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PREFACE

V ~- -~~ / Vt ~~ / , ~~. —/
This report briefly describes the evolution of the FAA/NBS - \

RVR transmissometer system into a breadboard Airport Visibility

Measur ing System (ARVIS) which has been laboratory tested and which

will undergo field tests at the National Aviation Facilities Ex-

per imental Center (NAFEC) in Atlantic City, NJ during 1975.

Appendix I of this report documents in detail the development

of a Signal Data Converter Unit (SDCIJ) as a replacement for the

SDCU used in the FAA/NBS RVR system.

Append ix II describes an analog computer for calculating RVR .

Appendix II was prepared by Joseph Hom er , TSC.
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1, INTRODUCTION

The Transpor ta t ion Systems Center (TSC) of the Department of
Transpor ta t ion  is engaged in a continuing program for the Federal
Aviation Administration titled “Airport Visibility Measuring

Systems ” .

• This report , in compliance w ith the Projec t Plan Agreement
(PPA) FAA - 5l5, summarizes the results and recommenda tions on one
of the tasks under the program . The specific task reads as
fol lows :

“Based on the expectation that newer systems will evolve for

the measureme nt 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

w ill increase , the inadequacy of present day signal data converter
equipment is apparent . To this end a se t of performance character-
istics for an airport visibility SiGNAL DATA CONVERTER UNIT (SDCU)

shal l  be developed . The display of the observables shall govern

the establishment of SDCU characteristics to the extent that suf-

ficient visibility informa tion shall be ava i lable for presentation
of opera ting minima associa ted w ith landing ca tegories through
CAT I I I . ”

TSC has developed and laboratory tested a SDCU (Reference 1)

under cont rac t*  to the C .S . Draper Labora tory  (see Appendix I ) .  I t
has prepared also a specification to facilitate the procurement of

an engineer ing 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 transinissometer.

. *DOT/TSC 460
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2. AN EVOLUTION FROM THE PRESENT FAA RVR SYSTEM TO AN
AIRPORT VISIBILITY MEASUR ING SYSTEM

An earl ier report (Reference 2) summarizes the TSC study which

resul ted in the d e f i n i t i o n  of charac te r i s t i c s  for  an SDCU for use
in a i rpor t  v i s i b i l i t y  measur ing systems. The study objec t ive  was
stated as follows :

“Characteristics will be defined for a signal data converter

-

• 

for computing visibility values from inputs from several trans-
missome ters with reference to several kind s of target lights (e.g.

centerl ine lights , approach l igh ts , edge lights , taxiing lights).”

Economical and opera tional considerat ions le ’ the TSC work to
an evolutionary process from the present FAA RVR s,ctea 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

moderniza tion of present  t ransmissometers  (pro jec tor  power supply
and receiver) by using solid state circuitry and components. The

second step (MOD II) w ill consis t of , in addition to MOD I , the
• subs titution 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 th i rd  m o d i f i c a t i o n  (MOD I I I )  implies  a sys tem approach to
the airport visibility measurements and reporting . By considering

the airpor t as the sys tem , all visibili ty measuring sensors in the

airpor t, all l igh t sys tems used as v isual cues , and sky background
luminance sensor are integrated in a true ARVIS. The ARVIS is a

sof tware or iented sys tem in which performance charac teristics
(frequency of RVR updating, different processing of visibility data ,
modif ication 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 II SDCU to a Central Processor and Control Unit (CPCU), the

replacemen t of the MOD I (or MOD I I )  receiver for one wi th  the

2-1
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capabili ty 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 \1) 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

L settings in accordance with the visibility conditions , and automa-

V 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 .
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3. PRESENT FAA SYSTEM FOR RVR MEASUREMENTS

a 
3.1 INTRODUCTION

The present procedure used by the FAA to determine visibility
at airports depends heavily on the transinissometer as an instrument

to complement and , at t imes , replace human observers. The evolu-
tion to a comprehensive airport visibility measuring system (ARVIS),

as discussed here in , wi l l  l ikewise center on the t ransmissometer

-

‘ as the basic sensor for gathering atmospheric transmittance.

• 1 In this section a brief description is given of the ent i re
FAA/NBS RVR system now in use. The system includes the transmisso-

me ter , the RVR computer , the RVR remote digital displays and the
RVV strip recorder and indicator .

3.2 TRANSMISSOMETER

The t ransmissometer , f i r s t  developed by Doug las and Young at
the Na t iona l  Bureau of Standards in 1942 , measures the atmospheric

* transmittance over a fixed distance (usually 25 0 fee t )  with  a light
source and a photo-detec tor  at opposite ends of the sam pled path .
Firs t  accepted for  a i rpor t  operat ions in 1952 , the t ransmissometer
serves to measure RVR or RVV along more than 270 runways. Although

it has been mod ified by the addit ion of heaters , blowers , power

s t ab i l i z e r s, etc . ,  the basic design and onera ting pr inciples of the
instrument have not been changed since the first transinissometers

were ins ta l led . The “Pre l imina ry  Ins t ruc t ion  Book - Runway Visual
Range (RVR) System ” (Refer~ nce 3) prepared for  the FAA gives a
concise description of the transmissonieter. The manual describes

it as follows :

“The transmissometer measures atmospheric transmission by
projecting a well collimated beam of light down a base line in-

s ta l led near the IL S g l ide  slope t r ansmi t t e r  bu i ld ing  or adjacent
to the touchdown area of the ILS runway,  and de tec t ing  the inten-
sity of this li ght in a photoelec tric receiver loc ated at the
opposite end of the base l ine . The receiver t r ans la t e s  the

3-1
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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 H
capac itor , 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

• li ght 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 adjus ted to 4,000 pulses per minute for 100% transmission ,

[ 1  
i .e., a clear day free of smoke , dust or haze , in the baseline
pa th . Any such aerosol , including fog or ra in, in the baseline

- I path reduces this light intens ity and hence the puls ing rate by
- 

• 
absorb ing or scatter ing l ight from the beam . Ideally, no extra-
neous sources of light should be permitted to enter the opt ical
system of the receiver such that the pulsing rate would be zero

in the absence of a beam from the transmitter . In any actual

s ituation a background level of illumination exis ts necessi tating
subtrac ting the pulse rate measured with the transmitter source off B

and the pulse rate measured with the transmitter source on. Th is
uackground correction must be performed from time to time to take
into account chang ing sun position , sky brightness or weather con-
ditions which result in spuriou s 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 milliainmeter indicat ion , or initiating
a background check sequence by pressing a button on the si gnal
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 .”

3-2



3.3 RVR COMPUTER

The same manual con tinues: “The signal data converter computer

con ta ins the necessary t ime 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
enter ing the comp lemen t of the back ground count into the t rans-
mission counter prior to the 45 second period over which the
transmissometer outpu t is counted . Transmissometer output is

coun ted for  a 45 second period and then transferred into a static
storage reg ister. Three second s later , the transmission counter
is cleared , the back ground comp lemen t en tered , and the process
repeated . The value of transinissivity 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 initiated
whenever a different RVR table is selected in response to a change
in runway l~.ght 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 dat a 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 app ly in g clock pulses to the input of the trans-
missiv ity storage reg ister causing it to coun t upward from the
value of transmissivity previously stored. The number of pulses
supplied to the transmissivity register is precisely equal to the

• capac ity of the reg is ter , 2048 pulses. Thu s , at the end of such
a counting-compute cycle , the value stored in the transmissivity

reg ister is exactly the coun t which was ori ginally stored in this
register. The output of the t r ansmiss iv i ty  reg ister is t ransla ted
into a hexadec imal code and applied to the selected RVR table , an

.5- 3
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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 enter ing the f ive  b i t  counter is equal to the
number of RVR values which are passed between the time the trans-

m issivity register overflows, and hence read s 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 li ght 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 tran s-
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 

N

aircraft. The RVR display at Logan International Airport , Bos ton ,
• e.g. , has the capacity to monitor two runways at a time (one trans-

m issome ter each) , as selec ted by runway selec tor swi tches.
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Readings range from 1000 to 6000 feet * and are updated
approx imately once a minute . RVR is g iven 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 position s “1” or
“2” , an “L” appears in the third digit position of the display ,
indicating that the RVR computer is inoperative because it is
no t required .

The si gnals 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 re~.ay contacts are
appropriatel y 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
second s to display the new value . Simultaneous with the strob ing
of the indicators , the nine bit modified indicator code is trans-

• mitted in serial bina ry to the receiver decoder along with a
parity bit for erro r detection . If a parity error is detected or
the line is interrupted , the receiver decoder automat ically forces
the disp lay to read “ 

— 
E.”

3.5 RVV STRIP CHART RE CORDER AND INDI CATOR

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 tran smissometer. For 250-
foot baseline the lower RVR is 500 feet .
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whose magni tude is proportional to the pulse rate . A s t r ip -char t
recorder provides a cont inuous record of the indicator output
which is proportional to the instantaneous atmospheric transmittance .
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4. PROPOSED VISIBILITY MEASUR ING SYSTEM

4.1 SYSTEM APPROACH

The prese nt FAA/NBS RVR ins t rumenta t ion  has well served its
f unct ion of gather ing v i s i b i l i t y  data , computi ng 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-
seminat ion wi l l  require new app roaches to the en t i re  airport  vis-
ib i l i ty  me asuring techniques .  One of the approaches foreseen is
the evol u t ion  of the present RVR instrumentat ion into a comprehen-
sive system , increasing i t s  accuracy , adding flexibility using a

softwar e appr oach , and genera l ly  improving the qual i ty  of the dis-
ii seminated information as well as its output ra te .  The cr i ter ia  to

have a sof twa re oriented system precluded the consideration of
analog compu ters as the da ta processing hardware.  Never theless ,
for  some simple ins trumen t ins tal lat ions , analog computers to cal-

culate RVR should be considered (see Appendix II). The ultimate

goal is to monito r and measure the v i s ib i l i t y  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

sa t isf y this goal.

I n the interest  of c o n t i n u i t y ,  to ensure that  changes in the
ex i s t ing  v i s ib i l i t y  ins t rumenta t ion  wi l l  not compromise airport

• 
I 

s a fe ty  or e f f ic iency  and to introduce changes as required , it is
proposed that  these be made as a ser ies of successive modif i cations
of the prese nt FAA/NB S RVR system as suggested in Section 2.

The removal of un i t s  from the FAA/NBS t ransmissometers  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 th ird mod if ica tion (see Fi gure 2- 1), MOD I I I , a true

• ARVIS , w ill be the extension of the transmissometer network to

three transm issometers per runway (a t touchdown , midpoint and roll-

out , and als o othe r v isib il ity sensors as requ ired , for example , in
the approach zone at tho se a irpor ts where shoreline geography
crea tes rap idly chang ing cond itions .) The number of transmissome ters
and other sensors descr ibed in MOD I I I  impl ies the capab i l ity of the
ARVIS , bu t no t necessar ily the ac tual deploymen t of the sensors.

The ARVIS will be configured in accordance with the specific airport

needs.  In the MOD I I I , 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 corn-

patible with new visibility sensors. Also , it should be capable of

dr iv ing new v is ib ilit y remote dig ital d i sp l ays , sa t i s fy ing  sys tem
con trol func t ions , and data logging .

These requ irements lead to the expansion of the SDCU by add i-

tional un its to the Cen tral Processor and Con trol Uni t (CPCU).
Table 4-1 identifies the units to be removed , ins tal led , or rep laced
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.

F in a l l y ,  the last modification , MOD IV , of the ARVIS will take

into account all the various light targets used for visual cues ,

such as h igh in tensi ty runway l igh ts , taxiway lights , cen terline
runway ligh ts , approach runway lights , and other lighting systems.

I t is expec ted tha t the CPCU w i l l  be able to use th is informa tion
to calcula te and d isplay TVR and SVR. Also , there may be a need in
the fu ture to de ter m ine and d i sp lay  ce il ing info rma tion.

The operational definition of TVR is not yet certain. Thus

the method for determining TVR is not established. In the case of

SVR , there may be a need for rather specialized data analysis. It

is possible  tha t the CPCU w i ll have to be expanded in the four th
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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Figure 4-1. Block Diagram of the Experimental ARVIS Developed
at TSC (MOD I I I )
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m inicomputers with even more capacity, more f l ex ib il ity and lower
-

• pr ices. 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 func ti ons are shown for  the
overall visibility measuring system . One is a magnetic tape mes-

sage sys tem which w i ll send emergency or spec ial message un its 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 d isplay selected and the da ta l ink
chosen by the FAA to ha ndle the informa tion.

Due to the complex it ies of problem s to be solved in the MOD IV

which have not been defined yet (i.e,, TVR , SVR , da ta l ink) , 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 I I I )  has the capab i l i ty  of bei ng expanded
to take care of future operational requirements.

4.2 VISIBILITY INFORMATION

The present operational meaning of “visibility ” is s imply the
RVR; tha t is , how far  along a runway , from the point of touchdown ,

the runway lights can be seen . This distance , and perhaps a lso a
ceil ing indica tion , represents the only information which the pilot

receives about the visual environment into which he is descending .

This prov ides a minimal description of landing visibility which

rap idly  is becom ing inadequa te to mee t opera tional needs.  A number
of improvements have been suggested to complement the present RVR

information of describing airport visibility and to enhance the

sign ificance 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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pa tchy 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 qu’”~tion of

desirable up-date intervals. Whereas at present this interval is

53 seconds , the comb ina t ion of larger planes and lower land ing
minima (Category II and III) seems to generate a need for faster

updating of information . A more effective interval is about 10-12

seconds (see Reference 4 ) .

In add it ion to RVR , SVR is des irable since it is a measure of
how well the pilot can see the approach lights along the glide
pa th . The SVR may well be less than the RVR in cases of inhomo-

geneous vis ib ili ty cond it ion s ( for  exam p le , low ceiling) . Since

the SVR is the relevant information with regard to pilot orienta-

ti on dur ing approach , it should be included in any scheme for the

mod ification of the visibility measuring system . The FAA is
presently supporting the development of concepts and systems to

m easu re the SVR .

TVR would prov ide ano ther p iece of da ta for the p ilot and
controller to use in forming a comp le te p ic ture of airpor t
visibility. As of this  wr it ing ,  no opera t ional de f in i t ion exis ts
for  th is param eter .

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 visibilit y of sequenced flashing lights and

cen terl ine runway l igh ts.

4.3 VISIBILITY AND BACKGROUND INFORMATION AS CONTROl- PARAMETERS
FOR INTENSITY SETTING OF RUNWAY LIGHTS

A t presen t , the high in tens i ty  runway l igh ts  are se t by steps
(us u a l l y  three)  by the cont ro l ler  and in accordance with  the
vis ibility and background cond itions at the airport. The setting

chosen by the con t ro l le r  can be changed on spec i f ic  request of the
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pilot approarching for landing . The pilot communicates via voice
with the controller 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 su ggest
the use of th e v i s i b i l i t y  and background informat ion as controll ing
parameters of a servo system which will control the intensity of

the l ights  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-

per ienced by the pilot warrant such an intervention .
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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 I) 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)  t ransmissometer  development by TSC , the or ig inal 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 p ro j ec tor , the enclosures for the
receiver amplifier and the power supply were retained . A new solid

state receiver (l0-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 lO-R-25 0 receiver is compatible wi th  the exis t ing RVR corn -
• puter. An additional design feature of the lO-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 r esponse of the eye of an ob-

server by rejecting a high background level in the near infrared .

It should be indicated that the lO-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 l0-R- 500 and l0-R-75.

The original projector power supply (A300-l) has been replaced
I - with a solid state programmable d.c. power supply and control (12-P)

capable of provid ing stablized d.c. power to the projector lamp

under wide excursions of line input voltage and frequency (105-

132 V and 47 to 44 0 Hz) to fac i l itate opera tion under emergency
power cond itions . In add it ion , 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 iden t i f ica tion of f a i lure modes in the projec tor system
(power supply and/or lamp filament). The failure mode identifica-

-L tion is basic to the MOD III system but is not active in the MOD I

or II  sys tems .

5.2 75-FOOT BASELINE TRANSMISSOMETER , MODIFICATION I I I

The 75-foo t baseline transmissometer in the ARVIS MOD III

system is reached by replac ing 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

wi th the CPCU described in Section 5.3.



The receiver uses solid state components , has an internal

op t ical cal ibra tion sys tem , 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

per iodically and provide optical detection and electronics check

by sequenc ing throug h several modes: atmospheric transm ittance ,
atmospher ic background , cal ibra tion of the de tector and assoc iated
electronics and transmissometer background . This is achievable by

mod if ying 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 percen t , and 10 percent equivalen t

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

hea ters , hea ters for the optics , the recei ver 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 circui ts are connec ted , via the slave control No. 32 - S , to the
CPCU . These circuits will indicate failure of the power supply

and/ or lamp f i lamen t .

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-

m its 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/ O
interface and a teletype .

In the MOD III the same minicomputer and teletype of MOD II

is used , but a new I/O interface (No. 35-I) is introduced . These

three components integrate the MOD III SDCU and which is part of

the CPCIJ.

The CPCU (Figure 5-2) is comprised of Master Control , Pho to-
metric Display , Data Recorders and Signal Data Converter . The
operation of the CPCU is governed by mode selection switches on

the Master Con trol .  In the automatic mode an operational sequence

is followed and the actual particular mode of operation is veri-
fied by the slave control.

In the automa tic mode , atmospheric transmittance measurements
are made over a 5 minute period followed by a 50 second atmospheric

• background measuremen t 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 lat ter  sequence is performed
during the last minute and 40 second s 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 interrup ted at any t ime to in iti a te a specif ic opera tional
mode by depressing the appropriate Master Control Button . Once a

manual mode selec tion 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

-- 
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Figure 5-2. Pho togr aph of th e Central Processor  and Con trol
Unit (CPCU) of the TSC Airport V isibil it System
(ARVI  S)
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malfunction occur in the monitored circuits of the transmissometer ,

transmissometer receiver , p ro jec tor lamp or projec tor 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 opera tor depresses the “fai lure
acknowledge” button ; however , the specific failure indicator will
remain lighted until corrective field maintenance is implemented.
The sys tem could con tinue to opera te bu t wi th the poss ib ili ty of
system performance degradation or damage .

The Pho tometr ic  D isplay con tains 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 d isplayed in the f i r st column as RVR
values at touchdown , midpoint and rollout . The third columnar

d isplay indica tes the ins trumen ted background luminance level on
the runway (“ automatic ” switc h setting) or alternatively ,  a value
set in manually by the operator (i.e., br igh t , day , tw i l i g h t  or
n igh t swi tch se tt ing) . The four th columnar d isplay con ta ins a LED
readou t indica ti ng the spec if ic  runway mon itored . A se t 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 , appropr iate HIRL settings are fed automatically to

the SDCU for RVR computation .

In the Data Recorders sec tion of the CPCU there is a str ip
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 he transmisso-

me ters on the runway , selectable by means of its associated switch.

Of grea ter s ignif icance , however , is the incorpora tion 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 mon th , day , hour , minu te , and second ; b) runway l igh t

status , i.e., approach lights , sequenced flashing lights , background
lum inance inpu t mode , background luminance; c) RVR for each of the
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transm issome ters; d) atmospher ic transmi ttance for  each of the
three transmissometers; and e) failure mode status for all three
t ransmissometers .

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 his tor ical  evidence of total system
cond itions at all times to facilitate critical reviews of operation-

al in tegr ity,  espec ially in accident investigation .

The Power Supply Accomplishes power con trol , 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 Labora tory , Inc. (Cambridge , Massachuse tts) to sa tisf y the
MOD II configuration with the capability for expansion to a MOD III.

The detailed description of the SDCU is given in Appendix I.

-8

b- A 

_ _  

- 

_ _ _ _ _ _ _ _ _ _ _ _ _ _
___ _ _ _ _ _  

- 
~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~



REFERENCES

1. Madden , P., M. Desai, and G. Mamom , “Study , Des ign and
Implementation of a Signal Data Converter and Signal Simulator

fo r a V i s i b i l i t y  Measur ing Sys tem ,” Final Repor t , R-806 , July
1973 , The Charles Sta rk Draper Labora tory,  Inc., Ca mbr idge
MA 02139. (Reference appears as Appendix I in the report)

2. Ingrao , H.C. and J.R. Lifsitz , “Charac ter istics of a Signal
Data Converter for a Multi-Runway Visibility Measuring System ,”
Report No. DOT-TSC-FAA-72-l , October 1971.

3. “Prelim inary Instruction Book - Runway Visual Range (RVR)

Sys tem,” Vol. I , July 1967 , Prepared for the FAA con trac t
FA6WA-l827 by Sol id Rad iation I n c . ,  Los Angeles CA.

4. Ingrao , H.C. and J.R. Lifsitz , “Proposed Control Tower and

Cockp it Visibility Readouts Based on an Airport-Aircraft

Information Flow System ,” Report NO. DOT-TSC-FAA-7l-l8 , July
1971.

R-l

r - - - ~~~~~~~~~~~~ - _ - --

-A



-. --- -- --- ~~~~~~~~~~~~
- —_-

APPENDIX I

STUDY 1 DESIGN AND IMPLEMENTAT ION OF A SIGNAL
DATA CONVERTER AND SIGNAL SIMULATOR FOR ,.A V I S I B I L I T Y  MEASUR I NG SYSTE M

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-

tam ed herein. It 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 .

- The planned evolution~
1 ’2~ of a comprehensive integrated airport runway

visibility measuring system envisages a multi-sensor system requiring a

greatly expanded data acquisition , computation , logging, and display
- 

~I 
capability compared to the current FAA system.

1 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. Programmab].e 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

I main reason for this cost advantage. Mini- and microcomputer (or
- microprocessor) technology is currently extremely dynamic , primarily

I because of advances in semiconductor component manufacturing technology .

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

I— 1
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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

(SDCLJ ) 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 subsiodules
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

1—2
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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

conf iguration 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.

1—3
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2. DETERM INATION 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 4n 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 ;

C = (tb)
V/b, (Koschmieder ’s Law) (1)

or

E = . (t )V/b, (Allard ’s Law ) ( 2 )  A

t (V/5280)2 b

where ‘

V = RVR , in feet.

b = baselength of transmissometer , in feet.

1-4
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tb = atmospheric transmittance over baselength b (0 < tb < 1).

C = visual-contrast threshold .

Et = visual-illuminance threshold of pilot, in mile-candles .

A I = intensity of runway lights , in candles .

Equation (1) represents Koschmieder ’s law , and is based on using

contrast between an uni.ighted object and its background as a criterion

for its visibility . 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
illuxninance 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 (BLEW and is given by

log E
t 

= 1.3733 + 0.64 log B (3)

where

B = background luminance , in candles/ft2.

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 daytime fogs. This is reflected in the

value of RVR obtained using either of the laws of Eq. (1) and Eq. (2).

Thus, for RVR reporting , the higher of the two computed values is

chosen.

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

following computationally convenient forms :

V b log C (Koschmieder ’s Law) (4)lo~~t~

and

f(V , tbl I , Et, b) = 0 (Allard ’s Law) (5)

where

f(V, tb~ 
I, Et, b) = log Et 

- log I - log 5280 + log V - log tb

RVR for a given tbs over a baselength b , B, and I can be obtained by
choosing the higher RVR solution of Eq. (4) and Eq. (5). Koschmieder

RVR can be evaluated explicitly in terms of b , c , and tb 
using Eq. (4).
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On the other hand, the evaluation of A llard ’s RVR involves solving
Eq. (5) which is a nonlinear implicit functional relation between V

and data inputs b, tb~ 
E
t~ 

and I. A number of iterative schemes, of

varying degrees of complexity are available in the literature to solve

nonlinear equations of the type f = 0. The following subsection con-

siders some of these algorithms in the context of Eq. (5). In Subsec-

tion 2.3, we shall primarily restrict our consideration to findihg

eff ic ient  algorithms for computing the solution of Eq. (5).

2.3 ITERATIVE ALGORITHJ4S FOR ALLARD’S LAW

2. 3. 1 Iterative Algorithms

Figure 2-1 shows plots of f(V) for four different values of t1,
and a given set of values for b, Et, and I . The f i r s t  and the second
derivatives of f(V) are:

f’ (V) = — log tb~ 
(6)

f”(V) = — -4. (7)

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

V
~+i 

= V~ 
— c~~

f ( V
~

) (8)

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

With such algorithms , it may be easily ascertained tha t convergence to
the zero is assured for any initial guess of V, as long as both
and 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 V = 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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t b = 5 .11X 10 ~

,t b .0108

8 —

6 —

t b 0.5295

4 —

1(V)

2 —

Runway visual range V. ft

( T ~~~
T ÷l II

~~~~~~~~~~~~~~~~~~~~~~~~~

= 2 mile candles
= 10,000 candles

b = 60 (1

I I I
1000 2000 3000 4000 5000 6000

Figure 2—1. Plot of f(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.
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Three single-point iterative algorithms considered here for the
— 

solution of Eq. (5) are:*

V~~ 1 = V~ 
— f(V

~
)/f’(V

~
) (9)

Newton-Raphson Method

V
~+i 

= V~ 
— u(V

~
)/u’(V

~
) (10)

u(V
~
) = f(V

~
)/f’(V1),

Modified Newton-Raphson Method,

and

1V~41 + V1 
— u(V~) 1/2 u(V.)f”(V.) (11)

1 —  1 1

f’ (V.)
1.

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 ’ (V1), f ” (V
~
), u(V.), and u ’(V

~
)

in Eq. (9) to (11), we get:

V
~+1 

= V1 
— c~1

f ( V
~

) , (12)

V
~ct j  = 

~~~~~~~ ~~~~.

~
l _

~~~~ lo~~t~

where

= 1 for N-R method, (13)

B. 1 for modified N-R (14)
1 1+  V 2 method ,

(l_ ~~~~ log t~)

*Further details on the der ivation and the performance of these
algorithms are given in Appendix A.
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B. = 
1 for Halley ’s method. (15)

4 1 l + l/ 2~~ V.

~l~~~~~~ log t~)

The multiplying factor B for modified N-R and Halley ’s methods takes
into account the curvature of the function.

For assured convergence , both and V. should be greater than

zero; Further restrictions on the magnitude of B~ and V~ 
need to be

imposed as shown below to meet the above requirements .

V1 
> 0 for N-R method (16)

1 for modified N-R method ( 17)
I

> 0 ,
for Halley ’s method (18)

B1
> y > 0

The limit y is to be suitably chosen in Eq. (17) and Eq. (18). A further

restriction on the maximum value of V
~ 
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
eff iciency , 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 ,

nume~ical 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 Eq. (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.
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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 , tbl 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 AViI <l0~~~. 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

me thod 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 wcluld primarily

depend upon the level of accuracy specified . For example ,

for the high accuracy of the order of lO~~ used for study ,

the number of iterations needed to reach this high accuracy

are roughly the same for all methods. However , f or 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 Eq. (12) to (18) is described in

the following. The algorithm computes RVR based on Et, ~~ and tb~
The algorithm consists of the following steps;

(1) For data inputs Et, ~ and tb l calculate log Et, log I,

log tb l  and 
~k where 

~k = l/2(log Et 
- log I) - log 5280.

(2) Consider an initial guess V
0 

for RVR which may be based

upon the previous or old RVR calculated, or may be a f ixed

quantity.

(3 )  Calculate

V. los t
~
v = log V1 - 2b 

b

and

f(V
~
) = +

(4) Calculate

V.f(V.)
= B

~ 
1

1 - log tb

with

= 1 for N-R method ,

B-1 1 for modified N-R method,

— _ _—

for Halley ’s method ,

where

f(V
~
)

X = V. 2
(l_ ~~~~ log t.~)

and y is a given positive number.
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(5) Calculate

V~~1 
= V

1 
- Mi1,

subject to the restrictions ,

V .  < V .  < V  H
m m —  i+ 1— max

where V~~ and V are given.

(6) Check if a given exit* cri terion is satisfied . If not, go

to Step (3).

(7) The RVR so calculated is A llard ’s RVR, say VA. Calculate

VK~ 
Koschmieder RVR from

= 
b l og~~K lOt tb

and where

= 0.05.

For RVR reporting , choose the higher 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 tb•

Consider a change in data inputs to Et + dEt ,  I + dl , and tb + dtb.

Corresponding change dV , in the value of RVR, is given by

f(V + dv , Et + dEt, I + dl, tb + dtb) 
- f(V, Et~ 

I, tb) = 0

:r . 1
Since exact RVR is not known, the exit criterion may be based on how
close to zero either f ( V

~
) or 

~~~ 
is satisfied .
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~ log (l + ) - .
~~ ~c~~(1. + 

~~~~~~~

)+ log(1 +

— ~~~ log (l + - ~~~ iog(t~, + dt
b) = 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, ~~~‘

and tb 
are small. Thus , we get:

~~~~~~~~~~~~~~~~~~~~~~~~dv 
= 

b (19)
f ’ ( V )

where

f ’  ( V )  = — log tb

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

may be made with respect to Eq. (19)

( 1) The percentage error in RVR is inversely proportional
.1 to f’ (V), the slope of f(V) at its zero. It may be seen
H 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),

dV d(log tb)— 

log tb 
(20)

2.4.2 Koschmieder ’s Law

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

between dV and tb~

1— 15
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dV — - 

d(log tb)
V 

— 
log tb 

(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
values Et~ I , and tb . Thus , for Allard ’s law we get:

— 
~~~~~ [d(log I) - d(log Et)J + d(log tb)

V 
— 

f’(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 - numbers becomes
necessary to avoid the overflow or loss of significance lii ely 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 sat isfy 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 Et, 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.
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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 Eq. (5) by 2 S we have:

2Sf(V) = ~~ - 2~ log Et 
— 2~ log I — 2

S log 5280

+ 2~ log V - . 2~ log tb (22)

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 Eti I~ t}~~l 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 ~~~~~~~ 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 2 S

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

represent the correct RVR ~or a set of input data Et, I , and tb~ The
change in the value of f(V) due to the error in the logarithm of this
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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25df = i~(2~ log Et) — 
~~ (2~ log I) 

— j~~ (2~ log tb), (23)

where ~ represents the truncation error.

If 25df > 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 f i rst order in dv from the relation :

dV
(b 

— log t
b) 

= _2Sdf ±1. (24)

The right-hand side of Eq. (24) represents the change in f(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:

= 
1 + -.

