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1. INTRODUCTION

The instrumented measurement of visfbilify at airports was instituted by the
Federal Aviotic;n Adminisfraﬁonv (FAA) in 1952 by means of a fraﬁsmissomefer system
developed by the Nﬁfional Bureau of Standards (NBS) in 1942. Since then . many
similar systems have been deployed in the United States by the FAA as well as other
Government agencies (NWS, AF). At present, approximately 350 RVR systems have
been deployed, and it is expected that during the next ten years the FAA requirements
will call for additional RVR systems. In addition, a large number of existing systems
will require retro~fitting and/or upgrading in performance from RVV to RVR, Also,
in addition to the current RVR airport requirements, it is expected that the experi-~
mental SVR developed by the Naval Weapons Support Center (NWSC), formerly Naval
Ammunition Depot (NAD), Crane, Indiana, could become a requirement for all air-

ports with Category Il and/or IlI runways.

Since 1971 the Optical Devices Section of the Transportation Systems
Center (TSC), under sponsorship of the FAA, has been carrying out a program of RVR
hardware and systems analysis and development. This effort led to the Airport Visibility
Measuring System (ARVIS), a systems approach to airport visibility measurement. This
system considers the capital investment of deployed FAA/NBS RVR systems, future
airport requirements, maintainability and control concepts which will allow changes
in systems characteristics through software changes. Also, ARVIS has the capability
of complete data logging which allows the visibility description of the airport as well
as the photometric status of the visual cues (different airport lights), atmospheric back -
ground, and operational conditions of the instrumentation to be recorded at selected

periods (5 sec minimum).



This report presents the deployment schedules of FAA visibility measuring
equipment requirements for the FY76-FY85 period and develops the elements of deploy~
ment cost. This information could form the basis for judgment in the decision-making

process on futuré deployment and/or upgrading of visibility measuring equipment.
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2. OBJECTIVE

The prime objective of this study is to conduct an airport visibility measuring
system elements of deployment cost analysis. This analysis shall state the elements of de-
ployment for different visibility measuring systems to satisfy CAT I, 11, and |l operations.
The analysis shall be based on commercial equipment characteristics and cost, as well as

airport operational requirements.

The deployment schedules of visibility equipment shall be for the FY76-FY85
period, The visibility equipment requirements for each runway category shall be
identified. This analysis could be used as a basis to forecast FAA needs over the next
ten fiscal years. Eight selected airports shall be analyzed for their existing
visibility equipment, future plans and requirements. Elements of cost for various equip-

ment alternatives shall be given.

Commercially available visibility measuring equipment relevant to airport
operation shall be listed and described. Relevant specification and performance charac-

teristics as well as cost factors shall be considered.

The elements of cost for deployment of the SVR system, which may become

operational in the next few years, shall be investigated.

The Optical Devices Section of TSC is engaged in developing an ARVIS
which can be evolved by means of modification kits (Modifications [-1V) from the
present FAA/NBS transmissometer systems which are used to measure RVR, The develop-
ment of the ARVIS is based on the premise that the system is the Airport and what is
known today as "RVR System" is in fact an ARVIS Subsystem, Therefore, the ARVIS
concept allows system growth to meet all airport visibility category requirements. The

existence of RVR systems at airports makes the ARVIS a candidate for use of these



airports. To evaluate the modification and ARVIS concept in relationship to the

existing FAA and other RVR candidofé systems, the following points shall be considered:

How the ARVIS (Mod I1l) compares (cost, type of information and
capability) with other candidate systems for measuring and reporting
visibility along the runway.

Whether the minicomputer for the Mod 1l can be utilized as a replace~
ment for the signal data converter used with the FAA/NBS transmissometers.

The comparison shall be based on typical airport installations, and elements of deploy- -

ment costs shall be generated.

-
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3. OPERATIONAL FAA VISIBILITY INFORMATION

This section includes descriptions of information regarding visibility
conditions which is gathered, measurement techniques and current methods for data

dissemination.,

3.1 VISIBILITY INFORMATION

One important factor in operational decisions in aviation is the accuracy of
weather analysis and forecasting, Weather prediction and visibility information depend

on measurements by human observers and/or instruments.

There are basically two types of visibility measurements reported to the pilot
as part of the weather information for the terminal area: 1) prevailing visibility mea-

sured by qualified human observers, and 2) Runway Visibility Value (RVV) and Runway

Visual Range (RVR) measured by instruments.

Prevailing visibility is the greatest horizontal visibility prevailing through-
out at least half of the horizon circle (not necessarily continuous). Prevailing
visibility is determined from the control tower level or from some other predetermined
site. Variable prevailing visibility is a condition during which the prevailing
visibility rapidly increases or decreases by one or more reportable values during the
period of observation and is less than three miles. Sector visibility is the greatest
distance within a specified portion of the horizon circle of which reference markers
having essentially uniform visibility can be seen and identified. Visibility is measured

and reported in statute miles, and the values are reported in discrete steps, with the

size of the steps increasing with the visibility.



Of primary concern in this report are the two instrumented visibility values,
RVV and RVR. RVV is defined as.the visibility along an.identified runway. Where a
transmissometer is used for measurement, the instrument is calibrated to indicate values

comparable to those that would be seen by a human observer.

RVR is defined as the maximum distance in the direction of takeoff or land- : -
ing at which the runway, or the specified lights or markers delineating it, can be
seen. RVR corresponds to the visibility from a position above a specified point on the -

runway centerline at a height corresponding to the average eye level of a pilot at

touchdown, which for this purpose is a height of approximately 15 feet (Reference 1).

The purpose of providing runway visual range information is to permit pilots,
operators and other users to appraise visibility conditions and, in particular, to deter-

mine whether these conditions are above or below established operating minima.

