB3436 BB4567 J5R RS.PUTCHR :IF NONE OF ABOWE PRINT 7”7 ON TTY
IYE526 -
AE3442 BEB74AS BR EXELUP (AND BACK TO GET CORRECT COMMAND
AA3444 912605 EXECON: MOV (SPY+.R3
nE3445 A12604 MOV (SPY+.R4
ABZ430 A126683 MOV (SPJ+.R3
an3432 812602 MOY (SP)+.R2
AAZ454 B12601 MOV (5PY+.RI1
AR3456 N1268A MOV (SP)+.RB
ARZ458 B12667 MOV (SP)+.BUFFER+2
1IYE726
0E3454 R12667 MOY (SP)+.BUFFER ;RESTORE BUFFER CONTENTS
176728
AR347R PASALY CLR GETFLG :SET THE GETCHR ROUTINE FLAG=8
a08224
AR3474 PBAPAZ RTI
ARZ476 AR4567"EXERES: JSR R5,.VISIB
slalslala)s}
PAAZ5A2 PO4567 EXEART: JSR RO,ARTEST
sfajslalals)
PAZSAG AR4567 EXEIODT: JSR RS, IOTEST
1Y6266
PEZS12 126727 EXETIM: CMPB BUFFER+2.#13 3CR?
176674
nBEABLS
PAZS20 AB1427 BED EXETIL
PA3Z22 126727 CMPB BUFFER+Z.,#54 :COMMA?
17E664
aRAR34
ABRZS3R AR1340 BME EXEOUT $IF °TI° IS NOT TERMIMATED BY CR OR
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COMMA 2RCK TO GET CORRECT CEMMAMD

fA3532 PA4567 JSR R3. IBUFER
e
AA3536 PROBA3 LLORD 3
BR3540 0EARRB~° .WORD THR.TMIN.TSEC
AR3542 pEARER”*
PR3544 BEAEAG”"
AR3546 B2R72Y” CMP THR.#23. 3 THR>237
spalsfalal)
aaEn2r
BA3554 AR3326 BGT EXEOUT
BA3556 A26r27” CHMP TMIM.#39, s TMIM>537?
alsjslalala}
nBREAT3
AB35a4 PE3322 BGT EXEOUT
ARZ5E6 P267277 CMP TSEC.#53. $SEC>597?
apeane
peREaY3
BE35374 AR3316 BGT EXEDUT
fIF TIME IMPUT IS INVALID
1777 15 PRIMTED OM TTY
JINPUT COMMAND STRIMG AGAIN
ARZSYE BRA722 BR EXECOM
ARZEEA BA4AS5Y EXKETIL: J5R RS, ICABUF
trr112
ajalslalak LLWARD 3
ARAREe” LLORD THR.THMIM. TSEC
jajalalalalaliy
a]s]alula)ile
ARZEA14 ABAT 13 BR EXECON
AAZE1E 126727 EXEDAY: CMPB BUFFER+2.#15 :CR?
176578
nEn[A1S
ARZE24 BB1425 BEQ EXEDAIL
AB3EZ6 126727 CMPB BUFFER+Z.#354 sCOMMAT?
176360
aaR054
AE3534 AB12Y6 BHE EXEDUT

AR45367¢ JSR R5.IBUFER YACCEPT DAY.MONTH AND YEAR FROM KB
177366

DARBR3 JJORD 3

ajalslalalale LLIORD TDAY., TMOM, TYEAR

ajulalalsiuiy

nARRER "

A2GY 27" CHP TMOM., #12. FTMOM> 127

sjalualal)
pRaA14
AB3CE0 AR3264 BGT EXEOUT
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BR3662

. BR3EEE

0B3674

PR3EY6
RE3FAR

Aa37Ad
BB37HA6
aRzr 10
AA3T12
Ba3714

AA3F 16
BE37Z0

Ba3TZ2
ulu Erge

A8=r3n
ne3v34
ABR3736

Ap3E742
BAZF 44
ABZ7r45
ABR3FSH

ABA77H

By4567
anne34
B26Y67”
AE60008
200008

AR2256

ampneEe2

004567 EXEDA1:

1rrol12
008883
papana”
paABAR”
lals)slalalahe
aARES3

PAGE A15
JSR R3.MONDET

CMP TDAY.MOMDAY :TDAY.GE.MAXIMUM DAYS

:IMA MONTH+17?