~~~~~ (2 ~ log tb) + ~~ (2~ log Et) — 
I (2

S log I) (25)
dV 

2~ 2~- 
~~ log tb

Now , the magnitudes of 2~ log tb~ 2
S log Et~ 

and 2~ log I are all less
than 1. Thus, for V > 2b,

v — 
‘S” ] 

26d - 2bf’(V) 2~

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 tb~

v. *
dV = log tb 

(27)

Table 2-2 gives, for four dif fe rent 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

1— 18
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values seem to be roughly of the same order (bearing in mind that
Eq. (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 2~ • 600, assuming

that scaling is employed for calculations. Such high values may be

obtained during an iteration at low values of tb coup led 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 require 2s600 < 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 16-bit word-

length , s should be less than 6. It may be seen from Table 2-2 that the

accuracy in RVR associated with 5 = 32 is poor at high values of tb.
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 tb and high RVR

f ( V )  V log tb/2b =

and

f’(V) log tb/2b =

thus , for a Newton-Raphsofl method

AV

~ 

— V . ,  and V~~ 1 0.

(2) Convergence to a correct value of RVR is assured using an
iteration scheme of the type:

= Vi 
— c~ sign(f(V~))~ £~~ > 0.

(3) To prevent overflow, we require :

25f ( V )  < 2N—l S < N — 5.

This in turn implies:

~2~V log tb/2b < 2N—l - 2S (fk + log V).

From Table 2-3:

2S(fk 
+ log V) < c 0.43 < ~~~~

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

require

~2
SV log tb

to be less than K , where

K 2N 1  — 2s—1

2.5.3 Modification to RVR Algorithm

The above discussion suggests the following modif ications to the

RVR algorithm for Allard ’s law described in Subsection 2.3:

( 1) Set - V •  251og tb/2b = K , if —V 25log tb/2b > K , with

K = 2N—l _ 2 s—l

and

5 < N - 5.
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(2 )  Set B = i if B < y , y > 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  Wordleng th 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 minicomputersW

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

ket have a 16-bit wordlength.
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tb = .91
12 — I

V = 5400 ft

10 —

8 —

Error in V,
6 -

: 

~~~~ 1 1 2  13 14 15 16 17 18

NO. OF BITS IN WORD -,

Figure 2-2. Truncation error in RVR due to limited wordlength
in fixed-point arithmetic calculations of RVR
using Allard ’s law for four d i ffe rent values of
atmospheric transmittances t~ (and associated
correct RVR) with Et = 2 mil~-candles , I =

10,000 candles , and baselength b = 60 feet.
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• 1281T,
Et = 2 mile - candles (nighttime) / (~ t~=l .56%)

10 
~ ~ 10,OOO candles I
b=6 O ft. / V=5400ft

I 14 BErS.
8 / /

Error in V, I
V=flOOft I

I I
6 -  I

1 I

V=ltOft

I I
2 -  I I

V=200 ft I I 16 BITS,
I (

~~
tb = 0.39%)

I I
0

20 40 60 80 100

Atmospheric transmittance, tb’ ~

Figure 2—3. Plot of ~V(%) vs tb (%) for nighttime conditionsshowing the dependence 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 Koschniieder ’s laws using fixed-
point limited-wordlength calculations. It was showfl 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

is of the order of 2~~
s, where N = number of bits in the signed binary

I-.25 }
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8 — V=2300ft
b— 60ft.

F I

V=lOO tt I
6 - i I 14BITS

Errorin V , I I (~ tb O.7B%)
I I
I I

I I
I I

I I
2 

V=200 ft 

40 60 80 100 

16 BITS

Atmospheric transmittance, tb, ~

Figure 2-4. Plot of ~V(%) Vs tb (%) for daytime conditionsshowing the dependence 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.
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3. VISIBILITY SYSTEM SOFTWARE

I
3.1 INTRODUCTION 4

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
I I  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/O 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
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to update basic visibility parameters through a teletype input mode.

Commands to interrogate the current time and date are included .

VISIB Ii SYSTEM PACKAGE

LKSERV T~~E KEEPING

EXECUT

] 

EXECUTIVE

ARITH fi ARITHMETIC

I/O
IOPKG 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. Included 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.
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IOPKG is a software module to handle interface I/O communication .
Appendix D contains a description of TTYPKG developed to permit I/O 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 moduler serving
the following futictions :

(1) Data input from visibility system sensors.

(2) Calculations to evaluate runway visual range (RVR), slant

visual range (SVR) , 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
specif ic 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 br ie f ly ,  since these systems
and associated calculations are currently in various stages of investi-
gation and development and consequently not well defined . In 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 trarunissometer data to visibility infor-

mation is well documented and based upon the sof tware descr ibed 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
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Figure 3-4) handles transmissometer pulse-rate data input. The atmos-
pheric transmittance ~s 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

INPUT

CALC

OUTPUT

CONTROL

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.
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(I INPUT INPUT ROUTINE

1.

TRIN TRANSMISSOMETER INPUTS

[ RINTIN RUNWAY LIGHT INTENSITY

BGIL IN BACKGROUND LUMINANCE

RSELSW RUNWAY SELECTOR SWITcH

SVRIN SVR INPUTS

1~
TVRIN TVR INPUTS

‘I!

CEILIN CEILOMETER INPUTS

Ir
• . - - 

~
ETURN 1D

Figure 3-3. Routine to input data.
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QTRIN D

FIRST TIME WINDOW?

FSTIME 0 SIGNAL TO TIME ROUTINE
INCREMENT LKSERV TO START TIME

CTRFLG WINDOW

CTRFLG— 0

INFLAG - ~ 
YES 

— STALL TILL WINDOW
ELAPSES

READ PULSE COUNT OF

/ 
ALL

SIGNAL TO INTERRUPT
INCREMENT SERVICE ROUTINE

CTRFLG LKSERV TO START
TIME WINDOW

~ETURN)~~~~

Figure 3-4. Transmissometer data input routine.
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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 sett~.ng 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-

old (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 Koschinieder ’s Law.
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START END START
COUNT COUNT COUNT

I 
TIME WINDOW

_ _ _ _ _ _  TW rfl
I 4~ ~-1

INPUT CALC OUTPUT CONTROL INPUT

~~~~~~ 
LOOP

r1
~~

J
I 

READ PULSE COUNT

CASE (a) t T <TW

STA RT END START
COUNT COUNT COUNT

I I I
I I N P U T  I CALC OUTPUT I CONTROL INPUT

I _ _ _ _ _ _ _ _ _ _ _ _ _

1
*

CASE (b) t1 <TW

START END START
COUNT COUNT COUNT

ii H
UNIT I I N P U T  I CALC

CASE (c I FIRST TIME WINDOW

Figure 3-5. Timing relationships for different software modules
with respect to the transmissometer pulse counting
during an update cycle.
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P.

(
~~~~I NT I N 

~9

f R!o
/ INT(i)
/ j = 1 .

/ NRWAY

(~~~ETURN 
)

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

BGIL IN

1~fl ~ EAD /
/ B(i) /
/ j = 1  I
/ NRW~~~~/

‘I,
[~i~~~E T i =  1.37 I

-i-O.64.2~ LOG B(i) I
j = 1  
NTRANS

• • - - _ .  . - - - 

~~ RETURN~~)

Figure 3-7. Sky_background-luminance input routine.
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( RSELS~~~)

I READ TRANSMISSOMETER SELECTOR . - 
-

/ RSELECT / SWITCH POSITIONS

( RET U RN~~)

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

C SVRIN ~~~)

1’/ READ INPUTS /
j FROM SV R I
/ INTERFAC E/

1~(JRETURN)

Figure 3-9. Routine to read inputs from SVR uzterface.
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(~~~VRIN9

1
/~~AD INPUTS /
I FROM TVR J

INTER~~~~
/

(JRETURN)~~~~

Figure 3-10. Routine to read TVR inputs.

CEILIN

~~~ INPUTS ]

/ FROM /
I CEILOMETERJ

/ INTERFAC~/

1
( RETUR~~~~)

Figure 3-11. Routine to read ceilometer inputs.
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~~‘1

( CALC 
-

RVRCAL FOR RVR

SVRCAL FOR SVR

1
TVRCAL FOR TVR

1~CILCAL FOR CEILING -

1~( RETURN

Figure 3-12. Airport visibility system parameters
calculation routine.
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1 = 1
J = 1

NTR - NTRWAY (I)
INT - INTSTY (I)

VS ( J ) ’ — V

SCALOG
251og(INT)

NTR = N T R - 1
J — J + 1

CAlL 112(2 5Iog( ET ( I) )  
-

- 2SI09(INT) - 25Iog 5280)

J -NTRANS YES 
RETURN

NB = NPUL(4 NO

NTR = o NO

SCALOG YES
25Io9(NB)

1 — 1 + 1

CAIB = 25Iog(NB)
- 25IogNBM (J)

Figure 3-13. Routine to compute RVR.
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(T~~~ R I~~ RI/2

DIAGN0~~O

YES •NO Rb - DUM/2 DIAGNO O

PRINT
v DIAGt1OST IC

HEADING P R I N T  ~~ Try DIAGNOSTIC PRINT

RI < R O  NO

INITIALIZ AT ION DELV

V V S  YES( ITRANS )
NO ITER-O NO RI > -no RI - ~o YES 

DELV <RO

R I - -RO YES
SCA LOG

IV~ 2s LOGV
INC

N O I T E R

- V I V  DUM’DUM+
R I  - 

2-BASE RI

~ -~~OITERN NO

R I  > L I M I T
RI- V- F V/bUM

P R I N T
YES MAX ITER

RI = LIMIT V - V-RI

RI
I,•2 LOG

~ 
KOSCHMIEOER

R V R

FV= IK ~~IV - R I  V >V MAX 
NO 2 LOGt~

DUM=2s ~R)

YES
NO COMPARE WITH

MOONR - ~ 
YES v - VMAX 

RI > A LLARO RVR

NO

n i -  V - R I

2 -FV I DU M V < - VMIN NO

YES

MODNR I YES 
V • VM IN

RETURN

MODNR • 0 N-R METHOD
- 1 MOD. N-R METHOD
‘ 2  HAL LEY S METHOD

Figure 3-14. Iteration routine to compute RVR.

1—40

4

a - ____  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —  _ _ _ _ _

- —~~ - ——~~~~ ~~~~~~~~~~~~~~~~~~ . ~~~~~~~~~~~~~~~~~~~~



— —-~~~-- - - - -

ITER evaluates RVR in fixed-point arithmetic with a scale factor
*of 2**SCALE. An algorithm based on Allard ’s Law requires an -terative

solution; the maximum number of iterations is ITEPMAX. If the solution

has not converged before the limiting number of iterations (AV i>Vj/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

I
CALCULATE

L
SVR
j

1~
RETURN )

Figure 3-15. Routine to compute SVR.

________________

C TVRCAL 9
CA LCULATE

TVR

____________

C 

RETURN)~~~~

Figure 3-16. Routine to compute TVR.

*Symbol ** stands for exponentiation.
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~~~~~~~~~~~~~~~~~~
C-’C

~~~~~~~~~~
C- 

~~~~~~~~~~~~~~~~~~~ 
-

(~~~~LCAL
9

I
CALCU LATE

CEILING

( RETURN 3
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 display s, 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 sof tware 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.

OUTITS 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
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COUTPUT D

~L1 AIR-TRAF FIC
CONTROLLER

OUTATC DISPLAY

H SYSTEM
DAT A

OUTREC RECORDING

1~
TRANSMISSION

OUTITS SYSTEM

• 

rI 

INFORMATION

~~~~RETURN~~)

Figure 3-18. Output routine.
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( OUTATC

~~ATC RVR ~~

1
ATCSVR

‘I,

H ATCTVR

.1~ - I

ATCCIL H
I

RETURN 3

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

• pulse count. The routine inhibits the count when the time window

has reached the specif ied 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
H 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 LXSERV .

The time and date are au tomatically upda ted 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. 
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SERVICES TIME
( STROBE ) INTERRUPT ROUTINE

__________ LKSERV

OUTATC

I

( ETURN 
=
‘
\

~ -
Ps.P~~~J

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

~~~~~ TCRV~j

I,
T R0 = ASSUMES ONLY ONE

VS(RSELECT) TRANS/RUNWAY HERE

.1
~/ OUTPUT R0

/ TO

/ DISPLAY

~~~~~ETURN _)

-j Figure 3-21. Routine to display RVR.
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CATCSVRD

I OUTPUT /
/ PROPER SVR /• I TO I

/ DISPLAY J
• 

I

~~~~ RETURN 
3

Figure 3-22. Routine to display SVR.
4

~~~~~~

TCTVj 

—

/ OUTPUT

/ PROPER
TVR TO

/ DISPLAY

C~
Figure 3-23. Routine to display TVR.

ATCCIL

OUTPUT
/ CEILING TO /

/ DISPLAYJ

( RETURN 3
Figure 3-24. Routine to display ceiling .
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OUT RECI)

Ir

/ OUTPUT
/ RECORD

/ LIST

(J 
RETURPT)

Figure 3-25. Routine for system data recording.

C OUTITS)
1~/ OUTPUT / FOR INFORMATION

/INFORMATION/ TRANSMISSION

/ LIST / SYSTEM

~~
7

1TUR~
3

Figure 3-26. Routine for information transmission system.

~~~~ONTROT9

RUNW AY LIGHT
RLTCTL CONTROL

~~~~ ALTCTL 
APPAQA LIGHT

~~~~~~ TURN
3

Figure 3-27. Light control routine.
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‘

~~~~~~~~~~~~~~~~~ APPROACH LIGHT
L CONTROL

YES SETTING O.K. CHECKED ACCORDING TO
GIVEN CRITERION

NO

OUTPUT
SETTING TO

LIGHT
CONTROL

RETURN

Figure 3-28. Approach light control routine.

RLT CTL

I-
YES 

SETTING O.K. CHECKED ACCORDING TO
GIVEN CRITERION

NO

OUTPUT
SETTING TO

LIGHT
CONTROL

RETURN

Figure 3—29. Runway light intensity control routine.
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SERVICES LIN E
CLOCK INTERRUPT

PUSH PS OF
TAR SEC INTER PROGR . &
INCR TSEC ADDR. OF WON-

YES DET ON STACK
CTRF LG-O

NO YES
TSEC < 60

TNCTR-TW NO

TS EC- O
INCR. TWIN INMODE • 0

ENABL E AN D
RESET PULSE

COUNTERS YES

TMI N<60 
YES R ETURN

CTRFLG ’- O
INFLAG -O NO

TMIN ~~ O
NCR. THR

DECREZ EMI
TWCTR

THR < 24 YES

RO • RSELECT

N 
NO

TWCTR - O

T H R — 0
INCH. TOAY READ

YE~, RSELECT
FROM

DISENABLE INTERFAC E
TR. PUL SE
COUNTERS YES

TDAY<MON

HO- YES
NO RSELECT

I N F L A G 1

T D A Y = 1  N
INCR. 0
TMON

PUSH PS OF
INTR. PROOR &

ADDR . STROBE
I r-I C ON STACK

TARSEC TMON<13 YES

TA RSEC=60 
YES 

TMON 1
7 INCH.

TY EAR
NO

RETURN RETURN
POP PC . PC POP PS. PC

Figure 3-30. Routine to keep time and service time-related
control functions.
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ITY INPUT 
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[~~~~

4
~ PU~J NO
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CARRIAGE/ ~~ . Y E~~~~~~~~~~~~~~~~ J~~~~L~Ø
Y RESTORE NO

REGS
NO BUFF ER . PS . PC 

NO /“1’~N NO
COMMA - 6 - 6

_ _ _  
7 7

RETURN TO YES YES
INTERRUPTED

PROGRA M
KIIINPUT KBINPUT
HR . MIN . DAY , MON .

____________ SEC Y E A R

- R E  YES 
~ V ISRET

NO HR 23 YES 6 MON > 12 YES 
6

• PA YES J VI SPAR

I 
YES NUMBER OF

NO 
~ IN -59 6 MON bET DAYS IN A

M ON T H

• VI YES 
~ VIT SST

NO - YES DAY > YES
SEC -59 6 MONDAY 6

- 
YES ARTEST 

1

• ~ 
YES IP~ b lEST 

1
NO

Figure 3-31. Executive routine.
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a comma or carr iage 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

Ccisnand Response

CO 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 ~he 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 ‘V 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 telety~- with the day ~MONDAY where
MONDAY equals the maximum number of days for the given month and year (as
computed by MONDET) and with the month ~l2. 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.

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

Table 3-1 describes the EXECUT commara~ s and program responses. The

commands provide the following capabi1it~ es:
*(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 .
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(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 subniodu].es 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.

V~SPAR

H PARSET

I
U VISIB

C
HALT

D

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.
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C 
VISRET)

I
INMODE-1
DIAGNO- O

I
VISIB

ci HALT)~~~~~

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

C VIrD

INMODE=O
DIAGNO~~1

VISIS

I
( 

HALT~~~~~

Figure 3-34. Test routine to check out VISIB.
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F
DETERMINES MONDAY
(NUMBER OF DAYS IN MONDET
A MONTH + II

RO - VEAR

RO - MON

DIVIDE RO
BY2

YES RO>7

-j

• RO - RO - 7 REMAINDER 0 
NO

YES
RO— 2

YES

NO

DIVIDE
BY2

RO ODD YES

• 7

NO

REMAINDER - o NO

MONDAY 31 MONDAY-fl 7

YES

MONDAY 3O MONDAY-29
RETURN

Figure 3-35. Routine to determine number of days in a month .
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(~~~~RSET D
I

RVRPA R

I
SVRPAR

I
TVRPAR

H I
CILPAR

C 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 equa l to

EXIT: Exit criterion for the literature algorithms of Allard’s
Law is to exit if the change in RVR is less than RVR/2E~

CtT.

VINIT: Initial guess of RVR in the iterative routines.

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

NRWAY: The total number of runways with tranamissometer installa-

tions.
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(
~~ RVRPAR ~~~ RVR SYSTEM BASIC

__________ PARAMETERS INPUT

if FROM T1Y

I I s.waIe
- 

• / READ /
/ SCALE 

~/ EXIT
J

• 
_______ L

MAGSCA 2~
L5280 2~
LOG(5280)

- :  LEPS 2~
LOG e

if
/~~~READ /
/ TRWAY(1) /

/TRWAY NRW/~~~

if
NTRANS

L~
T’TRWAY]

if
[READ BASEWJ
j  PRATE W, I
I i — i ... . I

L NTRAN/~~~

rLOG NBM(i) 21.
• ILOG(TW PRATEW)

I BALEPS(i)

L BASEW. LEPS

if
CRETUR

~D

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

~~~~~~~RP)~~~~~~~

if
I READ

/
/

PARAMETERS

C RETURN)~~~~
Figure 3-38. Routine to input SVR system parameters.

C TVRPA)~~~~

if
/ READ /
/ TvR /
/ PARAM E~ER5I

if
(

~~~~ETURN)~~~~~

Figure 3-39. Routine to input TVR system parameters.
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EICILPAR •)
if

rREAD /
/CEILOMETER /

LPARAMETERS/

C~~
RETURN D

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

H 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~~~)

[j ~~~ H
VISIB

______________________________

( HALT

Figure 3-41. Starting routine.
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~i~
__ INIT~~~~~

SET UP
STACK

POINTER

I
SET UP LINE

CLOCK INTER- I
RUPT VECTOR]

I
SET UP rrv
INTERRUPT

VECTOR

.4 

_ _ _ _

ENABLE LINE
CLOCK AND

TrY INTERRUPT

I
ENABLE
READER

I
CRETURN 

)
~

Figure 3-42. Initialization routine.

INIT handles initialization tasks in software and hardware. The
following include some of those tasks:

(1) 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.

(2) Hardware initializations, such as enabling the interrupt
capability associated with external devices.
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LI. MINI COMPUTER CONFIGURATION

4.1 INTRODUCTION

At the core of the data acquisition and computation systems
described in this appendix is the minicomputer. Characteristics of the
latter used in a repetitive data acquisition and control mode include

• minimum configuration, low cost, and a fixed storage program. These
characteristics are also descriptive of the upper end of the new class
of microprocessor, or microcomputer, now generally available.

Two specific configurations are discussed briefly in this section.
• One is that configuration chosen to implement the simulator—interface

described elsewhere in this appendix, and the other represents a desir-
able specification of the configuration required to implement the
field installation.

4.2 SIMULATOR-INTERFACE MINICOMPUTER CONFIGURATION

The minicomputer configuration chosen to implement the simulator-
interface was required to meet certain criteria not necessarily relevant
to the eventual data acquisition and control application. The most
important of these was the requirement for powerful software development
tools to reduce programming cost to a minimum . It was desired to acqt~ire

• a minimum-configuration minicomputer system to implement the demonstra-
tion control and data acquisition task, and while such a system is con-
sistent with the eventual application, it is not consistent with the
necessary initial task of software development. The most cost-effective
way of achieving the latter is with a configuration providing maximum
support of fast and powerful peripheral equipment including a disc
system, line printer, and console keyboard-display.

Initial wordlength versus trade-off studies performed using
masking techniques on a large-scale Digital Equipment Corporation (DEC)

• PDP-lO facility at DOT-TSC determined the need for a 16-bit wordlength
computer. Since a cross-assembler and simulator could be accessed on
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the PDP-lO facility for development of PDP-l1 software, the latter

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

consisted of the following components:

(1) KD11B CPU.

• (2)  8k 16-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 frequency .

(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-

computer 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 PDP-11/15 disc-
-
• system facilities. The assembled program was punched on paper tape for

subsequent 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-ll 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, or 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.
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Descriptions of the PDP—l1 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/O operations can be carried out with
adequate speed and accuracy on a 16—bi~ 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 ~arameters
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 f•r
the specification of a minicomputer configuration to implement the

evolutionary system. The specification is written integrally with the

interface specif ication , 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.
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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 -

H identify any special hardware/software problems.

5.2 INTERFACE CONFIGURATION

Communication between field-located sensors and the computer az~d

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 dAsign and specification is
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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/O 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 informat~~~i 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/O to

simpl i fy control of contacts, relays, etc. Software coding and decoding

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

+5V I I +5V

I I

I I I I
I I— ____________________________________________________ ________________ I

I RECEIVER 
I

Li±J 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

DRIVER

Figure 5-1. Typical bus line.
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Output registers store specific information strobed from the corn-
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. In

general , however , the task of converting data from parallel- to serial-
bit format and providing an appropriate gated clock signal for serial

• I/O 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 require multi—

pie 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/O interface would contain an associated

address selector for address decoding and either receiver or driver

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

H 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/O 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-ll/lO-AC mini-

computer. Figure 5-6 shows the ASR-33 teletype and slow-speed paper-tape

reader/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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(page 2 of 4).
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(page 4 of 4).
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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

7 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 1: 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 frequency range from zero , corresponding to zero transmit-

tance , to 200 Hz, corresponding to 100% transmittance. Subsequently ,

a decision was made to expand the bandwidth of the transmitted signal

to 10 kHz. Consequently , the highest discrete frequency wa~ 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,
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• Figure 5-5. Front control panel, of the PDP-1l/10-AC minicomputer of th€
simulator—interface minicomputer configuration.

F.

~~~~~

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

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-3u

Figure 5—7. Front control panel of the signal simulator bearing
switches controlling the simulated sensor inputs to
the minicomputer and the visual RVR digital display.
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TABLE 5-1. PULSE-TRAIN DISCRETE-FREQUENCY CODE

Code Frequency

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
H sensor output be converted into digital form, coded, and transmitted —

serially, either synchronously or asynchronously, to the interface.
The register also simulates a decimal console—panel switch into which

the controller could load an “alert” RVR value. The decimal value is

coded internally 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. All 16 bits of the word
are used .
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II  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 BEll module connector.

I 
- The whole subassembly is mounted in a chassis and connected to the

computer via a BC11A 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 767777.

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 Ml05

controls up to four addresses. MO, AOl , A02, 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.

A02 and AOl provide a coding array for the four selected addresses.

A00 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

16-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. The period 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.

Af ter 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 1,~f 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 var iety 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/sof t-

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. -
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The modular construction envisioned for the field-interface

installation provides for a multiplici ty of I/O 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 I/O 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.
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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 backscatter ing 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 backacattering 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 Relay.~

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 shif t-
• 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.
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5 7  INTERFACE SPECIFICAT ION

The detailed design of an interface assembly depends upon the

specific minicomputer choice. For this reason, specification of the

4 interface has been made integral with ~..hat of the minicomputer to

implement the eventual evolutionary system (see Subsection 4.3) .
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APPENDIX A

ITERATIVE ALGORITHMS FOR RVR COMPUTAT ION

A.l INTRODUCTION

An investigation is made of the performance of different iterative

algorithms to solve a nonlinear equation y = f(x) for its zero. All

iterative algorithms considered are single point in character and
utilize the information on the value of the f unction , 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 ct be the zero of y = f(x) , i.e., f(a) = 0.

A. 2 NEWTON-RAPHSON METHOD

The Taylor series expansion of y = f(x) about point x1 is given
by

y = f ( x . )  + Cx — x1) f’ (x1) + ~(x 
— x1) 

2f” (p), x < p < x1

(A—l)

Since f(cs) = 0, we have

0 = f~ + (cd — x~)f1
’ + ~ (ct — x~)

2f” (p)~ (A—2)

dropping the arguments.