The following variables which affect the pilot's vision do not enter in the

calculation of RVR:

a. rain on the windshield of the aircraft;

LY

b. the level of cockpit lighting, which is adjustable;

c. the illumination to which a pilot has been exposed during the pre-
ceding few minutes (for example, when passing over approach
lights);

d. any effect connected with the motion of a pilot with respect to the
runway lights, e.g., the time taken for a pilot to react to a light
coming into view;

e. the pilot's vision and any physical or psychological factors affect-
ing it,

Thus, RVR is merely a method of assessing "seeing conditions” for takeoff and land-

ing and not a statement of what a pilot would actually see.
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In the United States, RVR is a value determined normally by instruments
(usually transmissometers) located alongside the runway. These instruments are
calibrated with reference to the sighting of high intensity runway lights or the visual
contrast of other targets, whichever yields the greater visual range. Generally, a
computer or other signal data processor is used to compute RVR. RVR values are used
when the prevailing visibility is 6,000 feet or less and is reported in feet in incre-
ments as noted in Table 1. The measurements by a transmissometer take obout 48
seconds; the data conversion takes another five seconds. This implies that the RVR

values are visibilities averaged over about one minute and are considered valid only

for immediate use for local air traffic.

Another concept is the ten-minute RVR value. This consists of the lowest
and highest RVR values recorded during the last ten minutes, based on a high-
intensity runway light setting of five, regardless of the actual setting. As such, it is

a measure of the variability of the visibility.

TABLE 1. RVR REPORTING INCREMENTS.

! ]
Transmissometer Baseline i RVR , Reporting Increments
(ft) (ft) :5 (ft)
' 600 -3000 200
250
3000 - 6000 500
i
1000 - 4000 - 200 .
500 :
4000 - 6000 500




3.2 MEASUREMENT TECHNIQUES

The transmissometer; developed in 1942 Or\td] accepted for airport operations
in 1952, is one of the basic components of the RVR system now used in more than 350
installations in the U.S. (see Table 4, Section 5). The transmissometer consists of a
high-powered projector which directs an intense beam of light ot a photo-sensitive
receiver at the other end of a baseline which is 250 or 500 feet long. The atmospheric
transmittance over the baseline on any particular occasion is measured by comparing
the luminous flux entering the receiver with that received in a perféctly clear
atmosphere (100 percent transmittance). From the atmospheric transmittance, the
visual range of lights of known intensity can be computed if the sensitivity of the eye

(visual threshold) is known.

The projector and receiver are properly aligned. This is done partly to
obtain the best signal =to-noise ratio in the receiver and partly to minimize
errors due to light entering the receiver after scattering and so adding to the light
received directly from the projector. Since small changes in alignment can cause
large changes in receiver output which can be wrongly interpreted as changes in
transmittance, it is necessary to use ruggedly constructed components mounted on

firm foundations.

. The length of the baseline sets limits of visual ranges that can be measured.
Using present FAA instrumentation, the 500-foot baseline gives satisfactory accuracy
in RVR measurements down to a lower limit of about 1,000 feet at night (and
roughly half these values by day) depending on the characteristics of the runway
lights and of the transmissometer in use. The lower limit can be reduced if necessary
(e.g., for Categories Il or lIIA operations) by using a shorter baseline such as 250 feet
or less. In fact, all new RVR installations will use a 250-foot baseline.

With most runway lights and FAA fransmissometers, RVR can be measured, with

3-4
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reasonable accuracy, down to two times the baseline length and up to only about 15 to
20 times the baseline length. This causes some restriction at the upper end of the
scale, especially in bright daylight conditions. If the range of values to be reported
is more than can be covered by a single transmissometer, it is necessary to use, with
present FAA instrumentation, a dual baseline system; i.e., one projector and two

separate receivers at different distances — or two entirely separate transmissometers.

RVR is computed from transmissometer measurements, and using Allard's Law or
Koschmieder's Law, depending, respectively, on whether the pilot can be expected to
obtain his main visual guidance from the runway lights or from the runway and its
markings. In other words, RVR is based on the visibility of the runway lights or of the
runway and its markings, whichever can be seen further. Factors which are included
in the computation of RVR are the background luminance (current U.S. operations

require day and night values) and the sefting of the high intensity runway lights.

3.3 DATA DISSEMINATION

At controlled airports with a weather station, visibility measurements and
their reporting are a joint responsibility of the National Weather Service (NWS) and
the FAA . If the visibility is three miles or better, it is usually measured by the NWS
and reported to the FAA control tower. This information is relayed to the arriving air-
craft by the controllers via voice radio link. Control tower personnel take visual observa-
tions using specified markers for visibilities from one to three miles. These observa-
tions are supplied to the pilot and to the NWS. Below 6,000 feet visibility, measure-
ments are made either by the personnel in the control tower using markers or by
transmissometers along the runway. The visibility values are expressed as RVR when

measured with the transmissometer and processed by a signal data converter.



If computations are done by computer, the RVR is usually presented
automatically in the control tower and approach control office using remote
digital displays; similar displays are installed in the mefeoroloéicd office or
observing station and, in some cases, at a few other points at the airport. If
atmospheric transmittance-RVR tables are used, the conversion is usually
done in the meteorological observing station, which then transmits the reports
to the users via the channel carrying other meteorological reports (e.g.,
telephone, telewriter, etc.). Attention is drawn to changes of special importance by
means of a warning light or buzzer. This is necessary for informing the control tower
when the system develops a fault or when the visibility falls below some predetermined

threshold.

In the meteorological station, control tower, or elsewhere, a recorder
monitors the RVR values displayed, with indications of the corresponding runway and
site, and of the time of all changes. In addition, it is common practice to record the
output of all transmissometers in operation, i.e., to record the atmospheric trans-

mittance at the various sites.

As an example, Figure 1 shows the visibility information flow in the Logan
International airport/aircraft system (Reference 2). Figure 2 shows more specifically

the RVR data flow in any airport/aircraft system (Reference 2).

To understand the controller-pilot interface in the visibility information
flow, the participation of each contreller in this data flow and the RVR values which

determine runway operations are reviewed below (Reference 3).