BGE EXEUQUT

s IF DATE INPUT IS ILLEGAL

777 IS PRINTED ON TTY

AND FRESH COMMAND STRING CAN BE INPUT
BR EXECON sCONTINUE WITH THE PROGRAMME

JSR R5.ICABUF

.LORD 3
.WORD TDAY.TMON-TYEAR :PRINT DAY.MON.YEAR ON TTY

BR EXECON

ABBPBO RDRLOC: .WORD A

ARABBB GETFLG:

.WORD B

#FOLLOLIIMG ROUTIME DETERMINES DAYS IMN A MONTH
:LEAP YEAR ALSO ACCOUMTED FOR
SMOMDAY=MARXIMUM ND OF DPYS TN THE MONTH+1

210046 MONDET:MOY "RA.-(SP)

B167Re"
sjalalalels)
RZAR27
lalalalalaky
B03R16
B20827
6ABBA2

AB14in
ARE2A8 EXEV:
103404
A12767"
lalslalsk i
alalafala)a)
BaR4e3
B12767 " EXE4:
nERO48
slafalala)]
012608 EXES:
BaA283

1527a8 EXE2:
a)alalalo
ARATE2

MOY TMON.R®

CMP RA.#7 ;COMPARE TO JULY?
BGT EXE2 3BRANCH 1F GREATER
CMP RB.#2 iFEB?

BEQ EXE3

ASR RA :DIVIDE BY 2

BCS EXE4 JJUMP IF ODD MONTH

MOY #31..MOMDAY :=38+]

BR EXES
MOV #32..MONDAY :=31+1

MOy (SPY+,RO
RTS R5

SUB#7.RB :FOR MONTHS STARTIMG WITH AUBUST

BR EXE?
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JFOR FEBRUARY
AR4RED B1670B"EXES: MOV TYEAR.,RS

nBBe0a
084084 96288 ASR R® :DIVIDE BY 2
84005 103406 BCS EXEE ;CANNOT DIVIDE BY 2
A04R10 BPE208 A5R R@ ;FURTHER DIVIDE BY 2
AA4R12 103404 BCS EXE6 JCANNOT DIYIDE
0R4R14 B12767° MOV #38..MONDAY ;=29+1

0paAR36

0oBReo
fp4E22 BEAFE] BR EXES
084824 B12767"'EXEG: MOY #29..MONDAY ;=28+1

BvAB3s

slals]alals)
0B4832 0RATYS5S BR EXES

e

e we ¥y

Bo28088 .END IOTEST

PAGE 817

A08AAR ERRARS
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aB4420
204482
084404
BB4485
204410
aB4412
aR4414
nA4416
nA4428

BR4422
pn4424

0BoBaRA
aapanl
areen:2
nERAR3
appan4
268RAAS
BERAEAG
a)slala)she

AAEAEN

pR4400

nE=AA 1
918446
oesne4
BESTAA
AP 1437
10ER03
ARS284
naS40e6
102436

BB5vYe2
nB1431

FARITHMETIC PACKAGE

3 SUBROUTINES

H ARTEST:
H MULT:

: DIV:

H FMULT:
: FDIV:

H LOG:

H NORMD :
H SALOG:
H RSHIFT:
: LSHIFT:
H HORM:
RB=%8

R1=%1

R2=%2

R3=%3

R4=%4

R5=%5

SP=%6

PC=x7

.TITLE ARTEST

LASECT

ARTH.PACKAGE SOFTWARE TEST ROUTINE
MULTIFLY ROUTIME

DIVIDE ROUTINE

SPECIAL MULTIFLY ROUTINE

SPECIAL DIVIDE ROUTINE

LOGARITHM ROUTINE. BASE 1@,

DOUBLE PRECISION NORMALIZATION ROUTINE
SUPPLIES SCALED LOGARITHM.

RIGHT SHIFT ROUTINE

LEFT SHIFT ROUTINE

HORMALIZATION ROUTINE

.GLOBL INWBUF, MESS.ICABUF.,INIT.GETNUM.ARTEST

. =4480

.GLOBL LSHIFT.SCALE LRSHIFT.DIV.MULT.LOG.SCALOG.NORM. FMULTAFDIY

SMULTIPLY ROUTINE

: SUPPLIES DOUBLE PRECISION INTEGER PRODUCTIM (RB.R1)
+# WITH SIGNIFICAMT PRODUCT IM Rl AHD OVERFLOW IN RB.
SMULTIPLICAMD ANMD MULTIPLIER IN RA AND R2

.
-

.
.
H

MULT: ELR R1
MOV R4.-(SP)

MULTI:

CLR R4
TST RA

sCOUNTER

3S5IGN
JMULTIPLICAND

BEQ@ MULZER PZERD PRODUCT
BPL MULT! sJUMP O IF +

INC R4
MEG RB

iMOTE -

BYS MULERR

TST R2

BEQ MULZER
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884426 10686883 BPL MULTZ sJUMP IF -
p04438 BAS5204 INC R4 : SET PRODUCT SIGHM
aB4432 B@A5402 NEG RZ
084434 192430 BYS MULERR
004436 B18346 MULTZ2: MOV R3.-(SF)
884440 812783 MOV #-16..R3 $SET CO"NTER
177raB
AB4444 9p6381 MLOOP: ASL Rl
nR4446 BRE100 ROL RB :DOUBLE PRECISION LEFT SHIFT
a84450 103082 BCC MOADD : MOST SIG BIT GOVERNS RDD
984432 060201 ADD R2.R1 :1IF SET ADD MULT.
004454 BE5580 ADC RE :KEEP 32 EIT PRODUCT
Bh4456 BES283 MOADD: INC R3 :DONE?
A04468 081371 BME MLOOP 3 IF NOT CONTINUE
pa4462 RB12683 MOY (SP)+.R3 '
004454 PEEE04 ROR R4 :GET PRODUCT SIGH
004406 1834081 BCS MULOUT sJUMP IF -
A84478 990485 BR MULT3
BE4472 BA5180 MULOUT: COM EB
084474 65101 Com Rt
884476 9627A1 ADD #*1.R1
jafulalalapt
AB4502 035500 ADC RA
aR43R4 912604 MULT3: MOV (SPI+.R4
884586 BBB203 RTS RS