Equation (A-2) suggests the following iteration formula:

f .
= x

~ 
— , (A—3)
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which is the familiar Newton-Raphsofl method. Substituting for x1 in

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

0 = f~ + 
(a 

— x~41 
— )~~‘ 

+ ~ (c1 — x~ ) 2 f ” ( p ) ~

or

5 — 
].f”(p) ~~2 —

i+l 2 f.” i -

1

where c~, = a - x1 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 a of f(x) = 0. The Taylor series expansion of g(y) about a point

is given by

x = g(y) = g(y~) + Cy - 

~~)~~‘(Y~) + - Y~)
2g”(~~ ) + ~

(y - y~ )
3g”(p),

• (A—5)

where p is between y and y1. Since a = g(0), we have:

a = x1 — f~g~ ’ + ~f~
2
g~ ” — ~f~

3g” (p) , (A—6)

where y
~ 

= f(x1) f..

It is easy to deduce from the inverse relationship of the functions

y = f(x) and x = g(y), that:

= 1. (A—i)

By successively differentiating (A- i ) , we evaluate:

— f - fl

= 
3 

( A— 8 )
1 ( f ’ )1

and

= 

((f )3)(~~-) 
— 

C f ’ )2 
(A—9)
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A.4 METHOD 2

Equation CA-6) suggests the following iteration formula:

= x1 
- .~4(i  + ~~~~-.;•~.•‘ ) , (A-b )

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

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

for error at each iteration:

5i+l = —

since

= f(x~) = f(x.) — f(a) = (x1 
— a ) f ’  (q)

= ~c~ f’(q)~ with q between a and x~

5i+l 
= 

(~~~~~~~~

‘ ~q~ g ” (~~))i
3. (A- li)

If the root a is simple , the expression in brackets is bounded in some
-

• 
interval of a. Thus, the order of the iteration formula (A-b ) is three.

A.5 HALLEY’S METHOD

Consider the iteration formula

x~~1 
= x1 

— f1g1
’ + ~f~

2g~ ” = x1 — u~ (f11 g1’ 
— ~f~ f~ ’g~ ”).

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

P0
= X~ 

- 

~ + Q1u1 
•u.,

where

u
~ 

=

H and choose P0 and Q1, such that

f~ ’~~~’ + ~f~f~ ’g~ ” = 1 + 
~~~~ ~~
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and
P0

1 + Q1u~

have as many derivatives equal as possible at u~, = 0. We would like

to choose two constants at our disposal, P0 and Q1, such that

f. ” P
(1+~~ui~~~~

r _
l +°Q u )~

and its first derivative with respect to u is equal to zero at u1 = 0.

Consider

f •
~~ 

EH.u?
1 1 i~~ o — _ _ _ _+ ~u.  IT’) 

- 
1 + Q1u~ 

— 
1 + Q1u~,

This requirement is met if H0 
= H

1 = 0. Then:

f. ’4
i -i---

, P0 
= 1 and Q1 

= - 

~~ 
f 4

Thus , we arrive at Halley ’s iteration formula

xi+1 
= — U i

, 
~~ 

(A—l2)

~l -~~u.~~ -r)

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

1 ,,, 3 1 s.” 1 3
5i+l 

= — ~g (p) f~ — 2 ( f ’ ) 4 
/ 1 

f ”
\
• fi

1 
k
l _

~~
u
i /

Now = -c~ f’(q) with q between a and x1 as explained earlier. Thus,

= f’ (q) ~~~~ (p) + 2 (f ~ ) 4 
(1 — 1 f )

]5 . (A—l3)

If the root is simple , the expression in outer brackets is bounded in
some interval of a. Thus, the order of the iteration formula (A-l2)

is three .
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A. 6 MODIFIED NEWTON-RPPHSON METHOD

Instead of considering the function f (x), consider the function
-

• 
u(x) = f(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 :

x~~1 
= x. - 

~~~
—

~~~
- = x

1 
- U~ 

- 

~~~~~~~~~~ 

(A 14)

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-Raphsofl 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.
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APPENDIX B

COMPUTAT ION OF LOGARITHM

The logarithm function log10(x) is calculated in fixed-point

arithmetic as follows:

(1) Integer x is normalized and expressed as
x = F.2b, such that l/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 bog10
x as follows:

bog10x = log10F +blog10
2

where log10F = (C1Z + C3Z
3 

+ C5Z
5) log10

2 
- 1/2 log10

2

C1 
= 2.8853913

C3 = 0.96147063

C5 
= 0.59897865

bog10
2 

= 0.30102999

F +

= 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 R0, and log10 (argument) is available on return from the
program in double precision in registers R0 and R1 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—b
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shows the plot of -bog2 c versus the wordbength, N , where c is an
average computed from the errors of the logarithm function computed

for ten integers of varying magnitudes. Thus, the relationship
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 -

12 -

8 -

4 -

0
4 8 12 16 20 24

BIT LENGTH. N

Figure B-b. Pbot of -bog~ c vs N, showing the dependence of s,
the computation error for the fixed-point algorithm
and N, bit length of the computer word .
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—
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APPENDIX C

ATMOSPHERIC TRANSMITTANCE FOR RVR RANGE 50 TO 5900 FEET

Table C-i lists the atmospheric-transmittance values corresponding

to a given set of RVR values. Table C-l 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,

Eti 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

F as characterized by s, c, and Et are calculated from Ablard ’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 Koschniieder’s law.

*As recommended by ICAO All Weather Operational Panel (AWOP
Report, IV-WP-213) .
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TABLE C-i. ATMOSPHERIC TRANSMITTANCE (page 1 of 16)

BASE LIME. 500.00000

El. 2.00000
HVR 1. 20000.0 1. 10000.0 i~ 2000.0 I• 400.0

50.0 .000000000 .ooo000ooo .000000000 .000000000
100.0 .000000000 .000000000 .000000000 .000000000
150.0 .000000000 .000000000 .000000000 .000000000
200.0 .000000000 .000000000 .000000000 .000000000
250.0 .000000000 .000000000 .000000000 .000000000
300.0 .000000000 .000000000 .000000001 .000000010
350.0 .000000001 .000000002 .000000022 .000000222• 400.0 .000000016 .000000038 .000000281 .0000O2~0O450.0 .000000151 .000000326 ‘000001951 ‘000011663
500.0 .000000897 .000001794 .000008968 .000044838
550.0 .000003782 .000001102 ‘000030675 .000132497
600.0 .000012375 .000022049 ‘000084307 .000322357
650.0 .000033382 .000056894 .000196217 .000676717
700.0 .000077488 .00012/132 ‘000401347 .001267023
750.0 .000159675 .000253468 .000741145 .002167121
800.0 .000298930 .000461014 .001260579 .003446881
850.0 .000517446 .0O077~ 931 .002004934 .005167242
900.0 .000839478 .00j23~81O .003016929 .007377034
950.0 .001290092 .001858051 .004334475 .010111497
1100.0 .0036~ t808 .005004259 .010400481 .021615588
1200.0 .006267910 .008366656 .016360231 .031990935
1300.0 .009847250 .012855700 ‘023874283 .044336862
1400.0 .014442376 .018499047 .032868623 .058400108
1500.0 .020058797 .025272501 .043215369 .073897241
1600.0 .026664214 .033113163 .054755631 ‘090543424
1700.0 •034198639 .041932143 ‘067317266 .108070182
1800.0 .042583726 .05162b361, •080727487 .126234996
1900.0 .051730562 .062081989 ‘094821123 ‘144825344
2000.0 .061545745 .073190638 ‘109445532 .163659243
2100.0 .071935556 .084843627 .124463111 .182583733
2200.0 .082810575 .096939708 .139752159 .201472301
2300.0 .094084719 .109385661 .155206676 ‘220221846
2900.0 .166191306 .187288032 .247184990 ‘326237714
3400.0 .226747572 .251079793 .318127688 ‘403079931
3900.0 .284082032 .310482663 .381635612 .469094599
4400.0 .336867263 .364474175 .437617994 .525440544
4900.0 .384783789 .41298~843 .486695783 ‘573562901

• 5400.0 .427993336 .456362714 .529699545 .614821497
• • 5900.0 .466863054 .495108661 .567460020 .650384250

- 
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TABLE C—i. ATMOSPHERIC TRANSMITTANCE (page 2 of b6)

BASE LINE 500.00000

El. 26.00000
Rv~ I. 20000.0 I. 10000.0 I• 2000.0 

~ 400.0

50.0 .000000000 .000000000 .000000000 .000000000
100.0 .000000000 .000000000 .000000000 .000000003
150.0 .000000000 .000000000 ‘000000000 .000000000
200.0 .000000000 .000000000 .000000000 .000000000
250.0 .oo0000000 .000000000 .000000001 .000000021

• 300.0 .000000001 .0000000C3 ‘000000051 .000000741
• 350.0 .000000032 .000000087 .000000868 ‘000008646

400.0 .000000390 .000000927 .000006934 ‘000051845
450.0 .000002611 .030005640 ‘000033720 ‘000201615
500.0 .000011658 ,0O002~316 ‘000116578 .000582839
550.0 .000038937 .000073119 .000315831 .001364214
600.0 .000104910 .000186928 .000714740 ‘002732898
650.0 .000240097 .000409212 .001411293 .004867280
700.0 .000484070 •000794200 ‘002507229 .007915134
750.0 .000882806 .001401367 .004097623 ‘011981523
800.0 .001485199 .032290490 .006263033 .017125408
850.0 .002339513 .00351/240 ‘009064854 ‘023362~311900.0 .003490334 .005129864 .012543609 .030671794
950.0 •004976302 .007167101 ‘016719469 .039003307
1100.0 .011717794 .Oj6Q5~ 49O ‘033372697 .069359339
1200.0 .018250125 .024360994 ‘047635694 ‘093147242
1300.0 .026409167 .034477476 .064028021 .118906254
1400.0 .036097370 .046236641 ‘082152053 .145965616
1500.0 .047164946 ,05942~ i08 ‘101613796 .173757147
1600.0 .059434154 .073808768 .122049523 .201820004
1700.0 .072717547 .089161518 .143138634 ‘229792728
1 800.0 .086830513 .135266894 ‘164607699 ‘257399962
1900.0 .101599176 .121929448 ‘186229330 .28*437961
2000.0 .116864842 .138976501 .207818342 .310760934
2100.0 .132486011 .156258565 .229226731 ‘336268890
2200.0 .148338794 .173648346 ‘250338399 .360897845
2300.0 •164316317 .191038982 .271064095 .384611262
2900.0 .258623212 .291453466 .384663779 .507683868
3400.0 .330641867 .366122957 .463891770 •587768591
3900.0 .394690811 .431370662 .530227372 .651738959
4400.0 .450861633 .487810600 .585705960 .703247267

• 4900.0 .499901518 .536539626 .632303043 ..743816140
5*00.0 .542725103 .578699*34 .671695599 -.764481386
5900.0 .580218385 .615322084 ‘705240506 -‘782079812
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TABLE C-l. ATMOSPHERIC TRANSMITTANCE (page 3 of 16)

BASE LINE 

El. 260.00000
RVR I’ 20000.0 I. 10000.0 I• 2000.0 I~ *00.0

50.0 .000000000 .000000000 .000000000 .000000000
100~0 .000000000 .000000000 .000000000 .000000000
150.0 .000000000 .000000000 .000000000 .000000000
200.0 .000000000 •000000000 .000000000 .000000027
250.0 .000000001 .000000003 .000000085 .000002123
300.0 .000000051 •000000161 .000002353 .000034394
350.0 .000000868 .000002335 .000023274 .000231954
400.0 .000006934 .000016492 .000123309 .000921949
450.0 .000033720 .000072840 .000435512 .002603958
500.0 .000116578 .000233155 .001165777 .005828885
550.0 .000315831 .000593088 .002561806 ‘011065564
600.0 .000714740 .00127~523 .00*869470 .018619014
650,0 .001411293 .002405352 ‘008295601 .028609950
700.0 .002507229 .004113537 .012986129 .040996237
750.0 .004097623 •0065O~571 .019019482 .055613303
800.0 .006263033 .009658917 .026410990 .072217247
850.0 .009064854 .013628161 .035123363 .090522162
900.0 .012543609 .018435775 .045079394 .110228714
950.0 .016719469 .024080157 .056174378 .13104402*
1100.0 .033372697 .045732308 .095046639 .197537886
1200.0 .047635694 .063586023 .124336651 .243128946
1300.0 .064028021 .083589331 .155233506 .288283697
1400.0 .082152053 .105227471 .186965415 .332195253
1500.0 .101613796 .128025360 .218920287 .374348425
1600.0 •122049523 .151568153 .250631749 -.403983233
1700.0 .143138634 .175507266 .281756870 -.426106774
1800.0 .164607699 .199558204 .312052683 ..446787225
1900.0 .186229330 .22349*326 .341354770 ..466140135
2000.0 .207818342 .247139050 .369559078 ..484273464
2100.0 .229226731 .27O35~903 

.396607113 -.501286899
2200.0 .250338399 .293051115 .42247*205 ..517271738
2300.0 .271064095 .315147088 .447160363 -.532311443
2900.0 .384663779 .433493926 •5721~ 0482 ..606486521
3400.0 .463891770 .513671872 .650841881 ..652768545
3900.0 .530227372 .57950~059 -.689458352 -.689458352
4400.0 .585705960 .633705676 ‘.719216093 -.719216093
4900.0 .632303043 .678644945 -.743816110 -‘743816110
5400.0 .671695599 .716218691 -.764481386 -.764481386
5900.0 ,705240506 .747908149 -.782079812 ..78207981,2
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TABLE C—i ATMOSPHERIC TRANSMITTANCE (page 4 of b6)

BASE LINE 500.00000

El. 2600.00000
RVR 1. 20000.0 1. ioovo.o 1’ 2000.0 1~ 400.0

50.0 .000000000 .000000000 .000000000 .000000000
100.0 .000000000 .000000000 .000000000 .000000030

.ooooooooo .ooo000ooo .000000000 .000000025
200.0 .ooooooooo .000000003 .000000150 .000008400
250.0 .000000085 .000000340 .000008494 .000212349

- • 300.0 .000032353 .00000/469 .000109193 .001596418
350.0 .000023274 .000062649 .000624374 .006222626
400.0 .000123309 .000293280 •002192776 .016394828
450.0 .000435512 .000940759 ‘005624860 .033631408
500.0 .001165777 •C02331554 .011657771 -.055000000
550.0 .002561806 .004810718 .020779599 e.071593760
600.0 .004869470 .038676409 .033175311 -.089187141
650.0 .008295601 .014138697 .048761677 -.107410867
700.0 .012986129 •02130b961 .067261325 -.125967661

• 750.0 .019019482 .030191546 .088280616 -.144624474
800.0 .026410990 .040731314 ‘111374220 •.163202*53
850.0 .035123363 .052804698 ‘136091621 -.181566983
900.0 .045079394 .066254740 .162006942 -.199618825
950.0 .056174378 .080904953 .188735703 -.217286625

- - 1100.0 .095046639 .130247255 -.267570103 .267570j~ 31200.0 .124336651 .165969517 -‘298642162 ..298642162
1300.0 .155233506 .202659158 -‘327735972 ..327735972
1400.0 .186965415 .239481512 -‘354919231 -.354919231
1500.0 .218920287 .275822278 -‘380295246 p.380295246
1600.0 .250631749 .311248996 -.403983233 -.403983233
1700.0 .281756870 .345471916 -.426106774 ‘.426106774
1800.0 .312352683 .378309602 -.446787225 •‘446787225
1900.0 .341354770 .409660788 -.466140135 -.466140135
2000.0 .369559078 .439482285 .484273464 -.484273464
2100.0 .396607113 .467772092 -.501286899 -.501286899
2200.0 .422474205 .494556718 -.517271788 -.517271788
2300.0 .447160363 .519881787 -.532311443 -.532311443
2900.0 .~ ‘2130k82 -.606486521 -.606486521 -.606486521
3400.0 .650841881 -.652768545 -.652768545 -.652768545
3900.0 -.689458352 -.689458352 -.689458352 -.689458352
4400.0 -.719216093 -.719216093 -.719216093 -.719216393
4900.0 -.743816110 •.743816110 -‘743816110 -.743816110
5400.0 v.764481386 ..76448~386 -.764481386 - .764482386
5900.0 -.782079812 -.782079812 -‘782079812 -.782Q79~j2
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TABLE C-i. ATMOSPHERIC TRANSMITTANCE (pag e 5 of 16)

B~ SE LINE 250.00000

- 
• El. 2.00000

RvR I. 20000.0 I. 10000.0 I~ 2000.0 i- 400.0

50.0 .000000000 .000000000 .000000000 .000000000
100.0 .000000000 .000000000 .000000000 .000000000
150.0 .000000000 .000000000 .000000000 .000000001
200.0 .000000003 •000000007 ‘000000050 .000000371
250.0 .000000224 .000000448 .000002242 .000011209
300.0 •000003898 .000006945 ‘000026555 .000101536
350.0 .000028787 .000047229 .000149100 .000470697
400.0 .000125685 .000193832 .000530008 .001449235
450.0 .000388626 .000571177 .001396649 .003415104
500.0 .000946970 .001339217 ‘002994581 ‘006696087
550.0 .001944663 .002664871 .005538470 .011510745
600.0 .003517746 .004695627 .009181869 .017954305
650.0 •005777679 .007542828 .014007763 .026013777
700.0 .008802727 .011275296 .020033650 .035595265
750.0 .012636251 .015920678 .027223976 .046552345
800.0 .017289604 .021471229 .035504634 .058710147
850.0 .022747431 .027891418 ‘044776485 .071883533
900.0 .028973754 .035126637 .054926579 .085889660
950.0 .035917852 .043105112 .065836730 .100555940
1100.0 .060430193 .070740788 .101982748 .147022407
1200.0 .079170135 .091469429 .127907119 .178860100
1300.0 .099233309 .113382977 .154513050 .210563201
1400.0 .120176438 .136011203 .181297057 .241661144
1500.0 •141629084 •158973271 .207883065 .271840470
1600.0 .163291807 .181970224 .233999211 .300904344
1700.0 .184928740 •20477~ 39k .259455711 .328740296
1800.0 .206358246 .227212149 .284125330 .355295645
1900.0 .227443537 .249162574 .337930386 .380559252
2000.0 .248084150 .270537684 .330825531 .404548196
2100.0 .268208605 .291279293 s352793?98 .427298j79
2200.0 .287768266 .311351422 .373834401 .448856659
2300.0 .306732325 .330735032 .393962785 .469278005
2900.0 .407665680 .432767873 .497177021 .571172228
3400’O .476180189 .501078630 .564028091 .634885762
3900.0 .532993463 .557209712 .617766632 .684904810
4400.0 •580402673 .603716966 .661527017 .724872778
4900.0 .620309430 .642638968 .697635853 .757339357
5400.0 .654211996 .675546234 .727804606 .784105540
5900.0 .683273777 ,703639581 .753299423 .806464041
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TABLE C-i. ATMOSPHERIC TRANSMITTANCE (page 6 of 16)

B A SE L I N E  250.00000

El. 26.00000
RVR 1. 20000.0 I. 10000.0 1 2000.0 I• 400.0

50.0 .000000000 .000000000 .000000000 .000000000
100.0 .000000000 .000000000 •C00000000 .000000000
150.0 .coooo0000 .000000000 .000000005 .000000074
200.0 .000000069 .000000 164 .000001226 .000009165
250.0 .000002914 .00000~829 .000029144 .000145722
300.0 .000033044 .000058878 .C00225 129 .000860809
350.0 .000179831 .000295044 .000931432 .002940461
400.0 .000624449 .000963032 ‘002633281 .007200347
450.0 .001615806 .0023~4806 .005806905 .014199119
500.0 .003414348 .004828617 .010797116 .024143085
550.0 .006239966 .008550944 .017771647 .036935273
600.0 .010242536 .013672145 .026734630 •052277j22
650.0 .015495056 .020228977 ‘037567176 .069765394
700.0 .022001594 .028181548 .050072237 .088967040
750.0 .029712054 .037434842 .064012680 .109460143
800.0 .038538281 .047859065 .079139324 .130864082
850.0 .048368515 .059306321 .095209525 .1528480 18
900.0 .059079047 .07162 3068 .111998255 .175133647
950.0 .070542906 .084658733 .129303786 .197492550

1100.0 .10824 8759 .126713 153 .182681956 .263361613
1200.0 .135093022 .156080087 .218256029 .305200331
1300.0 . 162508974 .185681114 .253037589 .344827862
1400.0 .189993079 .215027071 .286621794 .382054468
1500.0 .217174920 .243770606 .318769189 .416842873
1600.0 .243791210 .27 1677692 .349355868 .449243 814
1700.0 .269661912 .298599260 .378336667 .479367007
1800.0 .294670176 .32444 8600 .405718744 .507345998
1900.0 .318746257 .349183974 .14315142965 ‘533327255
2000.0 .341855001 .372796522 .455870970 .557459329
2100.0 .363986278 .3952955*1 .478776285 .579886963

- 
- 2200.0 .385147756 .416711346 .500338284 .600747739

2300.0 .405359491 .437080063 .520638162 .620170349
2900.0 .508550107 .539864303 .620212688 .7 125 19381
3400.0 .575014667 .605080951 ‘681096007 .766660675
900.0 .628244229 .656788141 ‘728167132 .807303511
4400.0 .671462309 .69843~392 ‘765314288 .838598394
4900.0 .707037141 .732488653 .795174851 ..3624477144
5400.0 .736698787 .760722968 .819570374 ..874346262
5900.0 .761720674 .784424683 .839785988 ..884352764
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TABLE C-i. ATMOSPHERIC TRANSMITTANCE (page 7 of 16)

BASE LINE 

El. 260.00000
RVR I. 20000.0 I- 10000.0 1 2000.0 I. 400.0

50.0 .000000000 .000000000 •000000000 .000000000
100.0 .000030000 .000000000 .000000000 .000000001
150.0 .000000005 .000000016 .00C1000233 .000003412
200.0 .000001226 .000002915 .000021798 .000162979
250.0 .000029144 .000058289 .000291444 .0011457221
300.0 .000225129 .000401134 .001533787 ‘005864622
350.0 .000931432 .001528173 .004824328 .015230043
1400.0 .002633281 .004061074 .011104453 ‘030363622
450.0 .005806905 .008534609 .020868936 .051028989
500.0 .010797116 .015269428 .034143478 .0763473.38
550.0 .017771647 .02435~39* .050614288 .105192982
600.0 .026734630 .335686449 .069781586 .136451508
650.0 .037567176 .04904~387 .091080191 .169144760

H 700.0 .050072237 .064136862 .113956697 .202475275
- - 750.0 •06401.2680 .080650923 ‘137911139 .235824730

800.0 .079139324 .098279788 .162514583 .268732668
850.0 .095209525 .116739716 ‘187412281 .300869012
900.0 .111998255 .13577~ 1404 ‘222319086 .332007099
9b0.0 .129303786 .15517?825 .237011346 ‘362000034
1100.0 .182681956 .213851136 .308296349 ‘444452343
1200.0 .218256029 .252162692 .352614026 .493081075
1300.0 .253037589 .289118195 .393996835 ‘536920569
1400.0 .2866217914 .324387841 .432394976 .576363820
1500.0 .318769189 .357806317 ‘467889182 .611840195
1600.0 .349355868 .389317548 .500631351 -.635596753
1700.0 .378336667 .41893~874 .530807753 -.652768545
1800.0 .405718744 .446719380 .558616759 -.668421443
1900.0 .431542965 .472751865 .5g4255740 -.682744560
2000.0 .455870970 .497130818 .607913709 -.695897596
2100.0 .478776285 .519959521 .629767507 -.708016171
2200.0 .500338284 .541341958 .649980157 -.719216093
2300.0 .520638162 .561379629 ‘668700503 -.729596767
2900.0 •620212688 .658402556 ‘756393074 -.778772445
3400.0 .681096007 .716709057 .806747718 -.807940929
900.0 .728167132 .761250983 -.830336289 -.830336289
4400.0 .765314288 .796056327 -.848066090 -.848066090
4900.0 .795174851 .823799093 -.862447744 -.8624477144
5400.0 .819570374 •8462970 46 -.87*346262 -.874346262
5900.0 .839785988 .864816829 -.884352764 -.884352764
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TABLE C-i. ATMOSPHERIC TRANSMITTANCE (page 8 of 16)

B~SE LINE 250.00000 

El. 2600.00000
RV R I. 20000.0 I. j000o.0 I~ 2000.0 i- 400.0

50.0 .000000000 .000000000 .000000000 .000000000
100.0 .000000000 .000000000 .000000005 .000000262
150.0 .000000233 .000000741 .000010833 .000158385
200.0 .000021798 .000051845 .000387632 .002898224
250.0 .000291444 .000582889 ‘002914443 .014572214

• 300.0 .001533787 .002732898 .010449568 •0399552C4
350.0 .004824328 .007915134 .024987486 .078883625
400.0 .011104453 .017125408 .046827091 .128042290
450.0 .020868936 .030671794 .074999066 .183388679
500.0 .0341143478 .048286170 .207971158 -.234520788
550.0 .050614288 .069359339 .144151307 ..267570103
600.0 .069781586 .093147242 .182140911 -.298642162
650.0 .091080191 .118906254 ‘220820463 ..327735972
700.0 .113956697 .145965616 .259347884 -.354919231
750.0 .137911139 .173757147 .297120542 -.380295246
800.0 .162514583 .20 1820004 .333727763 -.403983233
850,0 .187412281 .229792728 .368905979 .,426106774
900.0 .212319086 .257399962 .402500860 -.446787225
950.0 .237011346 .284437961 .434437225 -.466140135
1100.0 .308296349 .360897845 -.517271788 -.517271788
1200.0 .352614026 .407393566 -.5146481621 -.546482621
1300.0 .393996835 .450176807 -.572482289 -.572482289
1400.0 .432394976 •489368482 -.595750981 -.595750931
1500.0 .467889182 .525187850 •.616680830 -.616680830
1600.0 .500631351 .557896940 -.635596753 -.635596753
1700.0 .530807753 .587768591 p.652768545 -.652768545
1800.0 .558616759 .615068779 ..668421443 -.668421443
1900.0 .584255740 .640047489 ‘.682744560 -.682744560
2000.0 .607913709 .662934601 ‘.695897596 -.695897596
2100.0 .629767507 .683938661 -.708016171 -.70801617 1
2200.0 .649980 157 .703247267 -.719216093 -.719216093
2300.0 .668700503 .72 1028285 - .729596767 -.729596767

• 2900.0 •756393074 ..778772445 -.778772445 -.778772445
3400.0 .806747718 -.807940929 -.807940929 -.807940929
3900.0 -.830336289 ..830336289 -.830336289 -.830336289
4400.0 -.848066090 -.848066090 w.848066090 -.848066090
4900.0 -.862447744 -.862447744 -.8621447744 -.862447744
5400.0 ..874346262 -.874346262 -.874346262 -.874346262

• 5900.0 -.884352764 -.884352764 -.884352764 -.884352764
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TABLE C-i. ATMOSPHERIC TRANSMITTANCE (page 9 of 16)

BASE LINL 75.00000
It 

.