Approach Controller - Pilot. The approach controller has at his disposal

an RVR remote digital display unit which gives the RVR values for the given runway.
When the prevailing visibility or RVV is 1-1/2 miles or less or when RVR is 6,000 feet

3-6
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or less the visibility information is supplied to the pilot by the approach controller via

voice link (approach frequency).

Local or Final Controller - Pilot. The local controller also has at his disposal

an RVR remote digital display unit. RVR readings below 4,000 feet are supplied to the
pilot via voice link by the local controller. This takes place from the time that control

of the aircraft is transferred by the approach controller to the local conftroller,

Ground Controller - Pilot. The responsibility of the ground controller

consists of providing advisory information to the pilot during taxiing from the runway to
the airport terminal or vice versa. In cases of reduced visibility the ground controller

denies takeoff clearance in accordance with the following procedure and criteria:

"Inform the aircraft of the visibility and do not issue takeoff clearance
to an air carrier or commercial aircraft carrying passengers or property for
compensation or hire when any of the following conditions exists:

(1) When both touchdown and rollout RVR digital displays are available
for the departure runway and either of the following conditions exists:

(a) Touchdown RVR is less than 1,600 feet and rollout is less than
1,000 feet.

(b) Touchdown RVR is less than 1,200 feet regardless of the
rollout RVR indication.

(2) If only touchdown RVR is available for the departure runway and
either of the following conditions exists:

(a) At locations with an RVR digital display, RVR is less than
1,600 feet.

(b) At locations with an RVR meter, RVR is less than 2,000 feet
and prevailing visibility is less than 1/4 statute mile.

(3) 1f RVR is not available and ejther RVV or RVO is available for the
departure runway, RVV or RVO is less than 1/4 statute mile.

(4) IfRVR, RVV or RVO is not available for the departure runway,

the prevailing visibility for the airport of departure is less than
1/4 statute mile."

3-9/3-10
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4. PROPOSED ADDITIONAL FAA VISIBILITY INFORMATION

Various techniques for measuring, reporting, and predicting airport visibilities
have been proposed. Changes have been suggested not only for the method of measure-

ment but also for the quantity measured.

One visibility measuring system, slant visual range (SVR), which may be in-
stalled by the FAA in the future, is discussed in this section. The intent here is to
describe this system which could become operational over the next ten years and thus
impact on the FAA visibility equipment procurements during that time period. To pro-
vide a background and understanding of the proposed system, the measurement techniques
and data processing algorithms for this system are discussed. It should be indicated that
the SVR measuring system may have the capability to measure the Approach Light Contact
Height (ALCH).

In addition, a Taxiway Visual Range (TVR) system has been suggested. Under
reduced visibility conditions, this system would assist pilots as they taxi their aircraft
from the runway to the terminal. TVR is still in the conceptual stage; therefore, it is

not considered in this report,
4.1 SVR

SWVR can be defined as the slant distance to the farthest high intensity runway
edge light or approach runway light which a pilot will see at an altitude of 100 ft
(decision height) on the approach path or, if larger, the slant distance which would

have a constant transmittance of 5.5 percent .

A program conducted for the FAA by the Naval Weapons Support Center
(NWSC), formerly Naval Ammunition Depot (NAD), Crane, Indiana (References 4 and
5), evaluated techniques for determining approach zone visibility.* This effort com-

menced in May 1971, A comprehensive flight test program of National Aviation

* This program was based on the FAA-ER-450-042q Engineering Requirement.
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Facilities Experimental Center (NAFEC), and data analysis, complete system specifica-

tions were prepared for the FAA such that the system can be commercially produced.

The SVR measurement technique developed by NWSC is based on the use of
visibility measurements made from a tower placed af a given distance from the runway.
Tests have shown that meaningful predicticns of SVR can be made using fully developed
operational instruments. It is likely that a version of this system, discussed in detail
in the following sections, will become operational wfl‘hin the next few years. The FAA
plans to operationally test a prototype SVR system at a CAT Il airport beginning in the
last quarter of FY77, Although the system is still in the experimental and developmental
stage, the final version of this SVR system is not expected to differ significantly from
the present engineering model. It should be indicated that the proposed SVR system has
the possibility to be extended to report approach light contact height (ALCH).

Another type of SVR system has been proposed (References 6, 7 and 8). It is
based on Lidar (light detection and ranging) techniques and has been developed and
tested under FAA sponsorship. The Lidar technique is designed to give a measurement
of the visibility corresponding to what a pilot would see from a given altitude along a
path directed toward the runway. This Lidar SVR technique has been investigated for
many years. Prototype development is required before such a system can become

operational (Reference 7).

4.1.1 MEASUREMENT TECHNIQUE

The field configuration for an SVR measurement system would consist of two
forward scatter meters (FSM), two luminance meters, and one illuminance meter mounted
on a 100-foot fower. The tower would be offset 1,300 feet perpendicular to the

centerline of the runway 1,000 feet from the runway threshold. A diagram which



&

illustrates the configuration of the tower and its relative position to the runway is shown
in Figure 3. Figure 4 presents the block diagram showing the SVR system as proposed
by NWSC (Reference 9). A minicomputer would be used for data processing. The
flexibility of this system allows changes to signal processing algorithms if additional
visibility data is available. Additional sensors could be easily incorporated into the

system for special situations or improvements in instrumentation.

One FSM would be located at the 100-foot level of the tower and another
at the 10~foot level, Based on the measurements of these two FSMs, a vertical
variation of atmospheric forward scatter is obtained. As described subsequently,

these measurements are incorporated into an algorithm which gives SVR.

Under daytime conditions, one of the inputs into the proposed SVR system
is the illuminance threshold of the pilot. A method was formulated based on physical
measurements near the ground and computations to predict the pilot's background
illuminance. The computation assumes an atmosphere bounded by two infinite parallel
planes which is subdivided into two homogeneous layers: a Rayleigh scattering and a
Mie scattering layer. There are two luminance meters incorporated in the proposed
system ot the 50~ and 100~foot levels of the tower. The values measured by the two
luminance meters are utilized for the ALCH predictions from a regression equation

fitted to multiple scattering data.