AA4510 0508 MULZER: CLR R8 :ZERO PRODUCT

BE4512 BB5Ea1 CLR R1

084514 BBBYY3 BR-MULT3

pad4s16 B12784 MULERR: MOV#MULMES.R4
0884538

004522 BB4567” J5R R3.MESS
jafalalalala)

084526 ARATEL BR MULT3

2B45286 A15 MULMES: .BYTE 15.12

884331 g1z

804332 116 .ASCII ~NEGMAX.MUL~
PBR4SZ3 185

004334 1av

BB4535 115

AB4536 181

na433v 130

AR4T49 n54

084541 115

Ghgad2 123
A04543 114
BB4544 215 .BYTE 15.12.8

BR4545 g12
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[av]
Ao ]
N

004546 julsh
AB4558 .E%EN
:DIVIDE ROUTINE
;DOUBLE PRECISION DIWIDEND RERUIRED
:(RA.R1) CONTAINS DOUBLE PRECISION DIVIDED
:R2 DIVIDER
:QUOTIENT IN R1

a

0R4559 B1@346 DIV: MOY R3.-(SP)

9R4552 AASAD3 CLR R3 :SIGN

ABR4Z54 BASYe2 TST R2  :DENQMINATOR

284255 aBlad7 BEQR DIVERR sCANNOT DIVIDE BY ZERD

BB4Z68 168082 BPL DIV1 JJUMP O IF +

284362 BAS283 INC R3 :NOTE-

PB45n4 085402 NEG R2

AR43c6 0857EE DIVI: TST R® :CHECK MUMERATOR

aB457a 881436 BEQ DIVS

AR4372 108806 BPL DIY2 JJurP IF +

ABR4Z74 PRS2683 INC R3 :SET RESULT SIGN

AE4576 PES5180 CoM rB

PE4EA8 DAS181 CoM R1

PA4ER2 Be2va1 ADD #1,R1
BERED L

AB4che PAS568 ADC RB

AA4519 A20200 DIV2: CMP R2.RO

BA4E12 1B3437 BLO DIVER2

084de14 918446 MOV R4.-(SP)

BR461n A1Z27R4 MoV #16..R4 sSET FOR 16 ITERATIONS
0ANB20

PA4E22 BAG3A1 DIV3: ASL Rl

AR4E24 PRG6 106 ROL R8 :DOUBLE PRECISIOM SHIFT

AB4E26 B8R 1485 BEQ DIVLUP ;JUmMP IF RB=8B

ABR4630 BR5281 INC R1 :ASSUME IT WILLGO.INSERT QUOTINT BIT

AR4E3E2 16RZ208 S5UB R2.RB ;TRIAL STEP

PB4534 163802 BHIS DIYLUP Hije

PE4636 BEAZBA ADD R2.RA :DIYIDEND MOT BIG EMOUGH YET

Ua4E40 ARS301 DEC R1 :TRKE OUT QUOTIENT BIT

AR4E42 BRS3A4 DIVLUP:DEC R4

AR4644 AR3366 BGT DIV3 G0 AGAIN

AB4e46 812604 DIVA: MOY (SF)+.R4

AR4AE5A BAS481 MEG R1 :TEST FOR MEGMAX

GR4552 DRAB2B3 ASR B3 :GET RESULT SIGN

AE4E5d 183402 BCS DIV4 JUMP IF NEG

AE4E5E B8P3401 MEG R1 :ANSLWER I3 +

ARdLEcE 182406 BvS DIVERR ;3 JUMP IF ANSUER IS MEGMAX

AA4E52 A12683 DIVd: MIV(SP) +.R3
AR4e64 BAE285 RTS RS :QUOTIENT IM R1

0R4e56 BR57BL DIVA: TST R1
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dB4o7s 281347 BHE DINE
AB4572 ARSPA1 DIVZER: CLR R1 : RESULT IS ZERO
AB4E74 BOBOTY2 BR DIv4
AR4E76 A1B446 DIVERR: MOV Rd4.-(5P)
an4rea a127e4 MOV #DIVMES.R4
004734
AB4rB4 8P4567" J5R R5.MESS
jalalslafa)s)
a84r1g 812604 MOV (SP)+.R4
pR4712 B1A446 DIVERZ: MOV R4.-(SP)
pA4r14 A12704 MOy #DIMES2.R4
804747y
084720 BA4567 " J5R RS.MESS
aparee
AB4724 912701 MOV #@7B208.R1 :SET MAG OF QUOTIENT=28672.
pgalalale)
A847=0 B9a8Y46 BR DIVE
pB4r32 88erss . BR DIv4