El. 2.00000
RVR I. 20000.0 I. 10000.0 I• 2000.0 ~ 400,0

• 50.0 .000000000 .030000000 .000000000 .000000000
100.0 .000002606 .000004384 .000014657 .000049009
150.0 .0002.84091 .000401765 .000898374 .002008826

• 200.0 .002715170 .003521140 .006438683 .011773641
250.0 .010120073 .012459272 .020192201 .032724623
300.0 .023836565 .028346612 .042388072 .063384952
350.0 .043426765 .050380666 .071128425 .130420524
400.0 .067574801 •076953415 .104060229 ‘140715407
450.0 .094811175 .106421946 .139163774 .181978968
500.0 .123851373 .137421702 ‘174944714 .222713388
550.0 .153692721 .168928469 .2 10386048 .262017940
600.0 .183602813 .200220288 .244838287 .299399163
650.0 .213071824 .230812993 .277914337 .334627034
700.0 .241760*01 .260398442 .309405497 .367635692
750.0 .269454517 .288794201 .339223139 .398457925
800.0 .296029855 .3 159054 18 .367354625 .1427282989
850.0 .321425040 .34169/008 .393835627 .453929936
900.0 .3145622041 .366173798 .4 18730663 .47883 1006
950.0 .368632064 .389366545 .442120321 .502021502
1100.0 .430899703 .451752919 .534147959 .562619861
1200.0 .467270556 .1i8795~391 .539595620 ‘596697256
1300.0 .500031359 .520432437 .571070268 .626635135
1400.0 .529597343 .549632500 .599124703 .653073480
1500.0 .556346978 .575966522 .624231577 .676541176
1600.0 .580616426 ,599792213 .646791521 .697474826
1700.0 .602700183 •621415467 .667143057 .716235565
1800.0 .622854417 .6411054144 .685572226 .733123204
1900.0 .641301240 .659090183 ‘702321277 .748387776
2000.0 .658233082 .675566850 .717595498 .762238851
2100.0 .673816765 .690705451 ‘7315703514 .774852989
2200.0 .68819-7150 .704652920 ‘744395568 .786379714

• 2300.0 .701500305 .717536602 ‘756199802 .796946302
2900.0 .763996282 .777815340 .810873886 .8145337480
3400.0 .800444817 .812777672 .842151488 .872586875
3900.0 .827973744 .839084316 .865 1460665 .892666 146
4400.0 .849412839 .859508180 .883413996 ‘907984714

4 4900.0 .866527829 .875770107 .897611974 .919998582
5400.0 .880472003 .888989278 ‘909084891 .929634766
5900.0 .892027875 .899922434 .918523539 .937509122

1—99 
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TABLE C-i. ATMOSPHERIC TRANSMITTANCE (page 10 of 16)

I

BASE LINE 75.00000

El. 26.00000
RvR I. 20000.0 I. 10000.0 I~ 2000.0 

~~
. 400.0

50.0 .000000000 .000000000 .000000001 .000000014
100.0 .000017845 .000030011 .000100348 .000335532
150.0 .003024304 .001448585 .003239135 .007242925
200.0 .007104374 .009213233 .016847126 .030806302
250.0 .021845735 .02689b254 ‘043587971 .070641133
300.0 ,045261559 .053825367 .0801487698 .120357180
350.0 .075241878 .087290314 ‘123238199 .173990136
400.0 .109307297 .124477907 .168325206 .227617700
450.0 .1453840148 .163188076 ‘21.3394599 .279047685
500.0 .181966871 •201904885 .257035037 .3272184814
550.0 .218049285 .239664777 .298482108 ‘37173409*
600.0 .253001008 .275899555 .337382266 .412566064
650.0 .286456017 .31030~433 

.373630709 .449876128
700.0 .318226426 .342759464 .1407266885 .483914619
750.0 .348240922 .373235378 .438409346 .514963922
800.0 .376502359 .401780878 .1467215994 ‘543308049
850.0 .403059188 .428479744 .493860305 .569217iC7
900.0 .4279861474 .453436874 .51.8517451 ‘592940175
950.0 .451373444 .476761887 ‘541356521 .614702833
1100.0 .513247542 .538085948 ‘600494033 .670140330
1200.0 .548516726 •57280t636 .633417233 .700447356
1300.0 .579779966 .603434755 ‘662148672 .726575425
1400.0 .6076014994 .630591252 .687373465 .749268690

• 1500.0 .632474327 .654779485 ‘709647866 .769115213
1600.0 .654795088 .676419616 .729424612 .786583137 -

1700.0 .674910031 •69~867604 .747073842 .802048151
1800.0 .693107909 .71341~ 521 .762899836 .815814221
1900.0 .709632550 .729316923 .777154225 ‘828129267
2000.0 .724690522 .74377’~365 .790046369 .839197065

• 2100.0 .738457496 .756966351 ‘801751515 .849186348
2200.0 .751083483 .769042954 .812417221 .858237810
2300.0 .762697115 .780132371 .822168435 ‘866469539
2900.0 .816394603 .831161434 .866487285 .903314548
3400.0 .847039526 .860090289 .891173985 ‘923383047
3900.0 .869838352 .881510705 .909220714 .937803779
4400.0 .887373575 .897920083 .922894263 .948563060
4900.0 .901223833 .910836174 .933552596 ..956576786
5400.0 .912403592 .921229759 .942054168 -.960516959
5900.0 .921592057 .929748262 .948965857 ..963801641

~~~~~
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TABLE C-i. ATMOSPHERIC TRANSMITTANCE (page 11 of 16)

B~ SE LINE 75.00000 

El. 260.00000
RVR 1. 20000.0 ~~. 10000.0 I• 2000.0 1 400.0

50.0 .000000001 .000000004 .000000040 .000000445
100.0 .000100348 .000168764 .000564296 .001886836
150.0 .0o3e39135 .004580828 .030243043 .0229041*1
200.0 .016847126 .021848019 .039950831 ‘073053254
250.0 .043587971 .053663087 .086969437 .140947591
300.0 .080487698 .095716543 .143129615 .214028696
350.0 .123238199 .142972256 ‘201851070 .284977349
400.0 .168325206 .191686831 .259208450 .350514534
450.0 .233394599 .239527338 .313220436 .409585987
500.0 .257035037 .285198231 ‘363071640 .462208394
550.0 .298482108 .328071004 .408584549 .508857325
600.0 .337382266 .367911970 .449906483 ‘550165688
650.0 .373630709 .404740621 .4873345214 •586783056
700.0 .407266885 .438664321 ‘521221061 .619315000
750.0 .4384093146 .1,69876502 .551924666 .648301168
800.0 .467215994 .498585063 .579785969 .674213474
850.0 .493860305 .525007600 .605117084 .697450256
900.0 ,518517451 .549350103 .628198233 .71.8363422
950.0 .541356521 .571806251 ‘649278080 • ‘737246269
1100.0 .600494033 .629554697 .702571*77 .784056862 

-

1200.0 .633417233 .661461010 .731458810 ‘808863988
• 1300.0 .6621148672 .689164070 .756219409 .829799201

3400.0 .687373465 .713377438 .777614216 .847635258
1500.0 .709647866 .734673544 .796238002 .862963462
1600.0 .729424612 .753513771 .81.2559950 -.872879916
1700.0 .747073842 .770272273 .826953667 -.879888751
1800.0 .762899836 .785254508 ‘839719403 -.886166059
1900.0 .777154225 ,798711569 .851100599 — .891820543
2000.0 .790046369 .810851279 .861296299 -.896940431
2100.0 .801751515 .821846785 .870470535 .903598028
2200.0 .812411221 .831843269 .878759493 -.905853192
2300.0 .822168~35 .840963206 .886277033 -.909755878
2900’O .866487285 .882160185 •919653574 -.927733359
3400.0 .891173985 .904904750 .9376080*2 -.938023854
3900.0 .909220714 ,921421539 -.945749686 -.9145749686
4400.0 .922894263 ,93386~ 937 -.95 17 63202 •.95j 763202
4900.0 .933552596 .943509751 -.956576786 ..956576736

•1 5400.0 .942054168 .951167160 -.960516959 -‘960516959
5900.0 •9489658~ 7 ,95736~ 324 -.963801641 -.9638036 141

- - 

-
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TABLE C-i. ATMOSPHERIC TRANSMITTANCE (page 12 of 16)

BASE LINE 75,QO00~

El. 1000.00000
RvR I. 20000.0 Is 10000.0 I~ 2000.0 1 400.0

50.0 .000000009 .000000027 .000000300 .000003357
100.0 .000275598 .000463499 ‘0015498C3 ‘005182080
150.0 •006352466 .008983743 ‘020088261 .044918717
200.0 .027919704 .036207376 .066208051 .121066659
250.0 .065294207 .080386598 .130279071 .211137636
300.0 .112716155 .134042854 ‘200440818 .299728933
350.0 .164478144 .1.90815928 ‘269397717 .3803410146
400.0 .216691388 .2*6765690 .333688816 ‘451230583
450.0 .267108596 .299819262 .392061801 ‘512683726
500.0 .314591023 .349060595 e444371631 .565707356
550.0 .358669679 .394225043 .490973781 .611466111
600.0 .399255201 .435390884 .532415368 .651063228
650.0 .436461197 .4728O~614 .569285673 .685457669
700.0 .470500973 .506773316 .602148387 .71.5472632
750.0 .501628807 .537632443 .631513252 ‘741787429
800.0 .530107502 .565699132 .657830416 -.761919348
850.0 .556191207 .591269652 .681489883 -‘774204215
900.0 .580117008 .614612560 .702827800 -.785290284
950.0 .602101469 .635967926 .722132773 -‘795343890
1100.0 .658259108 .690116290 .770355986 ..820570005
1200,0 .689055242 .739562323 .795708579 -.834204769
1300.0 .715660504 .744859163 .817333609 -‘845918ó83
1400.0 .738811210 .766761121 .835804885 ..856090011
1500.0 .759091684 .785860995 .851714878 -.865004037
1600.0 .776968724 .802628022 .865522848 ..8728799j6

• 1700.0 .79281.8051 •8j7436949 .877589011 -.879888751
1800.0 .806944437 .830589714 -.886166059 -.886166059
1900.0 .819597018 .842331676 -.891820548 ..893.820548
2000.0 •830980975 .852863848 -.896940431 -.896940431
2100.0 .841266506 .862352188 -‘901598028 -‘901598028
2200.0 .850595755 .870934706 -.905853192 -‘905853192
2300.0 .859088203 .878726960 -‘909755878 -.909755878
2900.0 .897206050 .913434587 -‘927733359 -.927733359
3400.0 .91.8052462 .93219~357 -.938023854 -.938023854
3900.0 .933082048 •945603068 -.945749686 “945749686
4400.0 .944330445 -.953~~6~202 -.951763202 -‘951763202
4900.0 .953000833 -.956576786 -.956576786 •.956576786
5400.0 .959845306 -.960516959 -‘960516959 ..960516959
5900.0 -.963801641 -.963801641 -.963801641 -.9638016*1

- 
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TABLE C-i. ATMOSPHERIC TRANSMITTANCE (page 13 of 16)

p

• BASE LINE 60.00000 
— 

El. 26.00000
RVR I. 20000.0 I. 10000.0 I• 2000.0 1 400.0

50.0 .000000005 .000000011 .000000076 .000000523
100.0 .000158930 .000240893 .000632711 .001661833
150.0 .004058291 .00535~947 ‘010193967 .019405785
200.0 .019308238 .023525001 .038125948 .061789069
250.0 .046934622 .055429444 .081563025 .120017929
300.0 .084058881 .096558298 ‘133224348 .183813584
350.0 .126231488 .142158504 .187325230 .2468142367
400.0 .170184234 .188831230 ‘240391620 .306030579
450.0 .213802808 .234504260 .290634213 .360199196
500.0 .255854973 .278046518 .337282542 .409338419
550.0 .295694831 .318921185 .380132185 .453091500
600.0 .333041076 .356944587 .419273874 .492487034
650.0 .367829332 .392133317 .454939924 .527806044
700.0 .400118833 .424611316 .487419925 .559519199
750.0 .430035039 .454554794 .537015833 .588059734
800.0 .457735042 .482160258 .544019117 .613814172
850.0 .483387105 .507626443 .568700089 .637123638
900.0 .507158881 .53j14~i516 .591303843 .658277031
950,0 .529210928 .552893169 .612049712 .677535682
1100.0 .586491203 .609089791 .664977509 .725993268
1200.0 .618517369 .640329337 .693987902 .752142969
1300.0 .646562576 .667581443 .719058807 ‘774505603
1400.0 .671269736 .691509822 .740890815 .793798123
1500.0 .693161321 .712648739 .760036275 .810574844
1600.0 .71.2663194 .731430313 .776934363 .825269330
1700.0 .730124138 .748206186 .791937347 .838224506
1800.0 .745831435 .763264418 .805330259 .849714477
1900.0 .760023153 .776842599 .817345677 .859960506
2000.0 .772897789 .789138015 .828174902 .869342857

• 2100.0 .784621858 .800315558 .837976484 .877409642
• 2200.0 .795335869 .810513920 .846882769 .884883536

2300.0 .805159058 .819850450 .855004970 .891666888
2900.0 .850198041 .862478558 .891681498 .921873230
3400.0 .875634655 .886411201 .911947842 .938220169
3900.0 .894439236 .904028397 .926692093 .949923960
4400.0 .908835314 .917466357 .937824463 .958634305
4900.0 .920165900 .928009060 .946479109 -.965107898
5400.0 .929286417 .936471073 .953368285 -.968286841
5900.0 .936765695 .943392241 .958959950 p.970934938



TABLE C i. ATMOSPHERIC TRANSMITTANCE (page 14 of 16)

BASE LI’~JE 60.00000
• a

El. 260.00000
RVR ~. 20000.0 I. 10000.0 I• 2000.0 I’ 400,0

50.0 .000000076 .000000174 .000001202 .000008293
100.0 .000632711 .000959030 .002518867 .006615875
150.0 .010193967 .013451020 .025606087 .048745128
200.0 .038325948 .046938548 .076071267 .123285401.
250.0 .081563025 .096325334 .141740293 .208567256
300.0 .133224348 .153034589 .211 146362 .291324899
350.0 .187325230 .210960631 .277987229 .366309578
400.0 .240391620 .266731202 .339562388 .432279683
450.0 .290634213 .31877~865 .395075475 .489639078
500.0 .337282542 .3665 .~ 697 .444624983 .539349478
550.0 .380132185 .409990957 .488681309 .582474375
600.0 .419273874 .449366611 .5278~

4534 .620004442
• 650.0 .454939924 .484999661 .562680343 .652802865

700.0 .487419925 .517256373 .593769061 .681599525
750.0 .517015833 .546495062 .621589748 .707003303
800.0 .544019117 .573048540 .646567932 .729519511
850.0 .568700089 .597217427 .669069960 .749567228
900.0 .5913038143 .619269040 ‘689409666 .7671494671
950.0 .61.2049712 .639438997 ‘707855470 .783592132
1100.0 .664977509 .690600319 .753967128 .823348229
1200.0 .693987902 .71.8461333 .778667234 .843918292
1300.0 .719o5a8o7 .7~ 2~ 3~427 .799683722 .861347525
1400.0 .740890815 .763230111 .817732678 .876127295
1500.0 .760036275 .73140~8o4 .833363204 .888777642
1600.0 .776934363 .797393985 .847001794 -.896940431
1700.0 .791937347 .811550243 .858983738 -.902697444
1800.0 .805330259 •82k15~961 .869575611 -.907845802
1900.0 .817345677 .835433681 .878991585 -.912477112
2000.0 .828174902 .845576617 .887405396 ..916665488
2100.0 .837976484 .854737363 .894959248 -.920471535
2200.0 .846882769 .863044532 .901770499 -.923945288
2300.0 .855004970 .870606880 .907936752 ..927328425
2900.0 .891681498 .904561214 .935189044 -.941756339
3400.0 .911947842 .923171299 .949766963 -.950103912
3900.0 .926692093 .936627032 -.956359033 ..956359Q33
4400.0 .937824463 .946730812 -.961220728 -.961220728
4900.0 .946479109 .954546554 -.965107898 -.965107898

• 5400.0 .953368285 .960739127 -.968286841 -.968286841
5900.0 .958959950 .96574~496 -‘970934938 -‘970934938
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TABLE C-i. ATMOSPHERIC TRANSMITTANCE (page 15 of 16) 

• El . 2600.00000
RVR I. 20000.0 1. 10000,0 i• 2000.0 1. 400.0

50.0 .000001202 •000002762 .000019052 .000131.432
100.0 .002518867 .003817889 .010027792 .026338274
150.0 .025606087 .033787434 ‘064319582 .122442225
200.0 .07607 1267 .093654715 .151782132 .2459867 14
250.0 .141740293 •167394246 •246316398 .362448350
300.0 .211146362 .242S4~479 

.334644432 .461718849
350.0 .277987229 .313061735 .412527986 .543596743
400.0 .339562188 .376767838 .479644339 .610611282
450.0 .395075475 .433328650 .537048372 .665594010
500.0 .444624983 .48318~470 .586129880 -.706063112
550.0 .488681109 .527066225 .628226801 -.728760828
600.0 .527834534 .565719046 .664504308 -.748231985
650.0 .562680343 .599858929 .695936213 -.765113362
700.0 .593769061 .630115461 .723322293 ‘.779885934
750.0 .621589748 .657031577 .747315247 .‘792919348
800.0 .646 567932 .681069467 .768447428 -.804502 136
850.0 .669069960 .702620323 .787154108 -.814862675
900.0 .689409666 .722014692 .803792658 -.824184000
950.0 .707855470 .739532072 .818657957 -.832614480
1100.0 .753967128 .783018872 -.853674896 —.853674896
1200.0 .778667234 .806126874 -.865004037 -.865004037

• 1300.0 .799683722 .825680348 -‘874707587 -.874707587
1400.0 .817732678 .842388906 -‘883111507 -.883111507
1500.0 .833363204 .856792233 -.890460189 -.890460189

• • 1600.0 .847001794 .869306556 -.896940431 -.896940431
1700.0 .858983738 .880257086 —.902697444 -.902697444
1800.0 .869575611 .889900977 -.907845802 -.907845802
1900.0 .878991585 .898443824 — .912477112 — .912477112
2000.0 .887405396 .906051669 -.936665488 -.916665488
2100.0 .894959248 .912859873 -‘920471535 -.920471535
2200.0 .901770499 .918979731 -.923945288 -.923945288
2300.0 .907936752 .924503485 -‘927128425 -.927128425
2900.0 .935189044 ..941756309 -.941756309 -.941756309
3400.0 .949766963 -.95Q10~912 -.9501.03912 -.950103912
3930.0 ‘.956359033 •.956359033 .956359033 -.956359033
4400.0 -.961220728 ..961220728 -.961220728 -.961220728
4900.0 -‘965107898 -.965107898 ‘.965107898 -.965107898
5400.0 -.968286841 ‘.968286841 -.968286841 -.9682868*1
5900.0 -.970934938 ‘.97O93~938 

-.970934938 -.970934938
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TABLE C-i. ATMOSPHERIC TRANSMITTANCE (page 16 of 16)

BASE LINE 60.00000

ET. 2.00000
RVR 1. 20000.0 ~

z 10000.0 I~ 2000.0 1 400.0

50.0 .000000000 .000000001 .000000003 .0~ 0000O24100.0 •000034107 .000051696 .OCC1’35781 .0~0356633150.0 .001454675 .001919455 .003653978 .006955939
200.0 .008851.923 .010897996 .017661909 .028623889
250.0 .025359864 .029949813 .044070393 .064848468
300.0 .050326292 .057809729 .079761798 .110049718
350.0 .081321613 .091582212 ‘120679793 .159022283
400.0 .115831804 .128523434 .163616772 .208292351
450.0 .151875466 .166580805 .206452886 .255868580
500.0 .188070~92 .234382760 .247925193 .300744061

H 550.0 .223523217 .241.080607 .287351553 .342503349
600.0 .257693501 .276189056 .324416897 .381.066232
650.0 .290282476 .309462623 .359028158 .416532429
700.0 .321150154 .340808726 .391221235 .449090776
750.0 .350258251 .370229290 .421103038 .478967422

1 ’ - 800.0 .377631.670 .39778~4B8 .448816081 .506397342
850.0 .403333008 .423558051 .474517245 .531607451
900.0 .427445889 .447661568 .49836531.8 .55481.1957
950.0 .450064218 .470204636 .520513959 .5762061.04
1100.0 .509918720 .529566829 .578157828 .631207350
1200.0 .544069941 .563256526 .610456514 .661611785
1300.0 .574377995 .593050239 .638780485 .688037000
1400.0 .601.390604 .61.9523698 .6637641.33 ‘71.1.1.63794
1500.0 .625570970 .643158164 .685924929 .731.535467
1600.0 .64730871.6 .6614354803 .705685923 .749588353
1700.0 .666931.237 .683448267 ‘723394457 .765675421
1800.0 .684714049 .700718481 .739337223 .780084363
1900.0 .700889678 .71.6400490 .153752232 .793051422
2000.0 .715655090 .730692525 .766838245 .804772032
2100.0 .729177820 .743762550 .778762227 .815408905
2200.0 .741600981 .755753566 .789665243 .825098583
2300.0 .753047361 .766787894 .799667135 .833956232
2900.0 .806256068 .817901874 .845595477 .874226767
3*00.0 .836883716 .847183349 .871589874 .896699528
3900.0 .859831303 .869049437 .890836222 .9131.69194
4400.0 .877596852 .885931230 .905589588 .92568415*
4900.0 .8917148~6 .899316531 .917214496 .935469732
5*00.0 .903176109 .910158897 .926581344 .943300111
5900.0 .912646811 .919102744 .934269632 .949686800
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APPENDIX D

SIMULATOR SOFTWARE

A complete listing of the simulator sof tware is included in this
appendix. The software was specifically written for a configuration

consisting of a PDP-ll/lO 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-ll instructions , a

brief software description, typical teletype I/O, estimates of the

processor time requirements for an RVR update, and comments on the pro—
• grain size.

D.1 SOFTWARE DESCRIPTION

RVR VISIBILITY PROGRAMME

CALCULATES RVR FOR A GIVEN BASE LENGTH. 1RRHSMISSIVTTY OF A TRANS-

• IIISSONETER, RUNWAY LIGHT INTENSITY At—iD P’LOT S VISUAL LUMINANCE
THRESHOLD. USES ALLARD S AND KOSCHF1IEDER S L~L’S I N  CALCULATING
RVR .VARIOLIS PROVISIONS OF THE PROGRAMME ARE AS FOLLOWS :

PARA METE R LIST

LIST IS INPL’T FROM TTY KB AND CAN BE INPUT ANYTIME DURING
THE PROGRAMME FLOkI WITH THE HELP OF E’-EC LITIVE PROC,RAIIIE.LIST
IS AS FOLLOWS :

SCALE : SCALE IN INTE&ER ARITHMETIC =2i~ SCALE
-

• EXITSC: EXIT CR ITERIAN IN ITERATIVE ROUTINES IS—-
EXIT IF CHANGE IN PVR PVR’2t~?EXITSC

BASE : BASE LENGTH OF TRANSFIISSOMETEP. IN FT.
• PPATE : MAX. PULSE RATE . IN PULSES’SEC

TiJ: TI ME LJIN D 0W~ IH SECS.DURING WHICH PULSES ARE COUNTED.
INMODE : INPUT MODE IN DATA LIST DESCRIBED BELOIJ.

I N I~~DE=0:DATA LIST INPUT FROM TTY i~B
IHMODE-1:DATA LIST INPUT FROM INTERFACE.

DATA LIST: INTSTY.ET4IPULI.NPUL2
IT IS ASSEMBLED FROM TTY OR INTERFACE DEPENDING ON THE
FLAG INMODE.ASSEM8LY IS DESCRIBED BELOW.
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IT? MODE :

INTSTY: RUNWA Y LIGHT INTENSITY • IN CANDLES
ET: PILOT S VISUAL ILLUMINANCE THPESHOLD.rIILE—CANDLES .
NPUL1: PULSE COUNT FOR T R. 1.
MPUL2: PULSE COUNT FOR TP .2 .

INTERFACE NUDE:

INTSTY:ASSEMBLED BY CHECKING POSITION OF RUH~~YLIGHT SETTI NG SWITCH.
P03 . INTENSIrY.CA MPLES
I 400
2 2.000
3 io.ooa
4 20.000

ET: ASSEMBLED BY CHECKING B~- G ILLU M IN AN CE
SWITCH SETT !N .
POS. ET .MILE—CAND LES
1 2 NIGHT.
2 26 !NTE P~ EDIATE
3 260 MOPM ~L r~-• 4 2600 BRIGHT 114

NPUL1: PLIPSE COUNT ACCUMULA1 ED ~U~~i~IG TM ~ECS.
• PULSE RATE DEPENDS ON SWI TC H SETTI NG.

PUS . FRED. ‘-SEC
0 10000
1 100
2 50
3 25
4 12.5
5 6 .25
6 3.125
7 1.00
8 0.50
9 0.167

NP UL2: PULSE COUNT FROM PRESE T COUNT TPANSH1SSO t 1E TEP
RSELCT : RUN WA Y SELECTOR SWITCH P O S I T I O N  SETTI NG FOR

STROB I NO CORPESPOND I HG RVR OH VI SUAL DI SFLAY.

NOTE—— IN INTERFACE MOPE A PROV ISIN IS MADE IN
- 

- SOFTWARE WHEREBY ONE CAN MAK E CHANGES IN YA P IOUS
SWITCH SETTINGS AT APPROPRIATE RIJNI TIr-1E .FOR EX..
PULSE RATE SWITCH SETTING C~ N BE CHANGED IN
BETWEEN TIME IIJINDOIJS.UHEN & SYMBOL IS PRINTED ON
TTY.PROGPAMME GOES INTO STALL MODE WAITING FOR
ANY INPUT FROM IT? KB TO RESUME PROGRAMME

• FLUW .ALSO A RESET SWITCH IS PROVIDED FOR MAKING
CHANGES IN INTENSITY SWITCH SETTING OR B/G ILLUN—
INANCE SWITCH SETTING . UNLESS RESET SWITCH IS IN
POSITION 0. PROGRAMM E GOES INTO STALL ItDE .

OUTPUT PROVISIONS

( l)RVR FOR THE TRANSIIISSOMETER SELECTED BY RUNWAY SELECTOR
• SWITCH IS SHOWN ON VISUAL LEL’ DISPLAY EITHER EVERY TIME

NEW RVR IS CALCULATED FOR THAT RUNWAY DR RUNWAY SELECTOR
SWITCH POSITION IS CHANGED.LAITE R ACTION DOES t-IOT
INTERFERE WI TH TH CALCULATIONS THAT MAY BE UNDER PROGRESS. . -

(2)RVR AND RELEVANT DATA ARE PRINTED ON TTY ONCE EVERY TIME
WINDOW.

(3)A PROVISION IS MADE FOR DIAGNOSTIC PRINTOUT OF INTERMEDIATE
RVR ITERATE VALUES DURING ALLARD’S LAW CALCULATIONS . iF —

FLAG DIA GNOIS OTHER THAN :ERO.FLPG DIAGHO IS ENTERED ~~~~~~
TTY KB DURING PAPAI1 ETER INPUT MOOF .
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CALCULATION OF RVR

RYR IS CALCULATED IN INTEGER AR ITHMETIC USING ALLA PD S AND
KOSCHJIIEDER S L.AWS.F OR ALLARD ’S LAW PROVISION IS MADE FOR THREE

N DIFFERENT ITERAT IVE ALGOR ITFINS DEPENDING UPON FLAG UODNR .
MODNR~@ NEIJTON-RAPHSOFI METHOD

=1 MOD. NEWTO N-RAPHSON METHOD
HALLEY’S METHOD

NORMALLY MOD NR~B.IF OTHER METHODS ARE TO BE USED~
CORRESPONDI NG VALUE FOR NUDNR HAS TO BE ENTERED FROM
SWITCH REGISTER IN APPROPRIATE MEMORY LOCATION .

MON ITORING PROVISIONS

• MON ITORING OF THE PROGRAMME CAN BE DONE DURING
RUNTIr’E DIRECTLY BY ISSUING MONITOR COMMANDS
FROM IT? KB.THE MONITOR COMMANDS PROVIDE FOP:

—SETTING THE TIME—OF-DAY AND DATE-OF-DRY
FROM IT? KB ANYTIME WITHOUT DIS~ UPTIt- iG THE
RUNNING OF THE VISIBIL iTY PROGRAMME .
ONCE SO ENTERED BOTH TIME At~D PATE APE UPDATED
INTERNALLY AS LONG AS C OM PUT EP IS PLINNING.
ALSO THE TIME AND THE DATE OF THE DAY CAN
BE PRINTED ON TTY ANYTIME WITHOUT DISRUPT—
1MG THE FLOE OF VISIBILITY PROGRAMME .

—THERE ARE THREE SEPARATE SOFTWARE CHECK-OUT
PROVISIO NS FOR ALL THE THREE SOFTWARE
MODULES .V I2.

TI? I/O AND EXECUTIVE PACKAGE
AR ITHMETIC PACKAGE
V I S I B I L I T Y  PA CKAGE

AS EXPLAINED ABOVE •FOR THE LAST PACKAGE .
TI-IERE ARE PROVISIONS FOR :

ENTERI N G THE APPROPRIATE DATA LIST
FROM IT? TO SIMULATE INTERFACE INPUTS.

CHANGING THE BASIC PARAME TER LIST FOR
R~~ SYSTEM FROM IT?.

THREE DIFFERENT ITEPAT IVE ALGOR ITHMS
FOR RVR COMPUTATION FROM ALLARD S LA’ .

DI A GNOSTIC PRINTOUT TO CHECK THE RVP
ITERATES IN THESE ALGORITHMS.
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TYPICAL TELETYPE I/O

Typical teletype I/O is shown in Table D-l. The entries from the

keyboard are echoed on the teletype and are underlined in the printout.
The printout shows :

(1) Input data list which selects the scale factor, exit scale
factor , diagnostic mode flag, initial RVR guess, transmis-
someter baselength, maximum pulse rate (for tb = 1), the

length of the time window in seconds , and the input mode
for the data list.

• (2) Data list inputs from the teletype including the runway-

light intensity , visual-illuminance threshold , and simulated

pulse counts from the transmissometers.

(3) Diagnostic printout of intermediate values of RVR, function
f(v), and the increments in RVR during iterative solution

of Allard ’s Law.

(4) Printout of the input data and the appropriate RVR values.

TABLE D-l. TYPICAL TELETYPE INPUT/OUTPUT PRINTOUT

scAL E- Le
EXITSCaJ.~~ DIAGN O J4. VI 1000 - . 8ASE—~~
PRATE- 1000. TWI.~~~~~ DIIIODE—Q

INTST Y [ ~000a ~~~~~
JPUL1 7632, NPUL2 9280 k

F(V) DELV
+01525 -01064 +00525
+01734 -00351 +00209
+01787 —00085 +00053
+01798 -00013 +00011
+01801 -00005 +00903
+01801 -00001 +00000

V F(V)  D~~.V
+02377 -01789 +01377
+03829 -01025 +01452
+94592 -00414 +90763

• +04841 -09124 +00249
+94994 -00032 +00063

• +04920 -00008 +00016
+04924 -00002 +00994
+04926 -00001 +00002
+94926 +00000 +00000

ET I NPIL1 RVRI NPLL 2 RVR2
+00026 +10009 +07632 +01801 +09280 +~ 49Q6
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D . 3  PDP-ll  — INSTRUCTION SET

A brief repertoire of the PDP-ll instructions is reproduced from

the PDP-ll handbook.

INSTRUCTIONS

Con~ fton
tnutrucftofi Codes

• Unamenic Operation OP Cc~s ZNCV Tlmlr~

oou.tt OPIRANO GROUP OPR icr. dat
MOY(S) MOVe (Byte) •1$SDD ~

‘ i/ —o 2.3
(src) -. (dat)

CMP(B) CaMPu S (Byts) .255D0 V p’ p~ i/ 2.3’
(i.rc) — (dat)

BIT(S) Bit Test (Byte) .3SSOD ,f i/ —o 2.9’
(arc) A (dbt)

• BIC(B) Bit CI..’ (Byte) 4SSDD p’ p1’ —O 2.9
— (sic) A (dat) -. (dat)

BIS(S) Bit Set (Byte) 5SSDD pf pI —o 2.3
(src)v

• ADD ADD O6SSDD p1’ p’V p’ 2.3
(srC) + (dat) -, (dat)

SUB SUBtract I6SSOD p1 pf V if 2.3
(dat) — (sic) -. (dat)

cONDITIONAl. S ANCHEL Bu loG
BR BRanch (uncondItIonally) 0004XX — 2.6

kic -. (PC)
BNE Brani h if Not Equal (Zero) OOIOXX — 2.6—

loc —, (PC) 1fZ 0
- • SEQ Branch if Eqt~al (Zero) OOI4XX — 2.6—

loc —e (PC) i tZ = l
ROE Branch if Greater or Equal (Zero) OO2OXX — 2.6-~IcC-. (PC) iIN V V= O )
BLT Branch it Less Than (Zero) 0024XX — 2.6 -

b c - .  (PC) if NV V =  1
ROT Branch if Groat.,r Than (Zero) OO3OXX — 2.6

b c -. (PC) if Z v (N V V = 0)
SIC Branch if Less Than or Equal (Zero) 0034XX — 2.(. —

loc -. (PC) i fZ v ( N V V ) = 1
BPI. Branch if PLus 1000XX — 2.6—

boc -. (PC) i f N= O
BMI Branch If Minus IOO4XX — 2.6

b C  -, (PC) if N = I
BHI Branch if Higher 1OIOXX — 2.6 —

• toC -. (PC) if C v Z~~~O
BIOS Branch if LOwer or Same IOI4XX — 2 6 —

b c  -. (PC) if C v Z = 1
BVC Branch if oVerflow Cbejir IO2OXX — 2.6—

b c  -. (PC) If V =0
BVS Branch if oVeullow Set 1024X X — 2.6 —

• loc -. (PC) ifV l
BCC Branch if Car,y Clear IO3OXX — 2.6—
(or SHIS) oc -. (PC)ifC O
BCS Branch if Carry Set 1034XX — 26
(or 910) b c  -‘ (PC) if C = 1

SUBROUTINE CALL~ ISP rag, dat
JSR Jump to SulRoutine OO4RDD — 4.4

(dst)-. (trnp), (reg) .~.• (PC) .-. (reg), (tmp) -, (PC)

SUBROUTINE RETURN: fiTS rig
RTS ReTurn from Subroutine 00020R — 3.5

(rig) -. PC. ~ 
(regJ

I—ill
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SINGLE OPERAND GROU~ OPE dst
CLR(B) CLeaR (Byte) .05000 1000 2.3

0-. (dst)
COM(B) COMplainant (Byte) .05100 i/i/CO 2.3

• • (dat) .. (dat)
INC(B) INCrement (Byte) .0520D i/ if-—if 2.3

(dst)+1-. (dat)
DEC(S) DECrement (Byte) .05300 p’p’—if 2.3

• (dat) — 1 -. (dat)
NEG(B) NEGatti (Byte) .05400 if,’ V p’ 2.3

— (dst) + 1-. (dat)
ADC(B) ADd Carty (Byte) .05500 i /i / i f,’  2.3

(dat) + (C) -. (dst)
SBC(B) SuBtract Carry (Byte) .05600 i/if,’ if 2.3

(dst) —- (1.) —‘ (dat)
TST(B) TeST (Byte) .05700 ,/ p100 2.3

O — (dat )
ROR(B) ROtate Right (Byte) .06CDO 

~‘ ~
‘ if i/ 2.3

rotat, right 1 place with C
ROt (B) ROtate Left (Byte) .06100 i / i // i f  2.3.

ro late left 1 place with C
ASR(B) Arithmetic Shift Right (Byte) .06200 if ~ if if 2.~~

• shift right with sign istenslon
ASL(B) Arithmetic Shift Lait (Bite) .06300 i /i / i / i f  2.3

• shift left with bo.oldsf zSro
JMP JuMP 000100 — 1.2

(dst ) -. (PC)
SWAB SWAP Bytes 0003DD if p100 2.3

bytes of a word are exchanged

CONDITION CODE OPERATORS: OPR 1.5

Cond i~ on Code Operator 3 set or clear combinations of condition code bits.
Selccted bits are set if S = 1 and cleared otherw isa. Condition code bits cor~
responding to bits set as markad In the word below are set or ct.ared.

cOwJu TiON COOt ~~ER&TORS

• •°i ° ‘ , d J s I N I z I v l d I
I u I • i

$5 a .  s a t  o
Thus SEC = 000261 sets the C bIt and has no effect an th. other condition
coda bits (CLC = 000241 clears the C Bit)

OPERATE GROUP OPR
HALT HALT 000000 — 1.8

processor stops ; (RO) and th* HALT address In lights
WAIT WAIT 000001 — 1.8

processor releases bus, waits for Interrupt

RTI ReTu rn f rom lnteirupt O YXX~2 ‘ ‘ ‘ • 4 b

f (PC). 
~ 

(“s)
lOT Input Outp Ut T,~p (Aw~.~4 I p p p- 9 3

(
~ )1. (PC) 1,. (20) • (PC ) l~’2 • (Pbi

RESEE RE SET ~~~~~~~~~~ 
—

an It-fIT puisi is issued by ih* CP

(MT EMulator Trap 1040n0~— 104377 , , , ,‘ 9 3
(PS) j,, (PC) 1 (30) —• (PC). (3~’I • (PSi

TRAP TRAP 1U4400— 14471? p • 9 3

(P$) 4 ,(PC) 1 ‘34) -.(PC). (M.l .(P5)

NOTATION:
1. for order codes

— wor df byte bit. set fo r byt e (. 100000)
SS—source f ield .
DD___desl ufl at 0fl f ield
XX—off set (8 bit)

2. fo r operations
A and,
V or .

— not.
( ) conte nts of.

V XOR..
~~ pushed onto the processOr stack”

“the content s of the tap of thi processor stack ~
.

popped and becomes’
* ‘~become$”

• 3. for tIming
• 0.4 ia less if not register mode
— 09 us less if cond it ions for branch not met

• I 2 us mon if address ing odd byte
(06 us add itional In addressing odd bytes otherwise)

4. far conditioft codes
p1’ set conditionally
— not sflectsd
O cleared
*
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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 (5)

No Description Integer Floating-Point
Arithmetic Arithmetic

Allar d ’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/O operations and the

related format conversion functions ; and EXEC provides the control by

1—113
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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/O

• EXEC 165 Executive

TOTAL 1754
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D.6 SIMULATOR SOFTWARE

.D iA~ ~~ST ~3 t O ! f  YTY Po!:,!;Pp!u!IE

;SUBROUTINES: -

;VI Sl~~: MA IN PROGRAr1~~
CALC :

;ITER:
• ABOVE TWO SUPPLY NEW RYR VALUES

:FOLLOUIMG SERVICE OUTPUT PROVISIONS
;OUTPUT: GENERAL ROUTINE
;OUTATC: FOR VISUAL DISPLAY
~OUTREC: TO TTY FOR RECORD

• :STROBE:
~DISPLfl :

• . OUTSTR:
ABOVE THREE APE ALIX ILLIRRY OUTPUT ROUTINES

~FOLLOWIHG SERVICE INPUT PROVISIONS
:INPUT: GENERAL ROUTINE
~TTYDRT: DATA FROM TTY
:INTFA C:DATA FROM INTERFACE USING SLIBROUTINES—

TRIM: DATA FROM TRAMS MISSOMETER COUNTERS

RINTIM: RUNWAY LIGHT SETTING
BGILIN: B/G ILLUM!NRNCE AND RUNWAY SELCTOR

SETTI N G
;TTYPAR:PRRAMETER LIST FROM TTY

~LYSEPV:I-EEP3 TRACK OF TII1E (HR,MIN.SEC,ARCSEC)~ DAY
(DAY ,MONT H,YEAR ) .ST RRT AND STOP PULSE COUNTERS.
AND CHECI(S RUNWA Y SELECTOR SWITCH SETTING EVERY
ONE SECOND. -

:RUNWAY VISUAL RANGE PROGRAIIIE
• ~~~~~~~~ RO=~~

@

OOD@ø 1 R t ~~ 1
D@~ t3~ 2 R2=~ 2
@@~~@3 R3=Y.36Ern004 R4~~~4
O~OOO5 R5~ .5
OO~OO6 SP~ Z6
oooes~’ PC~~?

• CLOBL LSH IFT. SC,~LE. DIV.  MIJLT. SCA LOG. PSH IFT. MONDAY

.GLOBL

.GLOBL GETCHR.GETNUN. ICR. ICABUF . INIT.rIESS,PIJTtHR. INBUF

.TITL E VISIB
O~~~~’@
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PAGE ~@ 1

005600 . ~56B@

@05600 @0506? CA LC: CLR ITRANS
@02750

@05604 016700 MOV INTSTY~R0
@02674

005610 004567’ JSR R5.SCALOG
000000

@05614 010002 MOV R@.R2
005616 016700 MOV ET.R0

002664
005622 004567’ JSR R5.SCALO~ ;LOG(ET)*2**S

808000
805626 160200 SUB R2 .R0 ;24+S*C LOG(ET) —LOG(INTSTY) )
005630 006208 ASR P0 :DIVIDE BY 2
005632 166700 SUB L5280 .R8

00 2764
005636 @10067 MOV R@,CA IK

• 002732
005642 816700 CALBACK: MOV ITRRNS.R0

002706
005646 006300 ASL R0

• 005650 016000 NOV NPUL(R0),R0
010606

• 005654 004567 JSR R5.SCALOG :2**S*LOG(NB)
000000

@05660 166700 SUB LOGNBM.R0 ;2~~S*L@G(TB)
002712

• 005664 018067 MOV R 0 .C A I B
002702

005670 016700 MO~L ITRANS.R@
002660

0056 ’4 006300 RSL R@
005676 016067 NOV VSTORE (R@) .V

010602
002674

005704 0 16767 MOV VIMIT. V
002702
002666

005712 004567 JSR R5,ITER ~SU PPL IE S NEW RVR
000032

005716 016700 MOV ITPRNS.R@
002632

005722 006300 ASL RO
@05724 016760 NOV i~.VSTOR E(R0) ;STOPE NEW RVR

002650
010602

805732 005267 INC ITRANS
002616

• 005736 026727 CMP ITPANS.e~4TRANS
0025 12

@00882
005744 002736 OLT CALBACK ;NO,GO BACK

000205 R15 R5
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PAGE ~ @2

ITER
IES NEW

005750 @ 12767 ITER :MOV *1.NOITE R
@0000 1
002600

605756 024567 ISP P5.DPPNT 1 :DIR~ NOSTIC PRINT ROUTINE
000414

885762 016708 ITEPLUP: NOV V.R0
002612

~2**5*LOG(V)
380000

305772 010067 MDV P0.IT IV :STORE
• 002572

005776 016700 MOV V .R0
082576

• 006002 016702 MDV CAIB.P 2 :Vrl_Q~~rT~~ ?2k~S
032564

006006 084567’ iSP P5.MtJLT
000000

0~ 6012 016 ’02  NOV
002464

• 
- ~~~~~~ C2~ 332 ~SL P2