4..1.2 DATA PROCESSING TECHNIQUE

The SVR data processing technique has been developed by the NWSC and

used at the test and evaluation installation ot NAFEC. Operation of the system over

a year allowed for proper debugging and verification (References 5 and 9).
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The intensity of the runway edge lights are 20,000, 4,000 and 800 cd
for the respective runway edge light settings 5, 4, and 3. The intensity of approach

lights are prorated according to setting and spatial distribution.

The computer system computes SVR for (1) night case or (2) day
case. The night case is chosen if the day-night photocell reads under 80 fc
and the day case is chosen if the day-night photocell measures an illumination

over 80 fc.

SVR Night Case = The computer calculates SVR based on the high intensity

runway lights as the source. If SVR < 900 fit (where the approach runway lights

start), it then calculates SVR based on the intensity of the approach lights.

The illuminance threshold (ET) necessary to see a high intensity runway

light is fixed in the computer as

By =7.174x 1078 %, (N

for the night case. The relationship between Egr d' and the high intensity runway

light ll( is expressed by the following relationship:

ET = TW . FR . lR ¢« exp ('3 o d' )/d'2, (2)
where, d' = SVR
w = 0.8 = aircraft windshield optical transmittance
FR = 1.0 for high intensity runway light setting of 5
0.2 for high intensity runway light setting of 4
0.04 for high intensity runway light setting of 3, 2, or 1,
'R = 20,000 cd (setting 5) and T is the mean atmospheric

extinction coefficient.



The values of SVR are obtained by numerically solving Equation (2) for

d'. The reported SVR values are in hundred feet increments.

The equation that relates G to other measurables is:

. c.,..+0C
= | 10 T
5 _[_._____.2 wm]/z, @

where 9 s the extinction coefficient measured at the SVR tower 10-ft level ,

G] 00 is the extinction coefficient measured at the SVR tower 100-ft

level, and

O‘T is the extinction coefficient at touchdown tfransmissometers.

If, by solving Equation (2) d' < 900 ft, then SVR is calculated based on
the intensity of the approach light since the first SVR value is smaller than the distance
from the pilot at DH to the lights. The distance d from the 100-foot DH to the Ist, 2nd,
3rd, 4th, and 5th approach runway light bars are approximately 900, 800, 700, 400,
and 500 ft respectively. Based on these predetermined distances d, allowable

extinction coefficients o, are calculated in accordance with the following equation:

0 = 4y lEp - &/ Ty« Fp - SO/, 4)

a

where E;s Ty, and F,, are defined as for Equation (2), and 5 is the intensity of the
approach runway light lamp* for setting 5 and in the pilot line of sight from the 100-foot
DH. The relationship between approach runway light setting F o and the luminous
intensity |, is the same as for the high~intensity runway lights. Table 2 gives the

relationship between approach runway light bars | A and d.

* The approach light system uses Q20A/PAR 56 lamps rated at 300 w.



TABLE 2. RELATIONSHIP BETWEEN APPROACH RUNWAY BAR NUMBER,
LAMP LUMINOUS INTENSITY, AND CORRESPONDING
DISTANCE TO GIVEN BAR FROM DECISION HEIGHT.

Approach Runway Light Luminous Lamp Intensity x5 Distance
Bar Number (cd)* (ft) -

1 I, = 104000 d; =905

2 I, = 100000 d, = 806

3 |3 = 93000 d3 =707

4 I, = 76000 -d, =608

5 | 5= 39000 d 5= 509

The extinction coefficient T (Equation (3) ) is then compared to % for the
first approach light. bar. If o <.T for the first approach light bar, then comparison
between G and % is made for the second approach light bar. The process is
continued until % 23, or until the first five light bars are checked. Once o is
found to be greater than G, the light bar which corresponds to the last computed o
is used to set SVR=d. If 00< G for the first five lights, SVR=0.

SVR Day Case = As in the night case, SVR is calculated based on the high
intensity runway lights if SVR > 900 ft, or approach lights if SVR < 900 ft. The

mean extinction coefficient G is calculated from Equation (3) as in the SVR night case.

The luminance meter reading of the high intensity runway lights ot 100 ft,

L100 is used as the luminance which determines the adaptation level.of the pilot. The
illuminance threshold Epis computed using the following equation **:
Ep = 107, _ (5)

*  For a justification of the integration effect of the lights (5) in a bar, see Reference 5.
*x H, R, Blackwell, Contrast Thresholds of the Human Eye, JOSA 36 624-646 (1946).



where y = agtopxt cxzx2 + 03x3, ©)

x = logyg Ty * Lygg) @)
ag = -7.6104,

ap = 640386,

a, = 06497,

ag = -0.0031469,

Lygo = reading of the 100-ft luminance meter (f2).

Thus, with T given by Equation (3) and ET defined by Equation (5), SVR can be com-

puted by numerically solving Equation (2).

If SVR =900 ft, the L,q value is used to calculate E; using Equation (35).
Then o, is computed as in Equation (4) and comparison between g and o _ is done the same
as for the night case approach runway lights. That is, 5 is compared to o, for each of
the first five light bars. For the first light bar for whicho < Ogr SVR is set equal to d,
the distance between pilot at DH and the light bar considered. If o >a  for all five

light bars, SVR =0,

Once an SVR is calculated by either of the above procedures, the following
check is then performed. Koschmieder's equation is applied to find the range d' at which

5.5 percent transmission exists for the estimated extinction coefficient 3. That is:
d' = 2,9/ (8)

If d' is greater than the SVR just calculated, then SVR is redefined as d'.

4,2 ALCH

The ALCH is the height on the glidepath ot which a pilot will see and should
continue to see a minimum of five light bars of approach lights at 100-ft spacings, if

extended to touchdown, assuming a standard cockpit cut-off angle of 15 deg.