RE4734 @15 DIVMES: .BYTE 13,12
AB4735 B12
BA4736 104 .ASCII /DIV BY B,/
BR4737 111
BR4748 126
ae4741 840
nA4r42 182
AB4743 131
BEa47 44 040
AR4r 43 6B
A047 46 854
ABd7 4y 195 DIMES2: .ASCII ~ERR.DIV/
BR47TER 122
804751 122
AB4rE2 B34
AB47r33 184
BeA4734 111
AB4753 126
AB47E6 815 .BYTE 15.12.80
aB4rsy 12
AR4ren alala]
A84r62 EVEN

.
-

:DIVIDE ROUTINE --FIXED POINT ARITHMETIC
IMUMERATOR IN RO

:DENOMINATOR IN R2Z2

! QUOTIEMT IN R1

>

AB4752 BR5881 FDIV: CLR Rl

AR4764 BRG2RY ASR RA K

gRATEe BDaA01L ROR R1 :SET UP DIYIDEMD FOR INTEGER DIV ROUTINE

gR4rvB 894567 JSR RS.DIW :CALL IMTNGER DIVIDE ROUTINE
177554
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ag4rsr4

aB4vre

PRSAA2
BESAAL4
)abyafal=

ABse1e
REIA12
BATE14
ABSA16
pESAZY

BESA24

AE583n
BBSAE2
0e5n34
2A5Sk36

pasAR42
anp5044
aasSn4dn

jafals]siar

@p3a34

BBIA56
ABSEEA

B8E082685

BE4367
177376
pEe3e1
BRe18me
BBA2aS

n263581
118322
155364
164354
154578

n18346
a10446
DASyYea
pA3582
a12rvel
2pe917¢
BR4567
nAA426
R10146
518846
ap62a608
ne2708
826581
Bleanz
1626089
aBR4367
177718
A18146

A1a18e
pla1B2
BR4567
1revri2

e e

PAGE

RTS

an4

RS

SMULTIPLY ROUTINE--FIXED POINT ARITHMETIC
JMULTIPLICAND IN R
fMULTIPLIER IN R2

.
H

FMULT: JSR RS.MULT

we wa wE e we

ASL
ROL
RTS

R1
RO
RS

$LOGARTTHM SUBROUTINE

$SUPPLIES LOGARITHM TO BASE 1@ OF INTEGER NUMBER
:INTEGER (I) AYAILABLE IM RA

;PROGRAMME RETURNS WITH LOG1BC(I) IH

1(RE.R1) LITH SIGHNIFICAMT PRRT IN RB

:ASSOCIATED SCALE FACTOR IN R2

CONSTANTS

LDG:

CLa=

11585,

CL1=-28462.

CL3=
CL3=

-9484,
-5968.

L1B2=-9864,

MOV
MOV
13T
BLE
Moy

JSR

MO
Moy
ASR
ADD

Moy
SuB
JER

Moy

MDY

May
JSR

R3,-(5P)
R4.-(SP)
204}
LOGERR
#15..R1

R5.MORM

R1.-(5P)
RB.-(5P)
RA  :ARG
*#C|l.B.RO

RB.R2
(SP)+.R0O
R5.FDIY

R1.+~0(5P)

R1.RA

R1.R2
RS-FMULT

sBRAMCH IF LESS THAN DR EQUAL TO ZERD
:SCALE FRACTOR OF ARG I

iMORMALIZE ARG

$1PUSH SCALE AT 13

:STORE ARG AT B
AT 1

SARG+1-5QRT2 AT |

:—-(ARG-1-50RT2)AT 1

2 AT B

22 AT )
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Hd5EL
AB3RE6

AASET2

AB5ATE

pRs51922
aa51a44

AEs110

fAs114
085116

AaEsS122

AR5 126
aBs138

pAS132
PAS 134
AES5 136
285140
AEE142
Aa5144

ARS 145

AR5152
ARsS 154

BAS 160
AE5162
BaES5 154

88517va
ABE172
pAS 174
AB5176

pE5209
BASZ02
BASZA4

BA52A6

J

aps212

I

913d4b
p12v02
164354
an4567
17rvon
062790

135364

B12602
BB4567
177666
A6270a
118322
012602
DB4567
177654
B12v01
1545789
BReZn1
AEReB 1

012680
A12146
DRE300
ARG3688
ARE3P0
DER3NO

A12v02
1534578
AR5492
A84567
177616
AE5003
B12602
n12ra4
ajalalalags
HEe2n2
ABERB3
AB5304
nR 1374

BAA3A1
ajalstatals)
acR2e0a

71272
nARBO4
AA4567
aBpas2

5 B12684

912603

BEBZAS

FPAGE [5]a}s]