006020 0045E” JS~ R5.D:V ;Rl = -t~LOGcTB)*2*~4’3,CBASE*2)• 000000

0P6024 160167 SUB R1.ITIV
540

- ;  026030 3 6767 ~DD CR !K .ITIV ;ITI’1’=CAIV+ITIV-P1
032540
202532

!~0603 6 .~l6780 MDV M~G SCA.P3 ;M ~ G 2 ~- -~3
032555

006042 168 103 SU~ R1,R0 ;2-~~3—lrI V
086044 810057 NOV R0.DUN :DuJt1.2~ * S— I T I V

002516
006050 005767 TST IIODNP

@02554
006054 301433 BEO ITEP1O IS A FLAG TO DECIDE IF MOD.

~N-~ IETHOD IS TO BE USED
- • ~FOLL0t.JIiiG CALCULATIONS APE FOR f IGO . U—P METHOD

006855 0t6700 NOV MAGSCA,P0 :2* t-S

302536
006062 016702 NOV IT IV. P2 ;F(V *2* 5

6~6~366 ~J ~i4~~~~” iSP P5.IIULT
000030
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PAGE 003

006072 016702 NOV DUM.R2 :F’CV)*V*2**S
- :  002470

006076 064567 ’ JSR R~ .DIV ;2**S*F*(2’Ic*S),(2**S*F’*V)~ Ri
@08800

006102 026727 CUP IIODNR.*1 ;t1ODNR~~1:MOD. H—R METHOD
002522
@0000 1

~ 2:HRLLEY ’ S METHOD
006110 @8148 1 8E0 ITER1I

086112 00620 1 ASR R I  ~D I V I D E  BY 2

086 114 016780 IrER11: NOV DUII.R@
@024~~

006120 006200 RSR P0
006122 020100 CUP R1,R0 ;R1<DUM/2?
006124 003004 BGT ITER8 ~IF NOT JUMP
006126 005400 1-lEG R@

- 

- 006130 020100 CUP R1,R@ ~Ri>—DUM/2?
006132 002401 BLT ITER8 ;IF NOT JUMP

-
. 006134 00040 1 BR ITER9

006136 010001 ITERB: NOV P0.R1 :SET THE APPROPRIATE
;VALUE FOR R I

006140 060167 ITER9: ADD R1.DUM :REV!SE DUN
0132422

;END OF SPECIAL CALCULATIONS FOR MOD.
~N-R METhOD

006144 016700 ITER1B: NOV V .R@
002430

006150 016702 NOV ITIV.R2
002414

006154 @64567’ JSR R5.NULT ;(R0,R1)=V*ITIV
00000 0

006160 016702 MOV DUM.R2
@02402

006164 00456?’ iSP R5.DIV ;R1=DELV~V*IT IV/DUM
000000

006170 00570 1 1ST Ri

006 172 @16700 NOV V .R@
@02462

O%176 160100 SUB R1.R6 ~VHEW~V— DELV
@06260 020027 CUP R0.*VMA X ;VNEU< \’TIAX?

@13560
006204 663402 BLE ITERI ;YES.SKIP
006206 012700 MDV *VMAX,R8 ~VNEW=VMflX

013568
606212 026027 ITERI: ClIP R0.*VMIN

000062
006216 802082 GGE ITER2

1—118
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PAGE @04

086220 @12780 NOV *‘MIN.R8 ~VHEW-V MIN IF VNELXVIIIH
@88062

006224 010067 ITER2: NOV R0 .V ;W~~EW

002350
006230 016762 NOV rEXIT.R2

@02372
@06234 006200 ITER3:ASR P8
006236 005362 DEC P2
006240 001375 BNE ITER3
006242 805700 1ST P8
006244 186062 BPL ITER4

1-119
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@06246 012700 IIOV*1,R6 ;EXITa 1.IF V’2(*rEXITIS ZERO OR
80000 1

LESS THAN ZERO
086252 005701 ITER4: TST Ri
006254 10600 1 BF’L ITER5
606236 00540 1 NEG Ri
006260 00456? ITER5: JSR R5,DPRNT2 ~DIAGHOSTIC PRINT

060 132

006264 828180 CUP R1.R0 ~DELV( V/2~o~SCALE?

006266 00340? BLE ITEPEXIT ;YES.DONE.EXIT
006270 02672? CMP NOITER, *ITERMAX :NO1TER .GT. ITERI~~X?

13132262
000012

006276 003021 BGT ITEPERR ;YES,PRIHT MESSAGE,EXIT
006300 @05267 INC NOITE R

002252

006384 000626 BR ITERLUP :LOOP BACK
006305 016700 ITEREXIT:1-1UV BALEPS.R8

002258
@063 12 016701 MDV BALEPS +2,R1

• 002245
806316 016702 NOV CAI B ,R2

002258
806322 00356?’ JSR R5.DIV

000000
006326 026 167 CUP R1.V

062246
• 0136332 002402 BLT ITER6

006334 018167 NOV RI.V ;NEU RVR 15 AS CALCULATED BY KOSCHPEIDER
002240

:LAU, SINCE IT IS GREATER THAN THAT CA LC
;ULATE D BY ALLARD’S LAW.

066340 000205 ITER6 : RTS PS

006342 010445 ITE RE~R: MDV R4, —CS P)
086344 @12704 NOV eITERMES,R4

086368
006350 004567’ .TSR R5..MESS

H 000000
066354 P12684 MDV CSP)+.R4
026336 000753 BR ITEREXIT
006360 015 ITERIIES: .BYTE 15.12
006~6I 012
@06362 115 .ASC II /MRX ITER’
006363 101
@06364 130

666365 043
006366 III
006367 124
0136370 105

1—120
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80637 1 122
006372 015 ITCRLF : .BYTE 15 ,12.0
005373 012
086374 000

866376 . EVEN
- 

;DIAGNOSTIC PRINTOUT ROUTINE

006376 005767 ;PRNTI: TST DIAGNO ZA NY DIAGNOSTIC?
1302212

806402 06 1464 BED DPR 1
096404 012704 NOV *ITMESS.R4

686446 -

006410 0045~ ?’ JSR R5,MESS
0000u0

006414 0130205 DPR1: RTS R5

006416 00576? DPRNT2 : TST DIAGI-I O ;ANY DIAGNOSTICS?
682172

006422 @0 1418 BED DPR2
006424 010167 NOV R1.DUM

002 136
006430 204567’ JSR R5.ICABUF :SET UP OUTPUT LIST

000000
• 006434 000003 .WO RD 3

006435 010600 .1.JORD V. IT IV . DUM
006440 0113570
006442 010565
006444 000205 DPR2 : RTS R5

@06446 015 IThESS: .BYTE 15.12
0136447 312
005450 126 .ASCII /V F(V)

- 
• 005451 040

086452 040
006453 @40
006454 640
00643 5 040
006455 040
006457 048
@06460 @40
06646 1 040
005462 105
006463 050
006464 126

• 006455 051
@06465 040
005467 040
006478 040

- - 69647 1 @40
886472 @40

@06473 840
006474 104 .ASCII /DELV/
005475 135
606475 114

1-121
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PAGE 907

-
, 666477 126

@05500 815 .BYTE 15.12,0
006501 012
006502 800

• @86504 . EVEN

-
• 

. SUBROUTINE OUTPUT

006584 019246 OUTPUTUIOV R2. — (SP)
• 006506 010346 NOV R3. — (SP)

005516 010446 MDV R4.—”SP)
006512 @0456? JSR R5,OU TATC ;AIR TRAFFIC CONTROL DISPLAY

0000 14
805515 004557 JSR R5.OUTREC ;RECORDING ROUTINE

006024
005322 012684 NOV (SP) +.R4
086524 012683 NOV (SP)+ .R3
006526 012602 NOV (SP)+.RZ
@06330 000265 RTS PS

~A IR TRAFFIC CONTROL DISPLAY ROUTINE

005532 00576? OUTATC : TST INMOPE
@0 1754

@06536 081402 BED OUTA 1
006540 084567 JSR R5,OUTSTR

00 1542
005544 000205 OUTA1: RTS R5

;RECORDS INFORMATION-HERE ON TTY

086546 812704 O’JTREC: NOV i~OUTNES.R4
306502

006532 034567’ JSR R5,MESS
080000

005536 00456?’ JSR R5,ICABUF
000800

886562 038086 .WO RD 6. .ET,INTST?.HPUL.VSTORE,NPtJL+2
@86564 010586
686566 010504
006570 010506
005372 010582

• 006574 0 100 10
• 086576 010504 .IJORD VSTORE+2

006600 000205 P19 R5

096682 @ 15 ~JTMES: .BYTE 15 ,12
006503 812
006604 185 .ASC I I  ‘ET I NPIJL I

1—122
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006505 124
006606 848
006607 040
606610 648
805611 048
006612 846
8055 13 040
006614 @48
006615 @40
006616 111
006617 @40
006620 840
08652 1 040
@65522 @48

• 006623 @40
005624 @40
@06625 040
006626 @46
@066 2? @48
0066313 116
006631 120
006532 125
005533 114
@06634 061
086635 040
005636 040
@0663? 040
005640 040 -

005641 840
005642 122 .ASCI I ‘RVRI NPUL2 RVR 2~@06643 126
865544 122
005545 061
006646 @40
005647 040
006550 @40
00553 1 040
006652 040
005653 @48
806654 116
005555 120
805656 125
006657 114
006660 052
00666 1 040
006662 @40
806663 046
005664 040
005665 @40
005666 122

h 
006667 126
006670 122

08567 1 062
006672 015 .BYTE 15. 12.8
026573 012
005674 800

1—123
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PACE 011

8866 ’6 .EVEM

;ROUTINE SERVES LINE CLOCK INTERRUPT
;KEEPS TRACK OF TIME.AND DATE
;STARTS AND STOPS PULSE COUNTERS

~CHECKS RUNWA Y SELECTOR SWITCH EVERY ONE SECOND

@06676 065767 LKSERV: 191 CTRFLG
001628

:TIME WINDOW TO BE INITIATED?
805702 001411 SEQ LK1

886704 016767 NOV TW ,TI~~W
@01620
001620

;TW ~T*60.T=1IIIE W INDOW IN SECS
006712 110037 . tIOVB R0,@*164008

164000
;ENABLE AND RESET C/T COUNTER TO -

ZERO
006716 005867 CLR CTRFLG

@0 1600
;CLEAR FLAGS

005722 005067 CLR INFLAG
001576 -

006726 00536? LK1: DEC TUC1R
00 1600

806732 001004 BNE LK2
006734 1113837 IIOVB P0 ,0*16400 1

164061

~DIENABLE CIT COUNTER

@05740 085267 INC INFLAG
001560

;FLAG TO SIGNIFY READING DONE
• 005744 @05267 LK2: INC TARSEC

001564
006750 @26727 ClIP TARSEC,*S@.

0131550 -

006074
005756 00140 1 BED LK3
@05750 000002 RT!

~ENTERED EVERY 1 SECOND
086762 005067 LK3: CLR TARSEC

031546
886766 005267 INC TSEC

001544
006772 02672? ClIP TSEC, *60 .

001540
008074

1—124
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@87888 602452 BLI LK9
007082 065667 CLR TSEC

061530
@07006 005267 INC ThIN

001526
007012 026727 CII’ ThIM.*€~ .