ALCH Day and Night Cases - The ALCH calculations for day and night

conditions are discussed in the NWSC reports and documents (Reference 9). Since it

does not exist as of this time, an FAA requirement for ALCH is not discussed in this

report.
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5. VISIBILITY MEASURING SYSTEMSADEPLOYMENT ANALYSIS AND SCHEDULES

The purpose of this section is to develop a realistic schedule over the next
ten fiscal years (FY76-FY85), based on currently available data, for FAA deployment
of airport visibility measurement systems. This requires a detailed look ot the deploy-
ment criteria as they apply to long-range FAA planning. Airport visibility measurement
system requirements ;::re bound by the weather minimums allowable for aircraft takeoffs
and landings. Thus, the approach taken for the development of estimated deployment
schedules is to first identify the FAA visibility system requirements for each category.
A detailed analysis was made of projected runway category upgrading using eight
representative airports to determine estimates of the additional visibility equipment to
be procured, based on the FAA requirements. The existing and future runway networks
were determined from FAA documents in order to specify the approximate number of
runways which will require additional visibility measurement equipment. Finally,
based on the projected runway network and the estimated requirements for equipment

per runway, RVR and SVR deployment schedules were developed.

5.1 RVR DEPLOYMENT CRITERIA

The primary document for determining the criteria for installation of RVV and
RVR systems is FAA Order 6560. 10, "Runway Visual Range," (Reference 10). This
document describes the RVR system and specifies the visibility measurement system re-
quirements for all Cotvegory I, 1l, and 1l runways. Reference 10 has the following

statements regarding visibility system requirements and runway operational criteria.



5.1.1

llo‘

VISIBILITY SYSTEM REQUIREMENTS

The visibility system requirements follow (Reference 10).

All new and relocated transmissometer equipments are to be established
with a 250-foot baseline.

Siting and installation criteria for fransmissometer facilities are con-
tained in FAA-STD-008.

A retrofit program for existing installations, including replacement of
RVV/RVR meters (used as a primary system) with a digital readout, to
conform to these requirements should be established as funds become
available.

At those airports with identical low published RVR instrument minima

for more than one runway, the Flight Standards air carrier representa-
tive in cooperaticn with the Air Traffic Control Facility Chief, shall
determine which runway is to be the "Designated RVR Runway." This
designation shall not change unless the RVR landing minima ?tl)r that
runway changes or another runway supports a lower RVR landing minima.

Category |

(1) RVR systems will not normally be installed at low density Category
1 ILS focations unless a special operational requirement exists
which can be supported by a climatological study; i.e., dense
fog, blowing dust/sand, smog, etc., and the following additional
requirements are met:

(a) Air carrier operations are conducted on the ILS runway.

(b) }ke c;irporf has at least 700 Annual Instrument Approaches
1A).

(¢) Landing minimums of at least 200 feet decision height and
2400 RVR can be expected on the ILS runway.

(2) RVR systems presently installed at Category | locations not meeting
the above requirements, may be retained. Relocation will not be
authorized unless the above requirements are met.

(3) When RVR systems are being installed, only a touchdown system will
be required. Many of the present Category | RVR locations are
insfuﬂed on a 500~fcot baseline. Modification or relocation of
these facilities will not be affected, however, just to reduce the
baseline to 250 feet.

Category Il

(1) For operations at 1600 RVR or greater, only a touchdown transmissometer
is required.
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" (2) For authorization below 1600 RVR, transmissometers are required

at both the touchdown and rollout ends of the Category Il runway.
Additionally, a midpoint RVR will be required on a Category ||
runway when the runway length is in excess of 8,000 feet.

(3) When a Category | runway is upgraded fo a Category Il runway,
the rollout transmissometer must be on a 250-foot baseline. An
existing touchdown transmissometer may be retained on a 500-foot
baseline.

+

g. Ca'rego? 1A - Touchdown, midpoint and rollout systems will be
required for all locations. A 250-foot baseline will be required for
all systems,"

5.1.2 RUNWAY OPERATIONAL CRITERIA

RVR systems are not provided at all Category | locations. All Category Il
and I11A runways will be equipped with RVR in accordance with previously stated
requirements, Operational use will be predicated on all systems operating normally.
RVR data will be disseminated to pilots in accordance with air traffic control procedures

and as requested (Reference 2).
A summary of the runway operational criteria follows (Reference 10),

a. Arriving Aircraft
(1) Category | Weather Conditions (1800 RVR or greater)
(@) Touchdown RVR - required (controlling)

(b) If available, midpoint and/or rollout RVR will be provided
upon request

Note: Minima below 2,400 feet will not be authorized
unless Touchdown Zone (TDZ) and Centerline
Lighting (CL) are available.

(2) Category Il Weather Conditions (1200 RVR to 1800 RVR)
(a) Touchdown RVR - required (controlling)
(b) Touchdown RVR (controlling) and rollout RVR - required
whenever minima are less than 1600 RVR. Midpoint RVR

required for runways more than 8,000 feet in length.

(3) Category IlIA Weather Conditions (700 RVR to 1200 RVR)



" (@) Touchdown, midpoint and rollout RVR required.
, (Touchdown and midpoint RVR are controlling.)

b.  Departing Aircraft
(1) Weather Conditions 1600 RVR or greater
(@) Touchdown RVR (controlling)
(2) Weather Conditions below 1600 RVR fo 1000 RVR

(a) Touchdown minimum 1200 RVR; rollout minimum 1000 RVR
(both controlling)

Note: Minima below 1600 RVR will not be authorized unless
the runways are equipped with CL lights and two
operative fransmissometers.

(3) Weather Conditions below 1000 RVR when approved

(a) 700 RVR minimum for touchdown and midpoint RVRs. 600 RVR
minimum for rollout RVR. (All are confrolling.) " :

RVV equipment generally consists of a fransmissometer with a calibrated meter
output and is not coupled to a computer. The current trend is away from installation of
RVV, with most RVV systems being upgraded to RVR or replaced with a full RVR system

when the corresponding runway is upgraded or RVR equipment becomes available.