My R, = (3%
MDY #LCLS.R2

JSR RS.FMULT
ADD #CL3.FO

MOV (SPY+,R2
JSR R3,FMULT

ADD #CL1.RO

MDY (3P)+.R2
JSR RS,FMULT

MOV #L182.R1

ASR R1
ADD RB.R1

MOV (SP)+.R@
MDY R1.-(5P)
SWAB R8
ASL RO
ASL RO
ASL RB

MOV #L182.R2

MEG R2
JER RS.FMULT

CLR R3
Moy (SPY+.R2
MOY #<4, R4

:STORE 22

:Co¥2Z2 AT @

1C3+C5%22 AT D

122 AT B

1RA=Z2x(C3+CS%Z2) AT O

iRB=C1+22%(C3+CS%Z2)AT B

2 AT B

FRO=Z2%{C1+Z22:k(C34+C5%22) )

;=L18(2)

AT B

:DIMIDE BY 2
JR1=-L0OG18(2) 72+ (C1+22%(C3HLIKZ2) )
iR1=LOGIBCFACTION)

:SCALE AT 15

;L1IBCFR)

RT B

SEIGHT LEFT SHIFTS

JTHREE MORE SHIFTS. ELEWEM IN ALL
;SCALE AT 4

i=L132)

AT B

iL1AC2) AT B

SET UP LOGIACFRY ATO IN (R2.R3) IN DBL.

sCOUNTER

FOR SHIFTS

LOG1: ASR R2 :LOW ORDER BIT TO C
:C TO HIGH ORDER BIT OF R3

ROR R3
DEC R4
BNME LOGI1
ADD R3.R1
ADC RA
ADD R2.RO
MDY #4.R2

JSR R5.MORMD

LOG2: MDY (SPY+.R4
MDY (SP)+.R3

RTS RS

sCOMTINUE. IF NOT ZER®

1 (R2,R3)

CONTAINS LOGIAC(FR) AT B

LIBCD =LIB(FRY+LIBCEXPBNENT)Y AT $

L1eCh

1SCALE=4

IS IMN (RB.R1) AT %

fHORMALIZATION

L1801
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805224 8050AB8 LOGERR: CLR R@

ARS5226 AASABL CLR R1

283239 B12rp4g MOV #LOGMES.R4
AAs242

AA3234 BR4567”" JSR RS.MESS
ajalslalole)

0A5240 8PATE6E BR LOG2

AR3242 P15 LOGMES: .BYTE 13.12
B8B5243 912

083244 132 .ASCI! ~ZERO RETURNED.LOG~
AAS243 193

085246 122

ART247 117

8As258 g4@

BASZ51 122

aB5252 183

ARS253 124

aB3254 125

RE3253 122 .

AB5236 116

RESZST 185

ABRS25E0 184

BE5251 854

RAEE262 114

a05S253 117
ARSz64 187
BASZA3 B15 .BYTE 15.,12.8

Ea52506 012
BaIZEY a)ala}
nRS270 .EVEN
:DOUBLE PRECISION NORMALIZATION ROUTINE
{FOR LOG ROUTIME ONLY
:(RB.R1) COHTAINS DOLUELE PRECION MUMBER
1 (R2) CONTAIMS SCALE OF THE MUMBER

BESZYH 00533602 NORMD: DEC RZ2  :SCALE

BEI2T2 PR63AL ASL R1

RESZT4 BB6180 ROL R® :DOUBLE PRECION SHIFT

9B5276e 801485 BER MORFIN ;OPERATIOW COMPLETE IF RB IS B
AB5388 162373 BYC NORMD sCOMTIMUE IF SIGN DID NOT CHANGE
BASZAZ NEEOA0 FOR RO JRESTORE SIGN

pES3A4 BRCAR ] ROR R1 AN THE NUMBER

805280 PASZRZ INC R2 $AMD THE SCALE

FRS318 BOA486 BR HORXIT (HORMAL IZATION COMPLETE

ABSZ12 BBEAAD MORFIN: ROR RB :RESTORE SIGH:ARABANE OR 109PBH

AES314 P9RA01 ROR R1

AES316 BEL2RO ASR RV

BESE20 PRLAGL ROR R1 AMD REPLICATE IT:008008 COR 1488a@0
apS3I22 PASZ2e2 INC R2

BRSZ24 PASZO2 INC R2 1AMD RESTORE THE SCALE

ABRS3Z6 PAAZ2AS MORXIT: RTS RS
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$SCALING ROUTINE FOR LOGARRITHM ROUTINE

IRB CONTAINS INTEGER I

: (RB.R1) OM RETURM FROM LOG ROUTINE CONTAIMS LOGCT)k2siekil
15CALING MEEDED IS LOGCI)*2#%SCALE

JASSUMES SCALE<11L

PLOGCI) k24kSCALE AVAILABLE IN RB

BA353330 818146 SCALOG: MOV R1.-(5P)