001522
000874

-
- 007020 002442 BLT LK9

007022 005067 CIR TN!N
001512

007026 00526? INC THR
001510

@07832 026727 CUP THR,*24.
@01504
600030

007040 002432 BLT LK9

007642 005067 . CLR THR
@0 1474

@07046 005267 INC ThAY
861472

807052 02576? CII’ TDAY.MONDAY
@0 1466
001466

@67060 002422 OLT LK9
@07062 012767 MDV *1,TDAY

00008 1
001454

007870 @85267 INC TIION
08 1454

087074 026727 CII’ TNON.*13.
001450
0000 15

@07 102 802405 BLT LK8
007104 @12767 NOV *I.TMON

00000 1
001436

007112 00526? INC TYEPR
061434

007116 015645 LK9: MDV 2(SP). -(SP)
00080 2

007122 @12746’ NOV *fl]NDET.—(SP)
008800

307125 0057S? LK9~ 1ST INMODE
081360

@07132 60100 1 BNE LK4
007134 000002 Rh

087 1T~G 810046 LK4: NOV R@. -(SP)
807 140 @10146 NOV R1. —C SP )
007142 016700 NOV RSELECT.R0

06 1360

1—125 
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• PAGE 813

: INTERFACE MODE
007146 605067 CLR RSELECT

@01354
@07152 11370 1 MOVB ~*1640@4.R1

164004
;UORD CONTAINING P/SETTING BIT

807 156 106001 RORB RI
007160 0@~ 567 ADC RSELECT

081342
@07164 01260 1 LK5: NOV (SP)+.R1 ;CHECK IF
007166 026760 CII’ RSELECT ,R0 ~STATUS OF FLAG

001334
007172 601602 BNE LK7 :IS CHANGED
607174 612608 NOV (SP)+. R@ :IF NOT RETURN

-s 007176 000002 Rh
007200 @12600 LK?: MDV (SP)+.R0
007202 016646 MDV 2(SP) . -(SP) ;MOVE PROCESSOR STATUS OF INTERRUPTED

@06062
;PROGRAr1~E TO STACK

087206 612746 NOV *STROBE. -(SP)
010300

;STRTUS OF RFLAG
007212 @08802 RTI ;PUSH ADDRESS OF STROBE

;ROUTINE AND ~iLD PSLJORD
- 

;ON THE STACK IN THAT ORDER

~ INPUT ROUTT~~’ FOR PROGRAMME

087214 00576? iNPUT: TST INMODE ;CHECK INPUT MODE
- @01272

067220 001483 BED INTTY :BRANCH IF TTY MODE
067222 004567 JSR R5.INTFAC ~ INTERFACE MODE

000602
• @07226 @00205 RTS P5

@07230 00456? NITTY: JSR R5,TTYDAT ;DRTA COMES FROM TTY
000002

007234 000205 P19 PS
IN THE ARRAY

;SUBROUTINE TTYDAT
;TAKES DATA FROM TTY

007236 004567 TIYDAT: JSR R5.SPRCE
800532

007242 00000 1 .IAORD 1

007244 064567’ JSR P5, INBUF
000008

@07258 @80084 .ILURD 4
007252 @07274 ..IJBPD I1,tR~6.-1NTSTY ’ ;INTENSITY OF RUNWAY LiGHTS
@07254 @10504

1307256 007304 .I.JORD IIJ)RD?.ET IILLUIIINANCE THRESHOLD
007260 @10506
@07262 007310 .IJORD IIJJRD8.NPUL :PULSE COUNT FOP CIT hR
007264 010606

1—126
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PPGE 014

087266 007320 .Li~3PD r1JJORD9~NPUL+2 ;PULSE COUNT FOR BCD INPUT hR
007270 616610

@07272 660205 RTS R5

007274 111 IIJORDS: .ASCII /IPITSTY-’
007275 116
@07276 124
087277 123
007308 124
@07301 131
007382 875
007303 @00 .BYTE 0

887304 .EVEN
067304 105 MWRD7: .ASCI I /ET~/
807385 124
807306 075
807387 @00 .BYTE 8

@07310 :EVE N
807318 116 IIJORDB: .PSCII /NPUt 1~’• @07311 120

• @07312 125
007313 114
007314 061
007315 075
007316 008 .BYTE 0

087320 .EVEN
007320 116 IIWORD9: .ASCII /N°UL2~’
00732 1 120
007322 125
087323 114

- •, 007324 062
007325 075
007326 000 .BYTE 6

@07330

SUBROUTINE TTYPAR
SUPPLIES PARAMETERS—BASIC ;

@07330 084367 TTYPAR : JSR R5~ SPACE
680440

007334 000085 .IJORD 5

687336 004567’ JSR P5. IH8UF
• 000006

007342 000003 .WORD 3
@07344 007744 .WO RD NWORD1~ SCALE
007346 010616
007350 007754 .WO PD NWO PD2.MEXIT
067352 010626
007354 007764 .WO RD NWO RD3~ DtA GNO

607356 010614

1—127
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PAGE @15

607360 012700 MDV *1.R0
000601

@07364 01670 1 MDV SCALE.R1
- : 061226

607376 @64567’ JSR R5.LSHIFT_
000006

007374 010067 MDV R0,I~~GSCA ;I~~GSCA-2~~ SCALE
@01226

087486 012766 NOV *5288.,R6 :MILE
012248

007404 004567’ JSR R5,SCALOG
000000 -

@07410 0100b7 11UV R0.L5280 :L5280-LOG1O(5280)*2**SCALE
@6 1266

607414 012760 NOV *26627..R0
050223

@0742 0 01270 1 MDV *14..R1 :—2@627. .LOG1O(EPS* .055)*2**15
000016 

1 
-

@87424 16670 1 SUB SCALE ,R1
06 1166

007430 004567’ JSR R5.RSHIFT ;RIGHT SHIFT ROUTINE
006080

U
007434 005460 NEIl RO

007436 810067 NOV R0.LEPS ;LEPS~LOGi8(EPS)*2**SCALE
001162

-

~

007442 004567’TTYPA4~ JSR R5.INBUF
000000

@07446 000005 .I3JORD 5
@07450 007766 .I1flRD II1JORD1.VZNIT
007452 010612
007454 087712 .LJORD FtJO RD2.BASE
607456 @10502
007460 007720 .WO RD MI~JORD3.PPATE
007462 010510
@07464 007738 .WORD 1IJORD4.TI.J
007466 010530
007476 087734 .WORD I11JORD5, INMODE
607472 018512

007474 016767 NOV V INIT .VSTORE
@6 1112

-

- 
001100

@07502 016767 NOV VINIT.VSTORE+2
@0 1104
001674

@07518 016702 NOV PRATE ,R2
800774

1—128
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007514 @16768 MOV TW.R6
061610

067520 064567’ JSR R5.IIJLT
000000

867524 610100 NOV R1.R0 :IIAX PULSE COUNT
867526 804567’ JSR R5,SCALOG

000000
@07532 810067 MOV R0.LOGNBM

@01648
607536 016700 NOV TW ,R@

- - 000766
@07542 012702 NOV *60.,R2

@00874
@07546 004567 JSR R5,MULT

000000
007552 01016? NOV P1.1W ;NOW TW=TWM~ 0

00-~752
007556 @16?~~0 NOV BASE.R6

00072l~.@07562 @16702 NOV LEPS.R2
@01036

@67566 004567 JSR R5.IIJLT
000000

@07572 010067 NOV R8.BALEPS
006764

007576 @1016? NOV R1.BALEPS+2 ;STORE BflSE*LOGl0(EPS~M5)*2**S060762
;AT BALEPS IN DOUBLE PRECISiON

J 667662 005267 INC FST 1ME
060712

007506 @1275? TTYPA3: NOV *NINPUT,NCOUNT
000005
000702

007614 005767 TTYPR1: 1ST NCOUNT
000676

007526 00140 1 BED PBACK

~0?622 000205 PIS P5
• J07624 @12704 PSACK: NOV *f~ARMES.R4

@07656
@07630 @04567’ JSR R5.MESS

000000
007634 @04567’ JSR R5.GETCHR

000060
@07648 120027 ClIPS R0. *131

000131

@07644 001676 BED TTYPR4
067646 008757 BR TTVPA3

067650 @05367 TTYPA2: DEC NCOUNT

• @00642
007654 @@F~757 BR TTYPA I

I-i 
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@07656 @15 PARrES: .BYTE 15,12
007657 012
007668 126 .ASCII /PARAMETER CHRNGE ?/
06756 1 101
@07662 122
007663 161
007664 115
067665 105
687666 124
007667 105
007676 122
00767 1 840 -

007672 103
• 007573 110

007674 181
607675 116
@67676 107
007677 165
087780 040
06776 1 077
007702 015 .BYTE 15.12 0
007703 012
087704 000

607706 .EVEN
-

• 007706 126 MWORD1: .ASCII /VI—/
• 007707 111

007716 075
007711 @00 .BYTE 0

007712 .EVEN
007712 102 NUORD2: .ASCII /BASE-/
007713 161
607714 123

• @07715 105
007716 875
007717 006 .BY1E 0

667728 .E~~ N
067726 128 IIJORD3: .ASC1I ~PRATE-/
00772 1 122
607722 101
007723 124

- 
• 007724 105

007725 875
@07726 000 .BYTE 0

007730 .EW N
807730 124 rLJORD4: .ASCII /TU-/
@0773 1 127
007732 075
007733 000 .BYTE 0

807734 .EVE N - 
- -

007734 111 rUORD5: .A SCI I  /INMODE~~
087735 116

007736 115
887737 117

— 
067740 104

- 
- 007741 105

1—130
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PACE 020

@67742 875
007743 006 .BYTE B

067744 .EVEN

007744 123 NWORD1: .ASCI1 /SCALE~’
067745 103
@67746 101

- • 
- 067747 114

067758 105
007751 675
007752 000 .BYTE 6

007754 .EVE N
007754 105 NWORD2 : .ASC !I .‘EXITSC-/
007755 138
007756 111
007757 124
007760 123
00776 1 103
007762 @75 .
007763 000 .BYTE 0

007764 104 NWORD3: .ASCII /DIAGNO-/
007765 111
@07766 101
007767 107
007778 116
60777 1 117
007772 075
007773 @00 .BYTE 0

607774 .EVEN
@67774 .EVEN

;THIS SUBROUTINE MAKES TELEPRINTER

~ADVANCE BY ONE LINE

807774 0 10146 SPACE: MDV R1 ,—(SP)
007776 010446 NOV R4. —( S P)
016066 01250 1 MDV (R5)+ .R1 -

010002 0 12704 SPABAC : NOV *SPCRLF.R4
1310024

010006 004567’ JSR R5,r-ESS
000000

010012 @0530 1 DEC RI
010014 001372 ONE SPABAC
0 10016 612604 NOV (SP)+ .R4
010820 @ 126 0 1 NOV (SP)+ .R1

016022 000205 P19 P5
010024 0 15 SPCRLF: .BYTE 15,12.0
@10025 @ 12
018026 000

010030 .EVEN

_- -- --
~
_
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;;SUBROUTINE INTFAC
~ACEPTS DATA FROM INTERFACE

016036 004567 INTFAC:JSR R5.TRIN ;INPUTS FROM TRANS. COUNTERS
000012

010634 004567 JSR R5.RINT IN ;RUNL.JAY LIGHT INTESITY ROUTINE
000112

616648 804567 iSP R5,BGILIII ;BACKGROUHD ILLUIIINANCE AND RUNWAY
006150

;SELCTOR SWITC H POSITION.

018044 006205 P19 PS

;TRANSMISSONETER COUNT INPUT ROUTINE
610646 60576? TRIM: 1ST FSTIME ;FIRST T1~E WINDOW

@06446
018052 00146 ? BED IOD3 ;IF NOT JU~P
010654 005136?t CLR F9TI~E ;CLEAR FLAG

000440
010660 @0526? INC CTRFLG ;SIGNAL TO INTERRUPT ROUTINE TO START

000436
TINE LIINDOLJ

@16054 @0576? IOD4: 191 CTRFLG ;HAS IT STARTED?
000432

@10070 001375 BIlE IOD4 ~IF NOT WAIT
@16672 @0576? 1003 : 1ST INFLAG ;TIME WINDOW OVER?

@00425
010676 001773 BED 1003 ;IF NOT WAIT
0101.00 @1376? NOV I~*1640@@,NPUL :READ COUNT DURING TINE WINDOW

164000
800500

@10106 112706 NOVB *846,R0 ~fl9CII CODE FOR 8.
000046

010112 00456?’ JSR R5,PUTCHR ;PUT IT OH KB
000000 -

010116 @0456?’ JSR R5.GETCHR ~PROGPAMME STALLS HERE TILL IT SEES
800006

;ANY INPUT FROM KB. DURING THIS STALL
:PHASE.SWI TCH SETTINGS ON INTERFACE
;NI:%Y BE CHANGED.

010122 005267 INC CTRFLG
000374

• 010126 065767 1001: 1ST CTRFLG ;HAS THE TIME WINDOW BEEN STA RTED?
000370

016132 001375 BIlE IOD 1 :IF NOT WAIT

010134 08573? tOOT : TST l~*1640@2 ;WORD 2 READY?
164602

810148 100775 BIll 100?

810142 013767 NOV ~*164802,NPUL+2
164062
080440

010150 006205 RTS PS

- - 
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PACE ~2’

;RUNLJAV LIGHT INTENSITY INPUT ROUTINE

-
~ @16152 605737 RINTIN: 1ST ~*164804 :CHECK IF LORD 3 READY?

154804
018156 100775 BIll RINTIN :NO.URIT
816160 113700 NOVB P*164005.R0 :HIGHER BYTE

164005
010154 01270 1 NOV *3.RI :COUNTER

080003
010170 105200 1009 : ASRB R0
610172 1030P2 8CC IODIO
010 1 74 005301 DEC RI
010176 000774 BR IOD9
010200 00630 1 10010: ASL RI
010202 01616? NOV INTTBL(R1).INTSTY

010266
000274

018210 000265 RTS PS

:ROIJTINE SUPPLIES:(1)V ISUAL ILLUMINANCE THRESHOLD OF P ILOT
(2)RUNIJA Y SELECTOR SWITCH SETTING -FOR RW

010212 010332 DISPLAY

016214 005067 OGILIN: CLR RSELECT
@00306

010220 113700 NOVB ø*154084.R0
164004

010224 106200 ASRB R8
010226 005567 A DC RSELECT

000274
— 010232 106308 ASLB RO

010234 005001 CLR RI
010236 106300 10011: ASLO R8
010248 103062 BCC IOD 12
@10242 005201 INC RI
010244 800774 BR IOD 11
010246 00630 1 10012: ASL RI
016250 816167 NOV ETTBL(R1).ET

010276
0@~3236

@10256 000205 RTS R5

010260 080620 INTTBL : .IJsJRD 400. .2030.. 10000. .20080 .
016262 003720 - - - -

-~ 010264 023426
010266 047040
010270 000002 ETTBL : .I~~PD 2,26. .250.,2600.
010272 0130032

@10274 080404
010276 @05050 

-
STROBE ROUTINE

1— 133
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;SERVICES TINE INTERRUPT ROUTINE LKSERV AT PROGRAI?E
• ; INTERRUPT LEVEL

018380 664567 STROBE: iSP R5.OUTS TR
006002

810304 000002 P11

;OUTS TR ROUTINE STROBES ThE RVR FOR
;THE RUNWAY CORRESPOND IllS TO ThE ONE

REQUESTE D BY THE RUNWA Y SELECTOR SWITCH

810306 @16046 OUTSTR : NOV R8. —(SP)
610310 616700 NOV RSELECT.R0

F 600212
018314 006300 ASL P8

616316 016000 NOV VSTO RE(R8) .R@
610662

010322 004567 iSP RS,DISPLR
000604

010325 012600 NOV (SP)-I- .R0
010330 006285 RTS PS

;DISPLR ROUTINE
;STROBES NO IN R0 TO DISPLAY

- 
- IF 1-10 IS GREATER THAN 9993 . .9999 . IS DISPLAYED

- 
- 

;IF NI IS — . 9999 IS DISPLAYE D

018332 @10146 ;ISPLA: NOV RI. — (SP )
010334 010246 NOV R2. — (SP )

- 
- 010335 010346 NOV R3, — (S P)

010340 @10446 NOV R4. — (SP )
010342 020627 CUP P0. 1-9998.

023416
- 

- 010346 003042 861 DISPL3
010356 005706 TST P0
816352 100443 BIll D1SERR
010354 012702 DISPL4: NOV *BUFFIC,R2

016470
010360 004567’ JSR PS. ICA ;BINARY TO ASC II

@00000
610364 012764 MDV *BUFFIC+2.R4 ;SKIP SIGH BYTE flND LEADING DIGI

010472
BYTE

010376 @12703 NOV *2.R3

000082
010374 112400 ISPLI: MOVB (R4)+.R0 ;HIGI ER DIGIT
010376 152700 SUB *66.R0 ;CONVERT TO BINARY

006066

1—134
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PAGE 024

618462 11600 1 MIJVB R0.P1
010484 112400 IIOVB (R4) +.R@ ~GET NEXT LOWER DIGIT
010406 162700 SUB *60.R0 ~CONVERT TO BINARY

000060
010412 @05300 ASL RO
810414 006300 ASL RO
010416 006300 ASL RD
@10426 006300 RSL RD ~SHIFT LEFT 4 lIlIES

;TI-4E LOWER DIGIT IS NOW It-I RIGHT HALF OF LOU BYTE OF RB
010422 060160 ADD R1.R0 FORM A BYTE OF TWO DIGITS
010424 085303 DEC P3
810426 001403 BED DISPL2 ;JUF-IP ON SECOND PASS
010430 110637 MOVB P0.0*164006 :QH FIRST PASS STROBE TOP TLO

164005

~DIGITS TO DISPLAY
010434 00075? BR DISPL 1-
010436 110037 DISPL2: NOVB P0.0*164007

16400?
;PA SS TWO LOWE R DIGITS ARE STROBED TO DISPLAY

8 10442 012604 NOV (SP)+ .R4
010444 012603 MOV (5P)+ .R3
010446 012602 NOV (SP)-i- .R2
010450 012601 NOV (SP)+.R1

• 010432 000205 RTS R5
010454 812700 DISPL3:NOV *9998 . ,R0 ;LIMIT NO TO 9998 .

02~ 4I6
010468 000735 BR DISPL4
016462 012700 DISERR : NOV *9999. .R0 ;IF MO IS — ,DISPLRY 99999

02341?
010456 080732 BR DISPL4

010502 BUFFIC: .= .+1@.

;CONSTRNTS FOR VIS IB PROGRAMME

000002 NTRANS=2 ~MO OF TRANS
NTRDBL-~4 ~NTRANS*2

000612 ITERMAX=I0. ;MAXIMUN 1-10 OF ITERATIONS ALLOWED

0i3560 VNAX=6606 . ;MAXIMUII RVR LIMIT TO
006062 VI-lIH~ 58. ;MINIMU1-1 RVR LIMIT

80000S t-4!’lPlJT~5 ;T1DTAL NO OF DATA INPUTS BEFORE PARAIIETE
;CHANGE CA N BE REQUESTED

~ ~~5 r - p  ~ 15:BILITY PROGRArTIE

- i’cl Ps-.~~~~g -~~PD •
*t ~~~~4!4 •~~ ‘i - ‘ ?~~~~—~~~~ - -
A 1 -t- •c~~~~~~fl 1 ’  .II~~~D
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PAC E @25

610512 008006 IHMODE: .WORD 6
@10514 @00074 TCTR : .WORD 60.
016516 000000 NCOUNT: .WORD 0 

*
010520 660000 FSTIIIE : .WO RD 0 ;FLAG IF FIRST TINE WINDOW
016522 000000 CTRFLG : .WORD 0 :FLAG TO SIGNAL TIME INTERRUPT ROUTINE

~TO START TIME WINDOW
@10524 080000 INFLAG : .WORD 8 ;FLAG TO SIGNIFY TIME WINDOW IN PROGRESS
016526 000800 RSELECT: .WORD 0 ~FLAG TO INDICATE RUNWAY SELECTOR SWITCH

;POSITION
010530 000000 1W: .WORD 0 ;T IFIE WINDOW
016532 000000 TWCTR: .UORD 0 ;TIFE WINDOW COUNTER.DECREMENTED BY 1

;EVERY t’60 TH OF A SEC
016534 000066 TARSEC: .LIORD 0
0 16536 00@0~ 0 TSEC : .WORD 6

010540 600000 ThIN: .WORD 8 :KEEPS TINE IN MINUTES
- - 010542 000060 THR : .WORD 0

016544 000006 TDAY: .UOPD 0
010546 800040 MONDAY: .LIORD 32.

016556 @06006 TIION: .IAIORD S
016552 688060 TYEAR : .W ORD 0

810554 000006 ITRANS : .WORD 0 ;KEEPS TRACK OF NUMBER OF TRANS.
:UHOSE INPUTS HAVE BEEN PROCESSED FOR RYR

010555 000000 1- lOITER: .WOPD 0 ;NO OF ITERATIONS IN RVR CALCULATIONS
010560 000800 VN EW: .WORD 0 ;TEMP STORAGE FOR RVR ITERATE
010562 800000 BALEPS : .WORD 0.0 ~STORAGE FOR D.PR. PRODUCT OF BASE~~ OG10
016564 660006 -

016566 @08000 DUN: .LJORD 0;TEIP
010570 0130600 111V: .WOPD 0 ~TEl-V

010572 000000 CAIB: .WORD 0 ;TEUP
010574 008000 CAI K: .LIORD 0 :TEUP
616576 000000 LOGNBM: .WORD 0 ;TEUP
@10600 000060 V: .WORD 0 ;TEUP

010606 VSTORE: .= .+NTRDBL :STORAC E SPACE FOR PVR FOR DIFF IRS.
018512 IIPUL: . = .+NTRDBL :STORAGE SPACE FOR

;COUHTER INPUTS FROM DIFFERENT IRS
610512 008000 VINIT: .WORD 0 ~INITIAL VALUE OF RVR ITR
010614 000600 DIASI-1O: .UORD 0 ;D1AGNO~~1 FUR DIAGNOSTIC PRINT

016616 006911 SCALE: .W ORD 9. :SCALE FACTOR FOR INTEGER ARITHMETIC
016620 088000 MAGSCA : .WORD 0 ;~~2**SCALE

• 0 18622 000080 13288: .WOPD 0 ;STORES LOGIO(528@.)*2**SCA LE
610624 000008 LEPS: .UOR D 0 ~STORES LflGl0(EPS~~.@ 5)*2*~SCALE
010626 000800 NEXIT: .WO RD 8 :EXIT SCALE FACTO R

010638 00013136 MODNR: .WORD 0 ;DETEN!NES ITERATION METHOD TO SOLVE ALLARD’S L-”~
-0:11—P METHOD

:=1:NO D t-l -- R METHOD

• 1—136
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;-2 :HALLEY’S METHOD
— ;NORIIALLY MODNR-0.IF HIGHER ORDER METHOD

;USED.APFROPRIAT E VALUES SHOULD BE TOGG
i—LED IN FROM
;SW ITCH BOARD

~V ISIBf LITY PROGRAIIIE

610632 004567’V ISIB: JSR R5.INIT ;INITIALIaE
000000

610636 @04567 JSR R5.TTYPAR :PARAMETEREINPUT FROM TTY
176466

616642 004567 VISLUP: JSR RS.INPUT ~DATR INPUT FROM TTY OR INTERFACE
176346

;DEPEND INC UPON INPUT NODE
@10646 064567 JSR R5.CALC ;PROCESSES DATA INPUTS TO PRODUCE

174726 -

:RVR VALUES
610652 064567 .TSR R5.OUTPUT :OUTPUTS RVR AND ASSOCIATED DATA

175626
010656 604567 JSR R5.TTYPR2 :CHECKS ONCE EVERY NINPUT TIr~ES

176766
• IF NEW SET OF PARAMETERS ARE TO BE INPU

@10662 @80767 BR VISLUP ;BACK FOR lORE DATA INPUT
;NEED TO BE CHANCED ;IF SO IT
: LOOPS BACK 10 TTYPAR BY ITSELF

010664 000600 HALT

@16632 
• 

.END VISIB

PAGE 627
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~TTY I/O PACKAGE AND EXECUTIVE

;SUBROUTLNES:
EXECUT: EXECUTIVE PROGRAII-1E TO MONITOR

THE PROGRAIIIIIE DURING RUN-TINE.

PROGRAMME ENTERED BY CONTROL C KEY INPUT
FROM ITY KB.EX ECUTIVE CAM RESPOND TO A SET OF
COrIIANDS DESCRIBED BELOW. COMMANDS ARE INPUT
FROM KB;AND ARE TWO CHS LONG TERMINATED
BY EITHER A CR OR COMNA .ANY OTHER TERMINATING
CHARACTER IS NOT VA LID. FOR INVALID CHS. . ?‘IS
PRINTED ON TTY AND A FRESH STRING OF COI1~~ND CHS
CAN BE INPUT.

COI1~~ND STRINGS :

(1) CO CONTINUE WITH THE PROGRAItE U-IERE IT WAS
INTERRUPTED.
(2) AR GO TO ARITHMETIC PACKAGE TEST ROUTINE
ARTEST.

(3) 10 GO TO T~Y I/O PACKAGE TEST ROUTINE
b lEST.

(4) RE RESTART VISIBILITY PPOGRAIIIE.
• (5) TI TIME COMMAND

IF TERMINATED BY CR.PRIHTS TIME IN HR
.IIIN.SEC AND CONTINUES WITH ThE
INTERRUPTED

IF TERMINATED BY COF1~~. ACCEPTS FROM KB
HR.7II1-3.SECS IN 3(1-) FORMAT DESCRIBED
BELOW .THEH IMTERRLIPTED PROGRAIIIE
IS RESUMED.

880688 680806’ .
(6) DA DATE COMMAND

IF TERMINATED BY CR.PRINTS DATE
AS DAY .MUNTH.YEAR AND ONTIHUES
PROGRAMME .

IF TERMINATED BY COl1~~. ACCEPTS
DAi .1- 1ONTH.YEAR Ill (3I— )FORMAT .

• AND CONTINUES WITH INTERRUPTED - 
-

PPOGPA 1-tE.

IOTEST: TEST ROUTINE FOR TTY 1/0 PACKAGE
; IMIT: 1NITIA LIZAT ION.ENAB LE

INTERRUPTS OF PERIPHEPALS.SET UP
- j STACK AREA ,SET UP SERVICING ROUTINES

FOR INTERRUPT VECTO RS.
CETCNR: GET A CHARACTER FP’Jt-l TTY KB BUFFER

1—138
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PAGE 661

PUTCHR : 7~~i~ T ~i C,iARACTER o;i TI?
LINE: ASSEMBLE A STRING OF CHARACTERS FORM TVY

TERMINPTEO BY CR OR COMMA.EDIT ING PROVISION
BY RUBOUT KEY AND DELETING OF CHARACTER STR ING
INPUT SO FAR BY CONTROL SHIFT K AND CONTROL U
KEY INPUTS IS PROVIDED.CHA RACTERS ARE APPROPRIAT
ECHOED ON TI?.

GEThUrI: ACCEPTS A + INTEGER FROM IT? AND ASSEMBLES
A BINARY NO.INPUT FORMAT IS I—
(,}IERE I— SIGNIFIES A VARIABLE I FORIIIT
WITH INPUT TERMINATED EITHER BY A COr1~~ OR CR
PROGRIIIE PERSISTS TILL A VALID -f INTEGER

.4 <2**15— l AND WITH NO NON—NUMERIC CHS IS
INPUT

ICABUF : PRINTS OUTPUT LIST A1 .A2 AN ON TTY
FORMAT(/H(2X.I6 .4X ) )

ICA : AASEFELES API OUTPUT FORMAT(6 I.4X )
• IJ ERE I FORMAT HAS A LEADING SIGN

AND FIVE DIGITS CORRESPONDING TO A
GIVEN BINARY NUMBER .