As shown in Table 3, Category | installations may have either one RVR or
none. The criteria for determining whether a Category | runway shall Be equipped with
an RVR is explicitly defined in the FAA Order 7031.B, "Airway Planning Standard
Number One - Terminal Air Navigation Facilities and Air Traffic Control Services"

(Reference 11). This criterion states:

"A Touchdown RVR system ... shall be installed with a Category | ILS
with approach lights (when funds and equipment become available) provided that the
airport can meet the requirements contained herein. Such qualification exists when

the sum of the following three equations as applied to that airport is equal to or exceeds1.0.



TABLE 3. FAA VISIBILITY MEASURING SYSTEM REQUIREMENTS AND RUNWAY OPERATIONAL CRITERIA
FOR ARRIVING AIRCRAFT.*

Visibility Measuring Systems

Visibility M'SV.R Runway Operational Criteria for
Category '(?f')ma Number & Type Requirements Arriving Aircraft ‘
None - -
I 1800 One RVV -- -
One RVR Transmissometer at touchdown RVR = 1800 ft
RVR touchdown controlling
One RVR Transmissometer at touchdown, Existing 1600 ft < RVR < 1800 ft
500-ft baseline acceptable. New instal- | RVR touchdown controlling
lations 250-ft baseline.
Two RVR Transmissometer at touchdown and at 1200 ft < RVR < 1600 ft
rollout RVR touchdown controlling
] 1200 Three RVR For runways longer than 8000 ft. Trans- 1200 ft < RVR < 1600 ft
missometer at touchdown, midpoint and RVR touchdown controlling
rollout
Three RVR & Addition of SVR for DH = 100 ft 1200 ft < RVR < 1600 ft
One SVR** RVR touchdown controlling
Three RVR Transmissometer at touchdown, midpoint 700 fr < RVR < 1200 ft
and rollout. All transmissometers will be | RVR touchdown controlling
250-ft baseline. RVR midpoint controlling
A 700" "Three RVR & | Addition of SVR for DH = 100 fr 700 ft < RVR < 1200 ft
One SVR** RVR touchdown controlling

RVR midpoint controlling

*Based on data from Reference 10,
**SVR is not currently an FAA requirement; it is part of a future plan,




0.5x AEP x (107 = P 9)

0.2 x AlA x (7.14x 1074 = A (10)
0.3xVIZx (1.28x107%) = v )
where:
AEP = Annual Enplaned Passengers,
AIA = Annual Instrument Approaches,

VIZ = Mean Number of Annual Hourly Observations with
Visibility < 1/2 Mile,

-
i

Passenger Factor,

Instrument Approach Factor,

Visibility Factor.

[P+A+V = 1,0 to qualify for RVR installation]

The sum of equations (), (10), and (11) is called the RVR

Installation Index.
Note 1. Any airport with less than 15 annual hourly observa-
tions of visibilities of 1/2 mile or less shall not qualify for an
RVR system regardless of index value.
Note 2. The RVR is specified as a component of the Category
Il and Category Ill ILS within Order 6560.10, dated September
12, 1972 (or most recent revision), subject, ‘Runway Visual
Range RVR).'"

Exceptions to the above criteria will be considered if supported by a staff

study and the recommendation of the Regional Director.

At an airport with multiple Category | ILS runways, only the primary runway
will be considered for an RVR system. (Installation of multiple RVR systems will be con-

sidered if supported by a staff study and the recommendation of the Regional Director.)
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The siting criteria and installation standards for RVR equipment are con-
tained in FAA Order 6990.3, "Siting and Installation Standards for Runway Visual
Range Equipment for Category | and 1l Operation, " (Reference 12). This FAA Order
details the criteria for site selection, alignment, tolerances, and placement of equip-
ment. The preferred location of a touchdown transmissometer is with the projector
placed near the glideslope building (ILS) and the receiver 250 feet away toward the direction
of aircraft approaching the ILS runway. Neither unit can be closer than 400 feet from
the runway centerline or closer than 150 feet from the taxiway centerline. An angle of
14,5 degrees is rﬁainfained between the centerline of the runway and the baseline
between projector and receiver. The beam shall be directed away from the runway.
Specifications for other transmissometers and alternate locations are also noted in the

same order.
5.2 SVR DEPLOYMENT CRITERIA

As discussed earlier, the SVR system is at the experimental stage.
Since it may become operational during the time frame analyzed (FY76-FY85), an
estimate of an SVR deployment schedule is included. Discussions on deployment
of this equipment with FAA Headquarters personnel* indicate that the following

assumptions are reasonable:

There will be, at most, one SVR system per airport.

SVR will be used at Category Il installations which have
a minimum DH of 100 feet.

SVR will not be operational before 1978, but may be in
operational tests at about that time.

The SVR deployment schedule presented herein is based on the above assumptions and

the following additional assumption:

* Hilsenrod, A. (FAA ARD-451): July 1975,
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Since the SVR is an advanced system, its deployment is likely to
follow the pattern of initial Category 11l installations.

No justification for the above additional assumption is given-cther than that it seems

reasoncble, and that no other criteria have been selected by the FAA,

5.3 PRESENT RVR SYSTEMS DEPLOYED AND/OR IN FAA INVENTORY

The RVR systems currently deployed in the United States are summarized in
Table 4 (References 13 and 14). The runway network existing in 1975 is identified in
terms of the number of Category 1, I, and IIIA runways in operation, and the RVR

systems installed ot each.

TABLE 4. FAA DEPLOYED AND/OR APPROVED RVR SYSTEMS
PER RUNWAY CATEGORY AS OF 1975.

Runways RVR Systems
Total Averoge Number
Category Number Number Per Runway
-1 586 271* 0.46
I 48 77 1.60
A 2 6 3.00
* Includes those with RVV only.