A05332 818246 MDY R2.-(SP)
PB5334 BR4SE? J5R R5.LOG ;LOG ROUTINE
177458
0R5248 A12701 MOV#15..R1
nEoea1Y
AR3344 160281 SUB R2.R1 :SCALE OF NO IN (RB,R1} FROM LGG
Ba5346 16567817 SUB SCALE.R1 H
alalalalals]
BE5ZE52 BB1483- BEQ SCAXIT
AA5354 10808485 BMI SCALO1
fUE NEED (R2-5SCALEY RIGHT SHIFTS ON R@A
ABRS356 BA456Y JSR R5.RSHIFT  :PERFORMS (R1) RIGHT SHIFTS ON RO
nEBRB14
pASZe2 B12602 SCAXIT: MOV (S5P)+.R2
AA53354 812601 MOV (SP)+.R1
ARSZLE ABR285 RTS R5
ABSE7A AR4567 SCALD1: JSR RS.LSHIFT
anBB12
PESET4 BAATY2 BR SCAXIT

s we we

:RIGHT SHIFT ROUTINE

(PERFORMS (R1) RIGHT SHIFTS ON R@
;(R1) SHOULD BE GREATER THAN ZERO

@ASZT6 005280 RSHIFT: ASR RO :SHIFT RIGHT

AR5428 885381 DEC R1 :DECREMENT COUNT
nR54aA2 BB1375 BME RSHIFT :LOUP BACK IF NOT FINISHED
9085494 ABDB2AS RTS R3

:LEFT SHIFT ROUTINE
$PERFORMS (R1) LEFT SHIFTS ON R@

!R1 SHOULD BE GREATER THAN ©
[R5406 BRE3NA LSHIFT: ASL RO :SHIFT LEFT
Ba5418 192403 BVS LSHERR
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8as412
Ba3414
pas416
pA5428
aes422
Ap5424

ARS438

AAS434
RAS4Z6
885448
AAS441
aR5442
AA5443
AB5444
AE5445
AB5446
ABR5447
RE5450
pAS451
AR3452
ARS433
ARS 454
BE5435

Ae5435
AAS4ea
ABs4E2
AE3454
AAS4E6
a83478
ga34r2
ABS47 4
BRS476

AESZAZ

AASSA4

PAGE 18

pRS3a1 DEC ®i :DECREIEMT COUNT g
01374 BNE LSHIFT 1LO0P BACK IF MNOT FINISHED
ABRBERS RTS RS
AAEMAR LSHERR: ROR RA :CRUDE ATTEMPT IN HOPE SYSTEM MAY RECOYE
A19446 MOV R4.—-(5P)
A12re4 MOV #LSHMES.R4
‘AR5440
BAASET” JSR RS5.MESS
AEARB.
n12684 MOV (SP)+.R4
pBAZES RTS RS
15 LSHMES: .BYTE 15.12
at2 '
1y LASCI! ~0V.FL:ASL/
126
836
106
114
pv3 -
181
123
114
a13 .BYTE 15.12.8
B12
0ea
:NORMAL IZATION ROUTIMNE
tCALL:
: JSR RS, NDORM
:RE CONTAINS THE FRACTION TO BE MORMALIZED
:R1 THE SCALE FACTOR OF MUMBER IN EB
10M RETURM--R® COMTAIMS MORMAL IZED FACTION
:AND R1 THE ASS0CIATED SCALE FACTOR
ARS3A 1 HORM: DEC R1 :DECREMENT SCALE

AAG3A8 AsL RA :SHIFT BS IMTO LOLER BIT

001484 BEQ NFIN . IF RESULT 1S 8.0PERATIAON IS COMPLETE
132374 BYC NORM :1F SIGH DID NOT CHAMGE CONTINUE
n9pANG ROR RA sRESTORE SIGN

pBs2a1 INC R1 IAND SCALE

ARB46 4 BR NDONE sMORMALIZATION COMPLETE

ARERee HFIN: POR RA  :RESTORE SIGN:GG0ABA GR 100820

gas28a ASR Ra@ :AMD REPLICATE IT:o2230R OR 149000
ARsS201 THC R1 : IMCREMENT SCALE

ARSZ281 INC R1 ¢ IMCREMENT SCALE

ARR2AS MDOME: RTS R3

:ARITHMETIC PACKASE TEST ROUTIME
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SNEEDS T7% 10 PACKAGE

3ACCEPTS + INTEGER [ FROM TTY AND
PRINTS LOG1@¢€1)*2%KkSCALE WHERE
;REQUIRED VALUE OF SCALE HAS TO BE SET
3IN THE APPROPRIATE VARIAELE ADDRESS

085596 894567 ARTEST: JSR R5. INIT

jafals]a]a]y]

AB3512 PA4567°ARBACK: JSR RS, INBUF
alalala)alo]

083516 BOBPE1 LLORD 1

BB5527 PAS554 .LIORD AWORD.AR1

085522 BAASSeEA

883524 016788 MOV AR1.RO
nBAB30

AA353A AR43567 . JSR RS5,SCALOG
1vvsv4

005534 010067 MOV RB.DR1
aeee22

PASS48 AR4567” JSR R5, ICABUF
alajalala]a)