INBUF: ACCEPTS FROM IT? INPUT LIST
A I .A2 AN WITH FORMAT
(stIES IL 1- . stIES2S. I— $IESN$. I—)

IBUFER : ACCEPTS FROM TTY INPUT LIST
A 1.A2  AN IN NE FORMAT
(NI-)

PDRINT: SERVICES TI? KB INTEPPUPT

006880 R8-x 6
06086 1 RI-X1
000002 R2-*2
800003 R3-~ 3
006684 R4-t~4000805 R5-X5

.GLOBL GETCHR.GEThUII. ICA. ICABUF. IHIT.MESS.PUTCHR.LINE. INBUF

.GLOBL V ISIB.IOTEST .A RTEST . THR .T MIN.TS EC.TDAY. TTION.TYEAR

.GLOBL IIONDET.MONDAY.LKSERV

000806 SP-X6
000687 PC-X7

.TITL E IOTEST

068688 .ASECT
002008 

:
2808

TTY 1—0 PACKAGE TEST PROGRAMME
;SHOULD DO THE FOLLOWING:

• ,. I)PRINT ‘VALIJE- ’ OP-I ITY
~2)ACCE PT + INTEGER<2**15-1 FROM IT? KB

~~~~~ 1—139
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;3)771NT MUF~~E~I SC !1-I!’UT OH TI?

082880 804567 IOTEST: JSR R5. INIT
000846

682864 084567 MP1NBAC: JSR R5.INBUF
001140

862010 06886 1 .UORD 1
062612 002832 .WORD NAINNES,MAINBUF
602614 002044

002816 004567 JSR R5. ICABUF
@00674 -

002022 000001 .LURD 1. .NAINBUF
662024 062044
602826 680766 . BR NAINBAC
002036 006606 HALT
662032 @15 MAINFIES: .BYTE 15. 12
662833 812
662634 126 .ASCII ‘VALUE-f
002035 161
002036 114
602037 125
662048 165
002041 075
002042 060 .BYTE 0

- 002844 .EVE N
002844 660800 NAINBUF: .WORD 0.6
002646 800606
002058 866 .BYTE 8

062852 . EVEN

;TTY 10 PACKAGE

;SUBRDPJTII-IE Dill
;SHOULD BE INCORPORATED IN THE PROGRAMME BEFORE ANY I/O
;OPERATIONS IN THE MAIN PROGRAItE

@02052 812706 INIT: NOV •I088.SP :STPCK ADDRESS
801006

002856 @1273?’ NOV *LKSERV.0*100 :LINE CLOCK INTERRUPT
688000
868100

:VECTOR
082064 812737 NOV *30@.~~*1@2 :PROCESSOR STATUS

080300

@88182
002872 012737 MOV *108,9*177546 :ENABLE LINE CLOCK

000100
177546
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062100 012737 NOV *RDRII-IT,O*60 ~READER INTERRUPT SERVICE ROUTIN
003256
000060

082106 @12737 NOV *260.9*62 ~ INTERRUPT SERVICE ROUTINE PROC
006206 -

006062
002114 012737 NOV *101..0*1?7560 :SET READER ENABLE

000145
177560

:AND INTERRUPT ENABLE

682122 000205 RTS PS

~SUBROUTINE GETS ACHARACTER FROM TI? KB

002124 885237 GETCHR : INC 0*177568 ;RDR ENABLE
177568

662130 685667 CLR GETFLG ;FLAG-@INDICATE S THAT
001564

:CHARACTE R IN BUFFER IS NOT READ
@02134 00576? GELIAIT: 1ST GETFLG

001560
002 140 061773 BEU GEWA IT :WAI T  TILL BUFFER IS READ
@62 142 116780 MOVO RDRLOC.RØ ;RDRLOC CONTA INS CH. READ FROM BUFFER

001556
@02146 000205 RTS R5

• ;THIS SUBROUTINE PRINT S A STRING OF CHARACTERS POINTED
• 

~TO BY R4 UNTILL A 0 IS ENCOUNTERED

002150 610046 MESS : NOV R6. — (S P)
082152 112400 I-LLOOP: r-1OVB (R4 )-f- .P@ ;NOV THE BYTE POINTED TO AND INCREMENT T
802154 001403 BEt) NDDONE :IS BYTE EDUAL TO 8?
082156 08456? JSR R5.PUTCHR

600806

;THE REST OF THE MESSAGE
002162 000773 BR ItLOOP

602164 012600 NDDONE: F-tOy (SP)+. R0
602166 066205 RTS R5

002170 105737 PUTCHR: TSTB 0*177564 ;TELEPRINTER READY?
177564

002174 100375 8PL PUTCHR

062176 110637 F1OVB R0.o*177566 :CHARACTE R TO TELEPRINTER
177566

002202 000205 RTS R5

1—141

- -  - - - •-

L _ __ _



-

—

- --- - -‘---- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —.----—- ~ •-~----- — ---- -- —-- - - — —

PAGE @04

THIS SUBROUTINE GETS A ;INE OF CHARACTERS FROM iT?
AND LEAVE THEN IN THE BUFFER

802284 818045 LINE:  NOV R6, -.SP)
@82286 810146 NOV Rt. — (SP)
002210 010246 NOV R2. —(SP)
002212 016346 NOV R3. — (SP)
002214 610446 NOV R4.-(SP)

002216 61270 1 LEP-ITER: MOV*BUFFER,R1 :BUFFER POINTER
002410

002222 012702 NOV *BIJFEND.R2 ~BUFFER END POINTER
002520

002226 010183 NOV R1.R3 :BEGINNING OF BUFFER
002230 005804 CIR R4 ~RUBOUT FLAG

602232 020102 t.LOOP:CNP R1.R2 :AT THE END?
@02234 001450 BED TOOBIG
002236 004367 JSR R5.GETCHR ~GET CHARACTER FROM TI?

177662
602242 120827 CPIPB R8.*177 ;RUBOUT?

080177
• 802246 001525 BED RUBOUT

002250 12662? CFIPB R0.*33 :ESCRPE(CONTO L SHIFT K KEY)
080833

062254 801436 BED DELETE
002256 120027 CMPB R0.*25 ~CONTROL U KEY?

060025
002262 001445 BEO DELETE
0132264 805704 TST R4 :WAS RUBOUT PREVIOUS INPUT?
002266 001407 BEQ LOK :IF NOT BRANCH
002270 016046 NOV P0. -(SP) ;IF SO SAVE Cl-I FROM KB
002272 012706 NOV *57.R8 :FILE SEPERATOR CHARACTER

00005?
002276 004567 JSR R5.PUTCHR

177666 
—

002302 005064 CLR P4
002304 @12686 MOV(SP)+. R6 ~RESTORE CH FORM STACK

002386 11002 1 LOK : NOVB R@ .( RI )+  :LOAD INTO BUFFER AND INCREMENT POINTER
002316 12602? CF-PB R0.*15 :CA RRIAGE RETURN?

660015
002314 601413 BED LDONE I ;IF SO DONE
002316 00456? iSP R5.PUTCHR

177646
002322 12602? CFFB R0.*54 ;COIIIA ?

000054
682326 60 1 341 BNE LLOOP IF NOT BACK TO GET MORE CHARACTERS FROM

082330 612604 LDONE2:NOV(SP)+.R4 ~RESTORE PEG. CONTENTS FROM STACK
;BEFORE EXIT •

002332 012603 MDV (SP)+ .R3
002334 012602 NOV (SP)+.R2

_ __ _ _  ~1IT1
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0a2336 01260 1
062340 012606 NOV (SP)+.R6
002342 080205 RTS PS

802344 612784 LDONE1: NOV *CRLF.R4 ~CR AND LF CHS FOR TELEPRINTER
* 802405

082350 004567 .FSR R5.IESS
177574

802354 006765 BR LDONE2 :10 EXIT

002356 012784 TOOBIG: r1OVSLBIG.R4 :REENTER ROUTINE TO SET UP BUFFER AGAIN
082376

;AFTER PRINTING MESSAGE ‘V OH PRINTER
002362 004567 fl.~ 8IG: JSR R5.MESS

177562
002366 060713 BR LENTER

002370 015 LB !G: .8YTE 15.12
082371 012
062372 077 . .ASC II ‘?‘
002373 015 .BYTE 15.12.6
082374 012
802375 060

802376 012704 ;ELETE : NOV *LDEL.R4 ;PRINT MESSAGE ‘D’A ND BRANCH
002404

062482 800767 BR TIJOBIG

082404 104 LDEL: .A SCI I /D/
002405 015 CRLF:.BYTE 15, 12.8
602406 612

• 002487 000
802410 .EVEN
@82528 BUFFER: .- .+116 ;BUFFER AREA
602522 BUFEND : .-.+2

002522 020103 RUBOIJT: CF? R1.R3 :POINTE R AT BEG. OF BUFFER
602524 @0 1642 BED LLOOP

:LOOP TO GET OTHER CH.
062526 005704 1ST P4 ;CH IF THERE WAS A PREVIOUS RUBOUT
002536 001005 BNE DIRT?
062532 012700 NOV *57,R0

006057
002536 084567 iSP R5.PUTCHR ;PUNCH IT AND RESET FLAG

177426
682342 005204 - INC R4
002544 114100 DIRTY: MOVB — ( R1 ) . R0  ;DEC POINTER.UNLOAD CH IN BUFFER
662546 004567 JSR R5.PUTCHR

1774 16
662532 000627 BR LLOOP ;BACK TO LOOP

;ROUTIHE TO ASSEMBLE A NUMERIC VALUE FROM TI?

;RETURNS WIrH POSITIVE Nu MBER IN BINARY IN RU
:EPRC1R MESSAGE ~RETYPEN OF-I IT? FOR THE FOLLOWING :

( 1)A MOlt NUMERIC CR INCLUDING 31GM CHS (2) NUMBER TYPED
;IN IS LARGER THAN 2-t’I5-1. AFTER ThE ERROR MESSAGE

1—143
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;RET~rI~E THE NUMBER

002554 010146 GETNUN: NOV R1. — (S P)
002556 010246 NOV R2. — (SP)
002566 010446 NOV R4.— (SP)
082562 012701 GBACK:FIIV*BtJFFER.R 1

062410
002566 003002 CLR R2
062570 004567 JSR R5.LINE

177418
002574 112100 GLOOP1:IIO VB (R1)+ .R0
662576 120627 CNPB R0.*15 :CR?

060015 
-

062602 00l~~25 BED GDOP-IE 1
002604 120027 CMPB R0.*54 :COF1~~?

000054
@026 10 001422 BEt) GDONE I
002612 162768 SUB *66.RO

00006 0
002616 100424 BNI GBAD :10 BINARY
082620 022700 CNP *12.R0

000012
002624 @0342 1 BLE GBAD ;IF NOT
002626 606302 ASL P2
002630 102417 BVS GBAD
002532 010204 NOV R2,R4
062634 086302 ASL P2
@02536 102414 BVS GOAD
002640 006302 ASL P2
002642 102412 BVS GBAD
0132644 @60402 ADD R4.R2 ~R2-R2*10
002646 102410 BVS GBAD
002656 060002 ADD R0.R2 :R2=R2*I0 +R8
@62652 102406 BVS GBAD :OVERFLOU I.E. NAG OF NO IS GREATER THAN
002654 006747 BR GLOOP 1
002656 010206 GDONEI: NOV R2.R0
002660 612604 NOV (SP)+.R4 ;RESTORE
062662 012602 MOV (SP)+.R2 :R4.R2.R1
002664 01260 1 MDV (SP)+ .R1
002666 000205 RTS P5
002670 012704 GBAD: NOV *GEVIL,R4

602702
002674 004567 iSP R5.rESS

I 7250
002700 006730 BR G8ACK

• 602702 015 GEVIL: .BYTE 15. 12 :CRLF
002703 012
002784 122 .ASCII  /RETYPE’
002705 105
002786 124
802707 131

002710 120
082711 105
002712 815 .BYTE 15, 12.0
002713 012

1—144 
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002714 000
862716 .EVEN

:OUTPUIS DATA ON Ti?
:CRLLING SEQUENCE:

JSR R5.ICABUF
.WORD F-I ;NO. OF VARIABLES IN LIST
.LIORD A 1.A2  AN

;OUPUT LIST OF VARIABLES

~FORMAT OF OUTPUT: (/N(2X. 16.4X))

002716 018046 ICABUF : NOV R0. —(SP )
@02726 810246 NOV R2. — ( S P)
062722 016446 NOV R4. — ( SP)
062724 012702 FIOV*BUFFER.R2

062410
002730 012567 NOV ~R5)+ ,WURCt-4T ;NO OF WORDS

000046
@02734 013500 ICALUP : MOVO( R5) + .R0 :R6
002735 004557 iSP R5. ICA :CONVE RTS BINARY TO ASCII.LOA DS SIGN

000042
PLUS FIVE DIGITS PLUS FOUR
:SPACES INTO BUFFER

002742 005367 DEC WORCHT
008034

002746 083372 BGT ICALUP ;LOOP BACK IF ALL FJORDS NOT DONE
062730 112722 IIOVB * 15.(R2)+

002754 112722 MOYB * 12. (R2)+
000812

002760 105012 CLRB (P2) :IF DONE LORD CRLF AND 0
002752 012704 NOV *BUFFER.R4

002410
002766 00456? iSP R5.NESS ;PRIP-tT THE NUMBER IN THE BUFFER

177156
082772 812604 NOV (SP)+.R4
002774 812602 NOV (SP)+ .R2
002776 812600 NOV (SP)- f .R0
@63000 000205 RTS PS

803002 000000 UORCNT: .IJORD 0

ICR SUBROUTINE
:CONVERTS BINARY INTEGER IN P8 TO ASCII CODE
:RT AD DRESS BUFFER. BUFFER CONTAINS LEADING SIGN BYTE
;FOLLOUED BY FIVE NUMERICAL DIGITS AND FOUR SPACE

;ASC II BYTES. BUFFER ADDREDD AVAILABLE IN R2

003004 018146 ICA: NOV P1. — (SP )
803006 818346 MDV R3, — ( SP )

~t 
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~03010 010446 ~iOV R4. — ( S P)
863612 01276 1 NOV *DWO RD.R1

003134
003016 005700 1ST RD ;CHECK SIGN
003620 108403 BIll ICA3
003022 112722 MOVB *53.(R2)+ :LGA D ASCII CH. FOR +

000053
003026 000404 BR ICLOOP
003030 112722 ICA3: F-CVB *55.(R2)+ ;—ASC I I  CH

— 800055
003634 005480 NEG RO
003036 102427 BVS ICAERR .NEGNAX
003040 005003 ICLOOP: CLR R3 ;SCALE FLAG
0031342 011104 MOV (R 1) .R4 ~ELEMENT OF DECIMAL ARRAY
003044 001414 BED 1CEND :IF EQ 0.DONE
003046 020004 ICA2: ClIP R8.R4 ;R0<R4?
663030 002404 BLT ICA 1 - Y ES.GO TO NEXT ELEMENT
003032 005203 INC R3 :INCREF-1ENT FACTOR
003054 061104 ADD (R1) .R4 :NO.ADD ARRAY ELEMENT TO R4
@03056 10240 1 . BVS ICAI :OVERFLOW
@03060 606772 BR ICA2 :LOOP BACK

003062 062703 ICA 1: ADD *60.R3 ;CONVERT SCALE TO ASCII
000660

H 063066 110322 MOVB R3. (R2)+ ~LOAD SCALE ONTO BUFFER
003070 160400 SUB R4.R8 ;FORM REMAINDER
00~ 072 052100 ADD C R1 )+ .R0 ;IN P0
003074 000761 BR ICLOO P -

003076 012703 ICEND: NOV *020040.R3 ;TUO A SCII  SPACE CHS .
020040

003162 010322 NOV R3.(R2)+
003104 010322 NOV R3. (R2)+
003106 012584 NOV (SP)+ .R4
083110 012603 NOV (SP)+ .R3
@03112 01260 1 NOV (SP)+ ,RI
003114 000205 RTS R5

-• 003115 112722 ICAERR ; NOVB *53. (R2)+
000663 -

003122 012722 NOV *031667.(R2)+
031067

003126 012722 NOV *033070.(R2)+ :LOAD —32768 IN BUFFER
033070

063132 00076 1 BR ICEND
083134 023420 DWORD: .WORD 10000.. 1000..100.,10. .1..0
063136 001750
0133140 008144
0 03142 000012
003144 800001
003146 000008

;SUBROIJTINE TO HANDLE INPUT FROM TI?
:CALLING SEQUENCE

: JSR R5. INBUF
.WORD F-I :NO.OF VARIABLES IN INPUT LIST

1—146
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;N PAIRS OF WURD~ FOLLOW
:FIRST FJORD OF PAIR CONTAINS ADD
.:VARIAB LE MESSAGE TO IT?
;SECOND WORD THE VARIABLE ADDRES

.FJUPD AIIESS.A

.LIORD BMESS,B

.WORD NMESS.N
:PROGRAftIE RETURNS HERE

003136 010046 INBUF : NOV R6. — (SP )
003 152 610146 NOV R1. — ( S P)

- - 003154 0102 -
~6 nOV R2. — ( S P)

003156 @18346 NOV R3. — (SP )
003150 010446 NOV R4. — ( S P)
003162 012503 NOV (R5)+ .R3 ;COUNT OF VARIABLES TO BE INPUT
003154 012700 INBU1: MOV *020048 .R6 :TWO ASC I I SPACE CHS .

020040 ’
003170 00456? iSP R3,PUTCHR ;TbJO BLANK SPACES ONTO IT?

176774
003174 012364 NOV (R5)+.R4 ;POINTE R TO ThE MESSAGE TO TI?

• 803176 004567 iSP R5.IIESS :PRINT THE MESSAGE ON TTY
176746

003202 004567 JSR R5,GETHUN :GET THE INPUT FROM TVY
177346

803206 0113835 NOV R0.P(R5)+ :MOV THE INPUT TO THE VA RIABLE ADDRESS
003210 835303 DEC R3 :DECREMENT THE COUNT
@03212 081354 BNE JNBU I ~BACK,IF ALL VARIABLES F-lOT INPUT

083214 012604 NOV (SP)+ .R4
@03216 012683 NOV (SP)+.R3
003220 012 t~02 NOV (SP)+.R2
003222 012601 NOV (SP)+ .Rl
003224 012600 NOV (SP)- l- .R0
003226 000205 RTS R5

;SURROIJTINE TO HANDLE INPUT FROM TI?
;FORF-1R T (NI-) . - FOLLOWING I INDICATES
~ThAT FJORD IS INPUT IN I FORMA T AND COULD BE TERMINATED
~BY A CR OR COIIIR

603230 018046 IBUFEP: NOV R0, — ( SP )
303232 0i0446 MOV R4. -(SP)
003234 012584 MOV (R5)+ .R4 ;NO OF WORDS TO BE INPUT
003236 004557 IBUFRA : JSR R5.GEThIJI1

177312
003242 010035 NOV RO.0(R5 )+
003244 005304 DEC R4
13072-IE 001373 ~NE IBUFRA
003250 012604 NOV (SPH- ..R4

00325 2 012660 NOV (SP )4- .R0
003234 000205 RTS PS

1—147
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~TTY INTERRUPT SERVICING ROUTINE

003256 11376? RDRIMT: NOVB @*1fl562.RDRLOC ;NOVE BYTE
177562
• ‘@432

003264 042767 BIC *177600.RDRLOC ~A SCII  CODE
177600
006424

003272 126727 CF-PB RDRLOC, *3 :CONTROL C KEY INPUT?
@00420
000003

003300 00 1403 BED RDR 1 :IF SD BRANCH
003302 005267 INC GETFLG

000412

883306 000002 RTI : IF NOT RETURN TO THE POINT OF
INTERRUPTION

. 663310 016646 RDRI: NOV 2(SP) .— (SP ) :SET UP PROGRAMME STATUS FC-
000602

;EXECUT
003314 012746 NOV *EXECUT.— ( S P)

003322
603320 000002 P11

:EXECIJTIVE PROGRA11~
ENTERED FROM TTY KB BY CONTROL C KEY INPUT.

:A VAR IETY OF EXECUTIVE OR MONITOR FUNCTIONS COULD BE INCLUDED H

003322 016746 EXECUT: NOV BUFFER. -CSP)
177052

003326 016746 NOV BUFFER+2.—( SP ) :SAVE PREVIOUS CONTENTS OF BUFFE
177066

:01-IL? FIRST TWO WORDS SAVED
063332 010046 NOV R0. — (S P)

-; 003334 010146 MDV RI. — (SP)
063336 010246 NOV R2. — (S P)
003348 0 10346 NOV R3~ — (SR )

803342 @10446 NOV R4. -’.SP)
003344 013546 NOV R5. — ( S P)

@83346 112708 NOYB *‘ . .R8
080056

1303332 00455? JSR R5.PUTCHR ;PRIHT ‘.‘ ON TI?
176612

@63356 00456? EXELUP : JSR R5.LINE :GET A LINE OF CHS . FROM KB
176622

@83362 016700 NOV BFJFFER,R0 :ADDRESS OF FIRST L ’RD OF INPUT Ct-IS
177022

F :R@ CONTAINS FIRST TWO BYTES
083366 020027 CF-P R0. * ’CO ;-CO7

0475133

1—148
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0o~ 372 00 1424 6~O E.<EC3~003374 020027 C1~ R0~ *MRE i-RE?
@42522

003406 061436 BED EXERES
003402 020027 CrF R0. *~AR ~-A R?

051101
063406 001435 BED EXEAR T
003410 020027 CI~P R@.*~I0 ;-107

6475 11
063414 @61434 BED EXEIOT
@63416 020627 CIP R0,*~T1 i -TI?

044524
003422 001433 BED E)ETIM
003424 020027 C1~F R0.*~DA ; DA?

@40504
003430 001472 BED EXEDAY
003432 112700 EXEOUT: IIOVB *‘?.RO

006077
003436 004567 JSR R5,PUTCHR ;IF NONE OF A8OVE PRINT ?‘ ON TTY

176526
003442 006745 BR EXELUP ; AND BACK TO GET CORRECT COM~~ND

003444 012605 EXECON: MOV (SP)+.R5
003446 012664 MOV (SP) +,R4
003450 @12603 NOV (SP)+.R3
003452 012602 NOV (SP)+.R2
003454 012601 NOV (SP)+,R1

003456 012600 NOV (SP)+.R8
003460 012667 NOV (SP) +.BUFFER+2

176726
@03464 012667 MOV (SP)+.BUFFER RESTORE BUFFER CONTENTS

176726
003476 005067 CLR GETFLG :SET ThE GETCHR ROUTINE FLAG.@

000224

003474 000002 RTI

003476 004567~EXERES: JSR R5 .VISIB
000000

003502 00456?’EXEART: iSP R5,RRTEST
600000

003506 00456? EXE 101: JSR R5. 1OTEST
176266

003512 12672? EXETIM: C1~~B BUFFER+2.*15 :CR?
176674
000615

063520 001427 BED EXETI1

003522 126727 CNPB BUFFER+2,*54 ;COIIIA?
176664
000054

003530 601340 BNE EXEOLJT :IF ‘TI’ IS NOT TERMINATED BY CR OR

- ~~~~~~~~~~ --- — — -~~~~~~~~~~ -~~—-—--“.-~-‘.. — -~~~~~~- - ..-~~~~~~~~~~~~~~ --~~-- - ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ -~~~~~ - - ~-~ -~ ~l1
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;CorflA BACK TO GET CORRECT CC~11~ND
603532 86456? JSR R5~ I8UFER

177472
063536 600003 .LJORD 3
003540 006006’ WORD ThR~Tt1IH.TSEC
003542 600000’
003544 000066’ 4
003546 02672?’ Cr? NR,*23. :THR>23?

000000
@00027

003554 603326 BGT EXEOUT
003556 02672?’ C~F ThIN.*59. ;ThIN>59?

000000
000073

603564 0033?~? BGT EXEOU T
003566 626727’ CNP TSEC.*59. ;SEC>59?

000600
000073

603574 003316 861 EXEOUT
:IF TIME INPUT IS INV A L ID

H ; ‘?‘ IS PRINTE D ON TTY
INPUT COIIIAND STRING AGAIN

003576 006722 BR EXECON

003600 00456? EXET IL: JSR R5, ICAOUF
177112

003604 000003 .1~ORD 3
003606 000000’ WORD THR.TMIN.~ SEC
@036 16 @00600’
003612 006006’

063614 008713 BR EXECON

003616 126727 EXEDAY: CMPB BUFFER+2~*15 ;CR7
176576
000615

003624 001425 BED EXEDA1
603626 126727 CMPB BUFFE~ +2,*54 :COIIIA?

176560
000054

063634 001276 ONE EXEOUT

003636 004567 JSR R5~ IBUFER :ACCEPT DAY. NONTh AND YEAR FROM KB
177366

063642 000003 WORD 3
003644 000600’ WORD TDAY, TNON,TYEAR
003646 000000’
003550 006606’
003652 026727’ ClIP ThON,*12. ;TMON>12?

I
000080
000014

063660 003264 BGT EXEOUT -

1-150
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@03662 @04567 JSk R5,r1ONDET
000034

- @63666 026767’ CII’ TDRY. MOHDRY ~ThAY.GE.MAXI1IJN DAYS
000000

• 000000

~1NA IIONTH+I?
683674 062256 BGE EXEOUT

~IF DATE INPUT IS ILLEGAL
; ‘?‘ IS PRINTED ON TTY
LAND FRESH COI1~~ND STRING CAN BE INPUT

003676 000662 BR EXECON ;CONTINUE WITH ThE PROGRAtIIE
003700 004567 EXEDAI: JSR R5,ICRBUF

177012
003704 006003 .WORD 3
003706 000000’ WORD TDRY,TMON,TYEAR :PRINT DAY.IION,VEAR ON IT?
6637 10 000000’
003712 @~2M00’003714 @00653 BR E)€CON

003736 000000 RDRLOC: .WORD 0
003720 000000 GETFLG: .LJORD 6

~FOLL OWINC ROUTINE DETERMINES DAYS IN A MONTH
;LEAP YEAR ALSO ACrOUNTED FOR
;MONDAY=MAXIMUN NO OF D’~YS ‘N THE MONTH+1

003722 010046 NONDET:MOV R0,-(SPJ
003724 @16700’ NOV TNON.R0

000000
003730 020027 CII’ R0.*7 ~COMPR RE TO JULY?

006007
003734 003016 661 EXE 2 ;BRANCH IF GREATE R
003736 020027 ClIP R0~*2 ;FEB?