The status report of Category |l locations* identifies 36 commissioned Category

Il runways and 2 commissioned Category IIlA runways. In addition, 12 runways are
expected to be upgraded to Category |l during 1975 (Table 5). Thus, there would be
a total of 48 Category Il runways by the end of 1975. The FAA National Aviation System

Plan, Fiscal Years 1976-1985 (Reference 13) indicates 37 commissioned and 11 approved

* Status Report of Category |l Locations, FAA Memorandum from Chief, Program
Management Staff, ATF-4, April 17, 1975,
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TABLE 5. FAA FY75 RVR TASKER SYSTEMS MODEL 500 UNDER
PROCUREMENT AND/OR PROPOSED DEPLOYMENT, *

Airport/Location

No. of RVR Systems

Installation Purpose

QO'Hare International

Chicago, lllinois 3

Newark International 2

Newark, New Jersey Upgrade to

John F. Kennedy International 3 CATII

New York, New York

LaGuardia Airport 2

New York, New York

Akron/Canton Regional )

Canton, Ohio

Snohomish County (Paine Field) i

Everett, Washington Replacing

Kansas City International 1 Obs.oiel‘e

Kansas City, Missouri Equ:pm?nf
Upgrading

Pleasant Hill Landing Strip
Mansfield, Ohio

Spokane International
Spokane, Washington
Muni Airpori
Youngstown, Ohio

from RVV, etc.

+ *Hilsenrod, A. (FAA ARD-451): Correspondence to H. Iagrao (DOT/TSC), 13 March

1975. Regarding FAA FY75 RVR equipments under procurement.

1



Category Il installations for 1975, which also totals to 48 runways by the end of 1975.
Only two runways are commissioned Categery 1A with no other Category HIA runways

to be commissioned in 1975,

There are a total of 77 RVR systems installed on the Category Il runways.
This implies there is an average of about 1.6 RVRs per Category Il runway. Each

Category I11A runway has three RVRs.

The FAA ten-year plan (Reference 13) indicates a total of 586 Category |
runways for 1975 (465 commissioned and 121 approved but not yet commissioned). The
FAA Airway Facilities Service Master File (Reference 14) indicates that there is a total
of 363 transmissometers and RVR systems in the- field. Subtracting the number at
Category |l and I1IA locations, as well as the number decommissioned, indicates that
visibility equipment is at 271 Category | locations. Since there is, at most, one
RVR per Category | runway, this implies that RVR equipment is af 46 percent of those

locations (including locations which have only a fransmissometer).

The FAA Airways Facilities Division in Washington indicated that there
will be procurement of visibility equipment in FY76; however, the final procurement

requirements have not yet been determined.

The current FAA supplies of visibility measuring equipment are shown in
Table 6.* The main items in the inventory are the Tasker RVR systems Model 400
(items RVR 400) and Model 500 (items RVR .500). The Mode! 400 is no longer manu-
factured, thus there will be no replacements for these stock items.

These and other commercially available visibility items are described in Section 6.

* Hilsenrod, A. (FAA ARD-451): Correspondence to H. Ingrao (DOT/TSC)
July 11, 1975. Regarding FAA inventories of visibility equipment and cabling
costs.

5-10

Y



TABLE 6. FAA INVENTORY OF TASKER SYSTEMS VISIBILITY
MEASURING EQUIPMENT AS OF JULY 11, 1975.*

9266-00-605-80861

Support Tower Assembly,
Modified

Number
FAA Stock Number Description of Units
RVR 400/1 Signal Data Converter 25
6660-00-432-57661
RVR 400/2 Power Supply and 24
6660-00-432-57671 | Control Unit
RVR 400/4P RVR Remote Display 80
6660-00-432-57681 | Programmer
RVR 400/12T Transmissometer 25
8200-00-300-08551 | Support Tower Assembly
RVR 500/1 Computer Main 5
9066-00-605-07761 | Frame
RVR 500/2 Signal Data Converter 14
9066-00-605-07771 | Module
RVR 500/4P RVR Remote Display 5
9066-00-605-07781 | Programmer
. RVR 500/3 Ambient Light Sensor 5
9066-00-605-07081
RVR 500/10 Transmissometer System 24
9260-00-609-44391
RVR 500/12TM Transmissometer 63

* Hilsenrod, A. (FAA ARD-451): Correspondence to
H. C. Ingrao (DOT/TSC) dated July 11, 1975,
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5.4 RVR SYSTEMS DEPLOYMENT ANALYSIS FOR FY76-FY85

This section presents the RVR systems deployment analysis. . Deployed RVR
equipment was recorded and determinations made from the projected runway improve~
ments as to what additional visibility equipment will be required, The same air traffic
hub structure developed by the FAA and used in economic and operations research
procedures is used in this study to group representative airports that serve the different

hub types.

The following presents an understanding of air traffic hubs based on the FAA
description (Reference 15). Air traffic hubs are not airports; they are the cities and
Standord Metropolitan Statistical Areas (SMSA) requiring aviation services. An SMSA
is comprised of a county that contains at least one city of 50,000 popﬁlafion , or twin
cities with a combined population of at least 50,000, plus any contiguous counties
that are metropolitan in character and have similar economic and social relationships.
These metropolitan areas constitute a primary focal point for the transportation research
program of the FAA, and the analyses of individual cities within an crea are treated in
relationship to the entire area. In those instances where two or more individually

certificated communities are located in an SMSA, those communities are grouped under

the SMSA definition.

Individual communities fall into four hub classifications (see Table 7) as
determined by each community's percentage of the total enplaned revenue passengers
in all services and all operations of U. S. certificated route air carriers within the 50
States, the District of Columbia, and other U. S. areas designated by the FAA. FY74

hub classifications are based on 198,545,371 total annual enplaned revenue passengers.
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TABLE 7. PERCENTAGE AND NUMBER OF ENPLANED PASSENGERS IN HUB
CLASSIFICATIONS FCR FY74.

Hub Percent of Total - Number of
Classification Enplaned Passengers Enplaned Passengers
Large (L) 1.00 or more 1,985,454 or more
Medium (M) 0.25 to 0.99 496,363 to 1,985,453
Small (S) 0.05 to 0.24 99,273 to 496,362
Non=hub (N) Less than 0.05 Less than 99,273

Geographic locations of the air traffic hubs are shown in Figure 5.