805544 80ARG2 .WORD 2.AR1.DR1

ARSS45 ARS56R

AA5550 BBS562

AAS552 @eArsy BR ARBACK
BB3554 111 AWORD: .ASCII A=
BAS535 ars3

BAS556 jalala} .BYTE 0
AB5560 .EVEN
983560 POAAOD AR1: .WORD B
0035652 ARARAA DR1: .WORD B
103586 .END ARTEST
PAGE 12

092882 ERRORS
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ARBACK
AWARD
CL3
DIV
DIVLUP
DIV}
DIv4
DR1
GETNUM
INIT
LOGMES
LSHERR
L182
MULERR
MULT
MULT3
MFIM
MORM
PC

R1

R4
SCALOG
SP

889512
BA5554

= 155364
A845350 G
04642
004566
RB4EE2
AR5562

= ek G

= HCRRACK G
pes242
85428

= 154570
AR4516
[844a8 G
AR4584
ARS 74
Ans5456 G

=x%RapRp7

=¥EANRa L

=xupaRe4
RAS33D G

=3800086

ARTEST
CL3
CLS
DIVERR
DIVMES
DIVZ2
DIYS
FDIY
ICABUF
LOG
LOG!
LSHIFT
MESS
MULMES
MILTi
MJLZER
NORDD
NORMD
RSHIFT
R2
RS
5CALD1

pas5n6
026501
164354
ER4ETE
BR47 3
2R4618
AB4EES6
an4rs2
= HORHOKIOK
AR=A1A
AAS 178
9R5405
= RECRYCKK
AR4538
BR4422
B04318
AB4456
ARS27A
AA5376
=£080802
=2B0Raes
AA5378
= BA55&4
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Oom

oo

rp]

AR1
CL1
DIMES2
DIVERZ2
DIVZER
DIV3
DIVe
FMULT
IMBUF
LOGERR
LOG2
LSHMES
MLOAP
MULOUT
MULT2
MDONE
MORF IM
MORXIT
RO

R3
S5CALE
SCAXIT

885562
= 118322
804747
a04ri12
peR4672
BR4622
BR46465
BB4776

= okl [

ARS224
RAZ216
8A544R
AB4444
ap44y2
AB44:26
BASSA4
Pas312
ARS325
=%0EAREB
=XAABAR[3
= sRsdoRoRE
0a5362

G
[



ARTEST = ook

CRLF
DUWORD
EXECUT
-EXEIOT
EXERES
XE2

EXES
GBACK
GETCHR
GEYIL
[BUFER
ICABUF
ICA1
ICEND
INBU1
LBIG
LDONE2
LKSERY
MA INER
iiDDONE

MOMHDAY =

PUTCHR
RDR1
R1

R4
TDAY
TMOM
TWUOBIG
WORCMT

B824es
03134
BA3322
pA3SA6
083476
SISk rarer)
AB37VE6
AA2562
AE2124
ne2rea2
BA3236
na2rie
pR3E6e2
a03876
Ba3164
BR237g
AR2336
HHGRHORK
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APPENDIX 11

ANALOG COMPUTER FOR CALCULATING RVR

This appendix describes the design and operation of an analog
computer for calculating RVR developed by Dr. Joseph L. Horner.
This work was sponsored by the Federal Aviation Agency and in com-
pliance with the Project Plan Agreement (PPA) FAA-515.
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1. ANALOG COMPUTER"

1.1 INTRODUCTION

Two psychophysical equations are used to compute the RVR. The

first is Allard's Law:

R/b
I (t)
Et o __..__-.—-—o Rlzj » (l)

where Et is the illuminance threshold (a property of the eye and
background lighting conditions), Io the luminous intensity of the
specific target 1light (the runway edgelights), ty the atmospheric
transmittance measured over a pathlength b, and R the visual range.
The FAA-accepted values of Et are 1000 mile-candles for daytime, and

2 mile-candles for nighttime.

The second is Koshmieder's law,

- R/b , (2)
Cp = Co (ty,)

where Co is the contrast of a target, CR is the observed contrast,
and the factor tbR/b is that described above. The limiting value
of contrast threshold is taken to be 5.5% for aviation purposes.

The present FAA-computer selects the larger RVR value from
equations (1) and (2) and displays the result. The computer is
essentially a look-up table, where pre-computed value pairs of ty

and RVR are stored.

1.2 ANALOG COMPUTATION OF RVR

We begin by rewriting equation (1) in a consistent set of

units:
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I R/b
_ o (tb) /
L (3)
(R/5280)
where Et is in units of mile candles, R in feet, and IO in candelas.
To find the RVR, we must solve equation(3) for the transcendental
variable R. Taking the common logarithm of both sides of (3) and
rearranging terms;

E
log( t - % log t, - 2 log R. (4)
I (5280)

The left side contains only fixed parameters, and the right
side the running variable R, and the output of the field sensor ty»
expressed as a fraction always less than 1.0. Doing the same thing
for Koshmieder's Law, equation (2) with CO/CR set equal to 0.055

gli’ es,
b b

A block diagram of an analog system for solving these equations
is shown in Figure 1-1. A ramp voltage is generated for R which

increases linearly with time.