000002

003742 001416 BED EXE3
603744 006200 EXE?: ASR R0 ~D I V I DE BY 2
083746 103404 BCS EXE 4 ~JUNP IF ODD MONTH
@03750 012767’ NOV *31..MONDAY ;~ 36+1

00003~000000
003756 000403 BR EXE S
003~6@ 012767’EX E4: NOV t32.,MONDAY ;=31+1

000048
000000

603766 012600 EXE5: MDV (SP)+~R0
003770 000205 RTS R5

003772 162700 EXE2: SUB*7.R0 ~FOR MONTHS STARTING W ITH AUGUST
000007

003776 000762 BR EXE?

t—15 1
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.FOR FEBRUARY
004800 016706’EXE3: NOV TYEAR .R @

000006
004804 006200 RSR RO I DIVIDE BY 2
@64606 103486 BCS EXE6 :CANNOT DIVIDE BY 2
084610 606206 ASP RO :FURTHER DIVIDE BY 2
004012 103404 BCS EXE6 ~CflNNOT DIVIDE
004614 012767’ NOV *30..FIONDAY :~ 29+L

000036
000000

004622 00076 1 BR EXE5
604824 012767’EXE6: NOV *29. ,MDHDAY ~-28+I606035

000000
004032 000755 BR EXE5

002000 .END TOTESI

~1i

Vi
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886880 ERR0R~

1— 152

____________- - - --~~ - -- _ _ _ _ _ _ _ _

— V%

- - 
— ~~~~ 

—~~-—--~--- ~~~~~~~~ - ___________



:PPITPPET!C PACKAGE

~ SUOROUTINES
ARTEST : ARTH.PRCKAGE SOFTtPRE TEST ROUTINE

V 
IIULT: ~1JLTIPLY ROUTINE
Dlv: DIVIDE ROUTINE
FMULT: SPECIAL IIJLTIPLY ROUTINE
FDIV: SPECIAL DIVIDE ROUTINE
LOG: LOGARITHM ROUTINE, BASE 10.
NORrID: DOUBLE PRECISION NORMALIZATION ROUTINE
SALOG: SUPPLIES SCALED LOGAR ITHM.
RSHIFT: RIGHT SHIFT ROUTINE
LSH IFT : LEFT SHIFT ROUTINE
NORM: NORMALIZATION ROUTINE

006008 R0~X8 -

000001 R1~ X 1
000002 R2=Z2
000003 R3~Z3
000004 R4~~4
000005 R5-~5
000006 SP~~.6000007 PC~X7

.TITL E ARTEST
- ; 000000 .ASECT

.GLOBL INBUF. FESS, ICABUF. INIT.GEThUM.ARTEST

004400 .~4400
.GIV O B L LSHIFT~SCALE ,RSHIFT,DIV,IIJLT.LOS.SCALOG,MORM.FIIJLT.FDIV

I

:IIJLTIPLY ROUTINE
SUPPLIES DOUBLE PRECISION INTEGER PRODUCTIM (R@,Rt)
WITH SIGNIFICANT PRODUCT IN RI AND OVERFLOW IN RO.

flIJLTIPLICAND AND tIJLTIPLIER IN R0 AND R2

684480 065001 IIJLT: CLR RI :COUNTER
864482 618446 MOV R4. — (SP )
004404 005004 CLR R4 ;SIGN
084406 005700 1ST RO ;IIJLTIPLICAND
064410 00143? BED IIJLZER ;ZERO PRODUCT
004412 100003 BPL ~1JLTI ~JUtIP IF +

004414 005204 INC P4 :NOTE —

004416 @05400 MEG RO
604420 10243 6 BVS IIJLERR

@04422 005702 FIJLT1: 1ST R2
004424 00143 1 BED IIJLZER

1—153
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084426 100003 BPL IIJLT2 .JUII’ IF -

884430 005204 INC P4 SET PRODUCT SIGN
884432 005402 MEG R2
004434 102430 BVS IIJLERR

084436 018346 ?IJLT2: MDV R3.—CSP)
@04440 @12703 MDV *-16.,R3 ;SET CO’MTER

177768

084444 80630 1 I1..OOP: ASL P1
004446 006100 ROL RD ~DOU8LE PRECISION LEFT SHIFT
@04450 103002 BCC NORDD MOST SIG BIT GO~~RNS ADD
084452 060201 ADD R2.R1 ~IF SET ADD h iLT.
004454 065500 RDC RO ;KEEP 32 BIT PRODUCT

@04456 005203 NOADD: INC R3 ;DONE?
@04460 001371 BNE ItOOP : IF NOT CONTiNUE
004462 @12603 MDV (SP)+.R3 V

664464 006004 ROR R4 ;GET PRODUCT SIGN
004466 10340 1 BCS IIULOUT :JUP? IF —

004470 000405 BR IIJLT3

004472 @05 100 IIJLOUT: CDII P0
084474 005101 CON RI
@04476 062701 ADD *1.R1

000001
@04502 085500 RDC RD
064564 012604 IIJLT3: MDV (SP)+,R4
604506 @00205 RTS P5

084518 085008 IIJLZER: CLR P6 ~ZERO PRODUCT
804512 00506 1 CLR Ri
004514 060773 BR IIJLT3

004516 012784 FIJLERR: MOV*fl.JLrES.R4
064530

084522 804567’ JSR R5.MESS
600000

084526 060766 BR IIJLT3

004530 015 IIJLMES: .BYTE 15.12
00453 1 012
604532 116 .ASC II /NEGMAX,ItIL/
004533 105
004534 187
804535 115
004536 101
004537 130
@04540 854
004541 115

I
U04~42 125
004543 114
@04544 015 .BYTE 15.12.6
084545 012

-‘ - - - -
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004546 003
804550 . EVEN

:DIV I DE ROUTINE
;DOUBLE PRECISION DIVIDEND REQUIRED
;(R@,R1) CONTAINS DOUBLE PRECISION DIVIDED
;R2 DIVIDER
;QUOTIENT IN RI

4 004558 818346 DIV : MDV R3. — (SP )
004552 005003 CLR R3 :51GM
004554 005702 TST P2 ;DENOMINATOR
004556 001447 BED DIVERR ;CAI’INDT DIVIDE BY ZERO
@04560 100882 BPL DIV 1 ;JUIP IF +
004562 065203 INC R3 ;NOTE—
@84564 005402 MEG R2

064566 685700 DIV1 : 1ST P0 ;CHECK NUMERATOR
004570 00 1436 BED DIV5
004572 100006 BPL DIV2 ;JUMP IF +
064574 065203 INC P3 ;SET RESULT SIGN
004576 @05 100 CON R0
004600 005101 CON Ri
004602 062701 ADD *1.R1

000001
004606 005500 ADC P0

004610 020260 DIV2 : ClIP R2.R0
004612 163437 BLO DIVER2

• 004614 010446 NOV R4.-(SP)

004616 @12704 NOV *16. ,R4 :SET FOR 16 ITERATIONS
060020

004622 006301 DIV3 : ASL Ri
004624 006100 ROL P0 :DOUBLE PRECISION SHIFT
004626 001405 BED DIVLUP ;JUNP IF R0~8004630 005201 INC Ri ;ASSUNE IT IJTLLGO . INSERT QUOTINT BIT
004632 160200 SUB R2.R0 ;TRIAL STEP
004634 103002 BHIS DIVLUP :0K
004636 066200 ADD R2.R0 :DIVIDEND NOT BIG ENOUGH YET
004640 @05301 DEC Ri :TAKE OUT QUOTIENT BIT
004642 @05304 DIVLUP:DEC P4
004644 003366 BGT DIV3 :60 AGAIN
004646 012604 DIVG : NOV (SP)+.R4
004650 00540 1 MEG RI :TEST FOR NEGMAX
004652 006203 ASP P3 :GET RESULT SIGN
004654 103402 BCS DIV4 :JUMP IF MEG
004656 00540 1 MEG Ri :ANSWE R IS +
@64666 102406 BVS DIV ERR JUr? IF ANSW ER IS NEG MAX

I

004662 012603 DIV4 : MDV (SP)+.R3
064664 @00205 RIB PS :QUOTIENT IN Ri

V 604666 005701 ;Iv5: 1ST Ri

I
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304678 001347 BIlE DI~v2
004672 005081 DLVZER: CLR Ri RESULT IS ZERO
@84674 008772 BR DIV4

064676 @10446 ;IVERR: MDV R4,— (SP)
604700 012704 MDV *DIVMES.R4

004734
084704 664567’ JSR R5,MESS

006008
004710 012604 MDV CSP)+.R4

004712 @10446 DIVER2: MOV R4.— (SP)
004714 012704 NOV *DIMES2,R4

664747
004720 664567’ JSR R5.MESS

060068
004724 01270 1 MOV *870808.RI :SET MAG OF OUOTIEMT~2B6?2.

@70068
004730 000746 BR DIV6
084732 @06753 . BR DIV4

884734 015 DIVrES: .BYTE 15.12
004735 012
064736 104 .RSCII ~DIV BY 6..’
004737 111
064740 126
064741 648
084742 162
004743 131
004744 040
004745 @60
064746 654
004747 105 DIMES2: .ASCII ‘ERR.DIV/
064750 122
00475 1 122
084752 054
604753 104
004754 111
@04755 126
004756 015 .BYTE 15.12.8
064757 012
@64768 060

064762 . EVEN

;DIVIDE ROUTINE -—FIXED POINT ARITHMETIC
:NUMERATOR IN RD
;DENOIIINATOR IN R2

QUOTIENT IN Ri

804762 005001 FDIV: CLR RI
@84764 006260 ASR P8 V

004766 00600 1 POP RI :SET UP DIVIQEND FOR INTEGER D IV ROUTrV!
304770 004567 iSP R5.DIV :CALL INT\GER DIVIDE ROUTINE

177554
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084è’74 006205 RrS R5

;IIJLTIPLY ROUTINE——FI XE D PO INT ARITHMET IC
;IIJLTIPLICAND IN P8
;IIJLTIPLIER IN R2

884776 00456? FIIJLT: JSR R5.IIJLT
177376

005002 @0630 1 ASL Ri V

005604 086100 ROL R0
005006 @00205 RTS R5

;LOG ARI TH N SUBROUTINE
~SUPPL IES LOGARITHM TO BASE 18 OF INTEGER NUI~~ER
INTEGER (I) AVAILABLE IN RD

:PROGRAIIIE RETU RNS WITh LOGI@(I) IN
V (R@,RI) WITH SIGNIFICANT PART IN P0

:ASSOC IATED SCALE FACTOR IN P2

;CONSTRNTS
026501 CLO-1 1585 .
110322 CL 1-—28462 .
155364 CL3~—9484.
164354 CL5~-590B.
154570 Li82-—9864.

005010 010346 LOG: NOV P3.— (SP)
065012 @10446 MDV R4.— C SP )
@05614 005700 TST P8
005836 003562 BLE LOGERP :BPANCH IF LESS NAN OR EQUAL TO ZERO
005820 012781 MDV *15 ,Ri ;SCALE FACTOR OF ARG I

000017
@05024 004567 JSR R5,NORM :NORNALIZE ARG

860426
005030 010146 MDV R1. — (SP ) ;PUSH SCALE AT 15
@05032 010046 NOV R0. — (SP ) :STORE A RG AT 0
005034 086200 ASR P0 ;ARG AT I
005836 062760 ADD *CLO.R6 ;ARG+I.’SQRT2 AT I

02658 1
005042 010002 NOV R0,R2
005044 162600 SUB (SP)+.R0 ;— (A RG—I/SOP T2 )A T 1
005046 @04567 iSP R5.FDIV

177710
005052 010146 MDV Ri.~~(SP) :2 AT 0

805054 010100 MDV R1,R0
005056 010162 NOV Ri ,R2
005060 004567 JSR R5.FIIJLT :Z2 AT .3

177712
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0~J5664 01&3d46 M’JV RJ. —~~.i) ;STORE 22
005066 @12702 MDV *CL5,R2

164354
005072 804567 JSR R5,FIIJLT :C5*Z2 AT 0

177700
065676 @62708 ADD *CL3.R0 :C3+C5*22 AT 0

155364 •

@05102 012602 MOV (SP)+.R2 :22 AT 8
065184 004567 iSP R5.FIIJLT :R6-22*(C31’C5*22) AT 8

177666
005116 062708 ADD *CLI.R0 :R0~C1+Z 2*(C3+C5*Z2)AT 8

110322
005114 012602 MOV (SP)+,R2 ;Z AT 0
@05116 004567 iSP R5.FIIJLT :R0~Z*(CI+22*(C3+C5*Z2))

I 776~4
005122 01270 1 NOV *L102.Rt :—L16(2) AT 8

154570
665126 06620 1 ASP Pt :DIV IDE BY 2
005136 060601 ADD R6,R1 ;Ri~ —LOGI8(2)/2+Z*(C1+Z2*(C3+C5*Z2))

;R1~L0G10(FACTION)

005132 012600 MDV CSP)+,R0 ;SCALE AT 15 
V

005134 010146 NOV Ri. — (S P) :LI0(FR) AT B
005136 000300 SWA B P6 :EIGHT LEFT SHIFTS
005140 006306 ASL P0
005142 006300 ASL R@
005144 006300 ASL P0 ;THREE MOPE SHIFTS. ELEVEN Ill ALL

:SCALE AT 4
005146 @12702 NOV *Li02,P2 :—LiO (2) AT 0

154576 -
- 

-

005152 005402 MEG R2 ;L10(2) AT 8
@05154 004567 JSR R5.FIIJLT

177616
005160 005003 CLR P3 :SET UP LOGI0(FR) AT0 IN (R2.R3) IN DBL.
005162 012602 MDV (SP)+.R2
005164 012704 NOV *4.R4 :COIJNTEP FOR SHIFTS

000004
005 170 006202 LOGI: ASP P2 :LOLJ O~DER 8 IT TO C
005172 006003 ROR P3 ;C TO HIGH ORDER BIT OF R3
005174 005304 DEC P4
005176 001374 BNE LOGI :CONTINUE .IF NOT ZERO

:(R2.P3) CONTAINS LOG18(FP) AT 0
@05266 @60~PI ADD R3.R1 ;L10CI)-LitI(FR)+L10(EXP0 NENT) AT $
005202 005500 AX RO :L10(1) IS IN (R0.R1) AT $
005204 066200 ADD R2.R0

005206 012702 MOV *4.R2 :SCALE-4
000004

005212 004567 JSR R5,MORMD :NORNALIZATION
000652

:L1O(I) IN(R0.R1) WITH SCALE FACTOR (R2)

005216 012604 LOG2: NOV (SP)+.R4
005220 012603 MDV (SP)+.R3

065222 000205 RTS PS

-- 
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005224 805008 LOGERR : CLR RB
085226 00500 1 CLR RI
@65236 012764 MOV .t.OGrES.R4

005242
005234 084567’ JSR R5.~~ SS

080000
005240 000766 BR LOG2
005242 815 LOGMES: .BYTE 15.12
005243 012
005244 132 .A SC II /ZERO RETURMED.LOG~
605245 165
005246 122
005247 117
005250 040

- 
- 00525 1 122

605252 105
005253 124
005254 125
005255 122
005256 116
00525? 105
005266 104
00526 1 054
005262 114
005263 117
@05264 107
@05265 015 .BYTE 15. 12.0

- 
- 005266 012

- 
- @05267 060

805276 .EVEN

•

:DOUBLE PREC ISION NORMALIZATION ROUTINE
:FOR LOG ROUTINE ONLY

(R0. Rt ) CONTAINS DOUBLE PRECION NUMBER
;(R2) CONTAINS SCALE OF THE NUMBER

005270 005302 MOPND : DEC P2 :SCALE
005272 006301 ASL Ri
005274 006100 ROL RO ;DOUBLE PRECION SHIFT
005276 001405 BED NORFIN ;OPERATION COMPLETE IF RO IS 8
003360 162373 BVC NORMD :COUT IMUE IF SIGN DID NOT CHANGE
805302 066606 ROR R0 :RESTORE SIGN
005304 @06001 POP Ri ;AND THE NUMBER
005306 005202 INC P2 ;AMD THE SCALE
@05318 000406 BR NORXIT :NORNQLI?ATIOM COMPLETE
605312 006000 NOPFIN: POP P0 :RESTORE SIGN:000608 OR 100006
065314 60600 1 ROR Pt
005316 006200 ASR P6
005320 006061 ROR RI :AND REPLICATE IT :0000@0 OP 140000
005322 @05202 INC P2

885324 085202 INC R2 :AND RESTORE THE SCALE
005326 000205 NORXIT: RTS R5

•
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;SCALING RO UTINE FOR LOGARITHM ROUTINE
;R@ CONTAINS INTEGER I
;(R0.RI) ON RETURN FROM LOG ROUTINE CONTAINS LOG(T)*2**l1
;SCALING NEEDED IS LOG (I)*2**SCALE
:RSSUrES SCALE< t t
;LOG (I)*2**SCRLE AVAILABLE IN R0

805330 018146 SCALOG: NOV Rl .— (SP)
005332 010246 NOV R2.— (SP)
@05334 004567 JSR R5.LOG :LOG ROUTINE

177458
005340 312781 MDV*15. ,R1

000017

@05344 160201 SUB R2.R1 :SCALE OF NO IN (R8.R1) FROM LOG
005346 166701’ SUB SCALE,R1

000060
065352 001403 BED SCAXIT
005354 100405 BIll SCALOI

;WE NEED (R2-SCALE) RIGHT SHIFTS ON RB

005356 08456? JSR R5,RSHIFT :PERFORIIS (Ri) RIGHT SHIFTS ON RB
000014

005362 012602 SCAXIT: NOV (SP)+.R2
005364 @1260 1 NOV (SP)+.RI

805366 @08205 RTS PS

@05370 004567 SCALO1 : iSP R5.LSHIFT
006012

005374 000772 BR SCAXIT

;RI G HT SHIFT ROUTINE

;PERFOPN S (Ri) RIGHT SHIFTS ON P0
;(RL) SHOULD BE GREATER ThAN ZERO

005376 006200 RSHIFT: ASP P0 :SHIFT RIGHT

005400 @05301 DEC Rt ;DECREMENT COUNT
005402 001375 81-1E RSHIFT :LOOP BACK IF NOT FINISHED
@05404 000205 RIB R5

— ;LEFT SHIFT ROUTINE
;PERFORMS (Ri) LEFT SHIFTS ON RD

:R i SHOULD BE GREATER ThAN 0
005466 066360 LSHIFT: RSL RO ;SHIFT LEFT
005416 162403 BVS LSHEPP

I I‘I
I
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005412 065301 OEC ~i ; DEI R6~ ENT COUNT
005414 801374 BNE LSHIFT ;LOOP BACK IF NOT FINISHED
@05416 060205 RIB R5
005420 @06000 LSHEPR: POP RD :CRUDE A TTEMPT IN HOPE SYSTEM MAY RECOW
065422 016446 NOV R4.-(SP)
805424 012704 NOV *LSHMES.R4

005448 V

005430 0045E7’ JSR R5.MESS
000808

005434 012604 NOV (SP)+.R4
085436 630285 RIB R5
005440 015 LSHMES : .BYTE 15,12
60544 1 812 - V

005442 It .? .ASCII ‘OV.FL;RSL’
005443 126
005444 056
@05445 106
005446 114
005447 073

— @05458 101
00545 1 123 V

605452 114
005453 015 .BYTE 15. 12.8
005454 @12
@05455 060

;NORIIALEZATION ROUTINE
:CALL :
: JSR RS.MORM

:R0 CONTAINS WE FRACTION TO BE NORMALIZED
;R1 THE SCALE FACTOR OF NUMBER IN P6
;ON RETURN---R0 CONTAINS NORMALIZED FACT ION
;AND RI ThE ASSOCIATED SCALE FACTOR

005455 06530 1 NORM: DEC Ri :DECREMENT SCAL E
005460 086308 ASL P0 :SHIFT OS INTO LOWER BIT
065462 001404 BED NFIN :IF RESULT IS 6.OPERQTIOH IS COMPLETE
005464 132374 BVC NORM ;IF SIGN DID NOT CHANGE CONTINUE
005466 066000 ROR R0 :RE~T0RE SIGN
005470 @05201 INC RI ;~ HD SCALE
005472 000404 BR NDONE :I~ORMA LIZAT ION COMPLETE
005474 066606 HFIP4 : POP P0 ;RESTORE SIGN:000000 OR 100008 - 

-
005476 806200 ASP P6 :AND REPLICATE tT~OQ0000 OR 140888
605500 @6520 1 TNC RI ~IMCRENENT SCALE
065502 005201 INC P1 :INCRE~~NT SCALE

005504 300205 HDONE : RTS PS

:ARIThrETIC PACKAGE TEST ROUTINE

1—161
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V

:NEEI~3 ITY 10 PA~~~r.CE
:ACCEPTS + INTEGER I FROM TTY AND
:PRINTS LO G1@(I) *2 **SCALE (&IERE
:REQUIRED VALUE OF SCALE HAS TO BE SET
;IN THE APPROPRIATE VARIABLE ADDRESS

1~~~~~~~~605506 004567 ’ARTEST: JSR R5. INIT
800666

085512 OO4567 ARBACK : JSR R5. INBUF
600000

805516 060001 .II~~RD I V

005520 005554 .UORD AWORD.AR 1
005522 005560
005524 016708 NOV RR1.R0

000038

@05530 00456? . JSR R5.SCALOG
177574

085534 01006? MDV R0.DR 1
068022

005540 664567’ ISP RS. ICABUF
000000

005544 603082 .U3RD 2.AR1.DR 1
005546 065568
005556 005562

4 005552 066757 BR ARBACK
005554 ill AL~ RD: .AS C II /1- ,
005555 075
005556 000 .BYTE S F

005568 .EVEN
305560 000000 AR1: .WORD 8 -;
005562 000000 DRI: .LURD 0

065506 .END ARTEST

PAGE 012

003880 ERRORS
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ARBACI< 065512 ARTEST @05506 G AR I @05560
AI~~RD 085554 C~3 • 326501 - CLI 110322
CL3 - 155354 CLS - 164354 i~IliES2 064747
DIV @04550 G DIVERR 084676 DIVER2 884712
DIV LUP 004642 DIVrES 004734 DIVZER 004672
DIVI 004566 DIV2 064613 DIV3 004622

- . DIV4 004662 DIV5 004666 DIV6 004646
- PRI @05562 FDIV 364752 G FFIJLT 064776 G

GETNUN - ****** G ICABUF - ****‘K* G INBUF - ****** SI N I T  • ****** S LOG 005010 G LOGERR 605224
LOGIES 005242 LOG1 805170 LOG2 0652i6
LSHERR 005420 LSHIFT 005406 G LSHIES 005440
L102 154570 1~ESS • ****** S ItOOP 804444
MULERR 004516 FIJLrES 004530 IIJLOUT 004472
~flJLT @04400 5 IIJLT1 004422 IIJLT2 304436
IIIJLT3 004504 IIJLZER 004510 NDONE 035504
N F I N  305 74 NORDD @84456 NORFIN 005312
NORM 605456 5 NORND @05276 NORXLT 605326 - 

-

PC =x000007 RSHIFT 005376 6 P0 -~000000
Ri =~00O0@I P2 •X000002 P3 -~006063
P4 -X000004 R5 •‘.000@05 SCALE ****** 6

V SCALDS 00533@ 5 SCALO I 065376 SCAXIT 005362
SP •;~00@006 - 005564

~ - ,.

-4

V.,
0’
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ARTEST • ‘~ ak*~oK S BUFEND 802520 BUFFER 002418 -
CRLF 03240~ D~L T E  C62373 DIRTY 002544 

- V

DIJJORD @63 134 EXEAR1V 003b02 E>~.ECON 003444
EXECUT 003322 EXEDAY 063616 EXEDA I 003700 4

- EXE lOT 003506 EXELUP @03356 E~’~EOUT 603432
E <ERES 003476 EXETIM 0@35 12 EXETI1 063600
EXE2 603772 EXE3 004080 EXE 4 003760

-~ EXE5 063766 EXE6 004024 EXE7 003744
-~ GBACK 002562 GBAD 082670 - GDONE 1 062656 3

- GETCHR 002124 6 GETFLG 003726 GETHUM 062554 C
GEVIL 062702 GEWAIT 002134 GLOOP1 602574

-
- IBUFBA 003236 IBUFER 003238 ICA 603004 6
V - ICABUF 002716 6 ICAERR @03116 ICALUP 662734- ICA1 003062 ICA2 003046 ICA3 003030 V

- ICEND 003876 ICLOOP 663640 INBUF 003150 6
INBUI 663164 INIT @02652 6 IOTEST 662006 6 V

LBIG 002376 LDEL 002404 - LDONE 1 002344 —
I LDONE2 002330 LENTEP @622 16 LINE 002284 6

LKSERV • ****** S LLOOP 062232 LOK 002366
- MAINBA 002004 NAINBU 602044 MAINME 002032
-

- 
MDDONE 002164 MESS 002150 G MLLOOP 002152

- MONDAY • *****‘e 5 ~1OHD ET 603722 6 PC •~ 0060@?
- 

PUTCHR 002170 6 PDRINT 063255 RDPLDC 063716 
-

ROR 1 @03310 RUBOUT @82522 RO •~00@000
- RI -X00000i P2 •X000002 P3 •~‘.00@663

P4 •~ 000004 PS •~ 06@685 SP •x000006
TDRY • *~4*~i’** 6 THR • **1c*** 5 TM IN • ***~K*:* 5

- TI-iON • **~4c.IoioK 5 TOOBIG @02356 TSEC • ‘~***** G V

- l  TLJOBIG 002362 TYEAR = *~~~ IcI~4 .G VI S IB ~***** 5UOPCNT 0(33002 - 604034

q
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BALEPS @16562 BASE 010502 PSILIN 818214
70 3~~~72 AI~ 013574

CALBAC 005642 CA LC 0056a0 CTRFLG 010522
DIAGNO 316614 DISERR 010462 DISPLA @16332

- 
- DISPL 1 616374 DISPL2 610436 DISPL3 016454

DISPL4 @10354 DIV ***** 6 DPRNTI 006376
DPRNT2 086416 DPRI 066414 DPR2 066444
DUll 010566 ET 010506 ETTBL ~102?0
FSTII-E 010528 GETCHR - ****** S GETNUM - *~,c-~c*** C
I C A - ****** S ICABUF - ****** S INBUF • ***I4~IC* S
INFLAG 610524 INIT • ***-*** S INIIJDE 610512
INPUT 007214 INTFAC 010630 INTST? 016504
INTTBL 818266 INTTY 667236 IOD1 010126
10010 010200 IODII 016236 IODI2 010246
IOD3 016072 1004 010664 IOD7 010134
1009 610170 ITCRLF 006372 ITEP @05756
ITERER 606342 ITEREX 006306 ITEPLU 005762
ITERMA - 000012 ITERME 066360 I TER I 006212
ITER1O 006144 ITEPII 036114 ITER2 086224
I TER3 006234 I TER4 006252 ITE R5 066260
ITER6 006340. ITERB 006136 ITER9 006140
I T I V  010570 ITII ESS 006446 ITRANS 016554

V LEPS 010624 LKSERV 006676 5 LK1 806726
LK2 006744 - LK3 006762 LK4 007136
LK5 087164 LK7 007200 LKS 007116
LK9 007126 LOGNOM 010576 LSHIFT • **-~~ *c** S
L5290 610622 IIAGSCA 018620 MESS • ~ ‘t’I~4 * 4  G
MEXIT 010626 MCDNR O 0 ~~0 MONDAY 010546 C
I1ONDET - ****** S I-lilT = ******~ S I-1MRD1 067706
I1JORD2 007712 (IWOP-D3 307723 I-LJORD4 007736
MUORD5 007734 t11~ RD6 007274 I-U~RD? 007304
MLIORD8 007310 1-1JJORD9 007320 NCOUUT 010516
NINPUT - 600005 IIOITER 010556 NPUL 018606
1-ITRANS - 000002 NTRDBL - 000004 NWRDI 007744
NLIJORD2 007754 NWORD3 307764 OUTATO 006532
OUTA I 006544 OUTMES @06602 OUTPUT 006504
OUTREC 006546 OUT3 TR 010306 PAR IIE S 007656
PBACK 007624 PC =~ 0 C 7  PRATE 010516
PUT CHR - ~~(**‘.4~~ S ~IHTIN 010152 - RSELEC 010526
RSHIFT **~~*** S PS =~008008 RI =X00000 l
R2 -~600602 P3 =~.030003 P4 -~0@0004
PS =~000O05 SCALE 010616 G SCALOG = S
SP =~ 30O@06 SPAB~C @10802 SPACE 807774
SPCRLF 610024 STROBE 010300 TARSEC 610534
TCTR 016514 ThAY 010544 6 THR 010542 5
Th IN 010548 C ThON @105-50 5 TRIN @10646
TSEC 016536 5 TTYDRT 007236 TTYPAR 607338
TTYPA I 007614 TTYPA2 @07650 TTYPA3 @07686
TTYPR4 007442 1W @10530 TWCTR 018532
TYEAR 010552 5 V 010600 VINIT @10612
“ISIB @10632 S VISLUP @10642 ~lAX • 013560
VhDl - @00062 VNEW @10560 VS TORE 018602

- 6 10666

I

‘1
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APPENDIX I I

ANALOG COMPUTER FOR CALCULATING RVR

This appendix describes the design and operation of an analog
computer for calculating RVR developed by Dr. Joseph L. Hom er.
This work was sponsored by the Federal Aviation Agency and in com-
pliance with the Project Plan Agreement (PPA) FA~-5l5.
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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:

I
~ 

(tb)
R/b

Et ‘ 
(1)

V 

where Et is the illuminance threshold (a property of the eye and
background lighting conditions), I~ the luminous intensity of the
specific target light (the runway edgelights), tb the atmospheric
transmittance measured over a pathlength b , and R the visual range. 

V

The FAA-accepted values of Et are 1000 mile-candles for daytime , and
2 mile-candles for nighttime .

The second is Koshmieder ’s law ,

c = c  RI b , (2)
R o~~~b~

where C0 is the contrast of a target , CR is the observed contrast,
and the factor tb

1 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 tb‘1 and RVR are stored.

1.2 ANALOG COMPUTATION OF RVR

We begin by rewriting equation (1) in a consistent set of

units:

II~: 

- --- _
~

_
~i_ I

— -~~~~~ ~~~~~~~ —— -V



-V -V 

~~~~~~~~~~ — -~~~~~~~~~ ,_,_ _•.. . , .  V -

I R/ b
E 0 (tb)
t ~ , (3)

(R/5280)’~
where Et is in units of mile candles, R in feet, and 1~ 

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 Rlog( 2 ) = 
~~

- log tb 
- 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 tb,
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
gives,

-1.260 = . log tb . (5)

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 Ll, 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
Sl, 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 (S-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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Figure 1-1. Block Diagram of the Analog RVR Computer Developed at
TSC. The input, tb, Is Fed From a Transmissometer in
the Field, and the ‘RVR Output Is Displayed
on the Digital Voltmeter (DVM).
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cycle then repeats to find a new value of R. The timing sequence is

:
1 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 var ious 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 Et. 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 presenf
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 corn-
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 *. RVR of 600
feet. The chief limiting factor on the lower end of the RVR scale

4.
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Figure 1-2. Timing Sequence of Control Circuits on the Range
Ramp Generator (Al) and Signals Given by the Solid
State Switches (S1,S2 and S3) shown in Figure 1-1.
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in the analog computer is the logarithmic amplifier , Ll, which com-
puter log tb. This particular amplifier , according to its manu- 4facturer, 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 (tb = 10:6) corres-
ponds to a RVR of 167 feet (daylight conditions and runway light
settings of 10,000 candelas). Therefore, it can b~ 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 (tb), 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
(daylig ht conditions and 10,000 caldela runway light setting). 4

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 O.l%/°C respectively.

A limitation of this analog computer in its present configura~ .on
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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