The two component parts of the right side of equation (4) are
assembled by logarithmic amplifiers L1, L2, multiplier M, and oper-
ational amplifiers A2 and Al. Comparator Cl compares this with the
left side of equation (4). This represents the Allard's Law com-
putation. The Koshmieder computation is performed by comparator C2.
The NAND circuit, N, fires after both equations have been solved,
and stops the ramp generator through timer Tl and solid state switch
S1, thus automatically making R correspond to the larger of the two
RVR values. Timer T2, through its solid state switch S2, connects
the R voltage to a sample-and-hold (S8-H) circuit which in turn dis-
plays the RVR on a digital voltmeter (DVM). Timer T3 is started
after the S-H circuit has acquired the new RVR value, and through S3
resets the ramp generator to a low value of range voltage. The entire
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Block Diagram of the Analog RVR Computer Developed at
TSC. The input, Is Fed From a Transmissometer in

the Field, and the @VR Output Is Displayed
on the Digital Voltmeter (DVM) .

Figure 1-1.
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cycle then repeats to find a new value of R, The timing sequence is
shown diagrammatically in Figure J-2, and takes about one second for

the complete sequence.

1.3 CONSTRUCTION OF ANALOG COMPUTER

The schematic diagram is shown in Figure 1-3, and a photograph
of the unit in Figure 1-4, It is built on three plug-in circuit cards
modules for ease in replacement. The bottom card carries the loga-
rithmic amplifiers and multiplier. The middle deck contains the
operational amplifiers which make up the various comparators, adders,
and gain amplifiers. It also contains the timing circuits and their
associated solid state switches. The upper card contains the po-
tentiometers and adders for compsoing the left side of equation (4).
Airports use three different runway edge-light intensity settings;
10,000, 2,000, and 400 candelas. Switches on this card allow the
operator to select the appropriate light setting, as well as a day
or night value for E¢. In an actual installation, this switch would
interface with the tower lighting controls so that the light setting
would automatically be transferred to the computer. The day/night
switch would also be automated by a simple photocell and amplifier

looking out the tower window.

The three cards are hand wired, but with printed circuit tech-
niques it would be entirely possible to assemble the whole analog
computer on one 5" x7'" card. Because we only wanted to demonstrate
feasibility, the Koshmieder equation solver, C2 and N, are not in-
cluded in the package. This could be included and should present
no problem as it uses quite straightforward circuitry.

1.4 PERFORMANCE

The range voltage R is scaled to 500 feet/volt. Since the
operational amplifiers saturate at 10 volts, the maximum RVR com-
putable is 5000 feet. The 50% voltage divider between the S-H cir-
cuit and DVM make the display read RVR directly in hundreds of feet.
The lower limit in the present FAA transmissometer is a RVR of 600
feet. The chief limiting factor on the lower end of the RVR scale
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Figure 1-2.
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Figure 1-4. Photograph of Analog RVR Computer. Lower Card Holds the
Log Amps and Multiplier, the Middle Card the Op Amps',
Timing Circuits and Solid State Switches, and the Upper
Card, the Op Amp and Pots for Setting the Parameters

Et and IO.
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in the analog computer is the logarithmic amplifier, L1, which com-
puter log ty. This particular amplifier, according to its manu-
facturer, has an accuracy of 0.2% over four decades of input signal
and a 1.0% accuracy over six decades. Four decades (_tb = 10"4) would
correspond to a RVR of 233 feet, and six decades (tp = 10:?) corres-
ponds to a RVR of 167 feet (daylight conditions and runway light
settings of 10,000 candelas). Therefore, it can be seen that the
analog computer can easily meet a requirement of 600 foot minimum

RVR computation.

The input signal from the field sensor to the computer is a
10 volt full scale signal, i.e., 10 volts corresponds to a baseline

transmittance of 100%.

One can regard the visibility computation device as a six-fold
curve generator, with the input variable being atmospheric trans-
mittance over a fixed baseline (tp), and the output being the RVR
in feet; six-fold because there are two illuminance threshold para-
meters in combination with three runway light intensity parameters.
Figure 1-5 shows that typical analog computer output error as a func-
tion of the RVR., The exact RVR was taken from a digital computer
calculation of RVR, accurate to +0.5 feet. The overall result is
that the analog computer is accurate to +2.0% from 500 to 5000 feet
(daylight conditions and 10,000 caldela runway light setting).

1.5 CONCLUSIONS

The device should be quite reliable, since it is all solid
state with no moving parts. The temperature stability should be
quite good, although this was not tested in the laboratory. The
gain and reference current drift for the logarithmic amplifiers
are +0.05%/°C and 0.1%/°C respectively.

A limitation of this analog computer in its present configuration
is that it does not provide RVR values in incremental steps as
required by the FAA and ICAO. The FAA transmissometer reports in
increments of 200 feet between 600 and 3000 feet and increments of
500 feet between 3000 and 6000 feet.
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' Computer as Function of RVR Visibility
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