The individual airports selected included: William B. Hartsfield Atlanta
International, Gen. Edward L. Logan International, O'Hare International, Los Angeles
International, John F. Kennedy International (all large hubs); San Antonio International
(medium hub); Bangor International (small hub); and Long Beach/Daugherty Field (non=-
hub).

This selection was made in order to consider "typical” requirements for a
complete range of airports (large, medium, small, and non air traffic hubs). Large hub
airports dominate the sample, but large hubs are also the locations ot which the majority

of the upgradings to Category Il and Il1A take place.

The detailed deployment analysis for each airport is presented in this section.
The primary sources of information for the airport data are the FAA Airways Facilities
Service (Reference 14), Jeppesen approach charts (Reference 16) and FAA Headquarters
correspondence.* The Airway Facilities Service provided information on existing and
planned visibility equipment, and the Jeppesen charts were used to identify information

such as runway lengths and landing decision heights.

*Status Report of Category 1l Locations, FAA Memorandum from Chief, Program
Management Staff, ATF=4, April 17, 1975,
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5.4.1 LARGE AIR TRAFFIC HUBS
5.4.1.1 WILLIAM B. HARTSFIELD ATLANTA INTERNATIONAL AIRPORT

The runway layout for this airport is given in Figure 6. A summary of the

current runway data is shown in Table 8.

A) Present Deployment

The William B. Hartsfield Atlanta International Airport (serving Atlanta,
Georgia) is one of two airports currently equipped with a Category IlIA runway (the

other is Dulles International).

There are a total of five RVRs at Hartsfield Atlanta airport. There are five
transmissometers and five corresponding RVR computers. All transmissometers are on a
250-foot baseline. Runway 9R-27L is currently equipped with three transmissometers.
Because of the equipment locations, relative roﬁunwoy 9L-27R, RVR capability exists

when and if Runway 9L-27R is upgraded.

B) Proposed Deployment

No additional runways at Hartsfield Atlanta airport have been identified at
the present time for upgrading to Category Il or I1IA.- The only additional RVR purchase
anticipated at this time is the establishment of a midpoint RVR forRunway 8. A midpoint
RVR will be required for the 8-26 runway (10,000 feet) due to the Category |1 appreach
to Runway 8. Visibility information provided by deployed RVR equnpmen’r on other run-

ways will be useful for Runway 15 coverage.

Based on SVR deployment criteria (Subsection 5.2) such a system is expected

to be deployed at Runway 9R.
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FIGURE 6. RUNWAY LAYOUT OF WILLIAM B, HARTSFIELD ATLANTA
INTERNATIONAL AIRPORT.
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TABLE 8. RUNWAY AND RVR DATA SUMMARY (WILLIAM B. HARTSFIELD
ATLANTA INTERNATIONAL AIRPORT). *

Runway Operation

Projected Ch
Usable - Present (FY75) rc,('ﬁ\??Z-FE(;;?es

Designation | Length

(Ft CAT Min. DH Miv(mf.)RVR RVR cAT | Add'l. RVR | Est.
T

{ft) Equip?™ Equipment |Date

8 10,600 | Il 150 1,600 2rvR | Neone |1 MidpointRVRIFY76
26 10,000 | 1 200 2,400 - |-
R 9,000 | 1A None 700 3RVR | None - -
271 9,000 | | 250 4,000 :
oL 8,000 | NPA NA 5,000 - None - _

27R 8,000 | NPA NA 4,000

15 7,387 | VRR NA NA
33 9,067 | VFR NA NA

- Nore| - -

NPA  Non-Precision Approach
NA  Not Applicable

VFR  Visual Flight Rules

* References 14 and 16
i RVRs use IRA computers

***  Runways 9L, 27R, and 33:could use one of the three transmissometers on Runway 9R-27L.
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5.4.1.2 GENERAL EDWARD L. LOGAN INTERNATIONAL AIRPORT

The airport layout plan for Logan International Airport (serving Boston,

Massachusetts) is shown in Figure 7, and the runway data summary is shown in Table 9.

A) Present Deployment

Currently Logan International has three transmissometers, two on 250-foot base-
lines on runways 4R and 33L and one on a 500~foot baseline on runway 22L. There
are two computers, one each for the transmissometers at 4R and 33L (Tasker 400s). No
computer is currently in operation for the transmissometer at 22L; thus, it is used for

determining RVV rather than RVR.,

B) Projected Deployment

The only plan at Logan International is to eventually upgrade runway 4R to
Category 1. There are many problems associated with this. The primary one is that
to use more of the runway for landing in Category 11 conditions, approaching aircraft
may be low enough to encounter ships' masts passing in the adjacent channel and/or
obstructions at Castle Island. Thus, until this is resolved, 4R will remain Category |.
When it is upgraded to Category 11, the RVV at the rollout end must be upgraded to an
RVR (i.e., a computer installed in the tower to calculate RVR). Two additional RVR
sites, one at the intersection of Runways 15R-33L and 4R-22L and the other at the
rollout end of 33L, must be installed for a total of three RVRs on 4R. This is required
since the usable length will be ircreased to beyond 8,000 feet. Hypothetically, if 4R
were then to be upgraded from Category Il to IlIIA, ro additional visibility equipment

would be required.

Based on SVR deployment criteria (Subsection 5.2), such a system is expected

to be deployed at Runway 4R.
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TABLE 9. RUNWAY AND RVR DATA SUMMARY (GENERAL EDWARD L. LOGAN
INTERNATIONAL AIRPORT). *

Runway Operation
’ Projected Changes
Usable Present (FY75) vl
Designation Le(n th T TR A T (FY76‘l FY85)
(o in. in. Add'l. RVR | Est.
CAT (Ft) (ft) Equips* CAT Equipment |Date
4R 7,493 | 200 2,400 TRVR | 1l 1RWVR Indef.
) e e de
221 10,000 | NPA NA NA 1 RVV Upgrade to
RVR
4 7,870 | NPA NA NA + None - -
2R 7,042 | NPA NA NA None
9 7,021 | VR | NA | NA * | None ) )
27 7,021 | NPA NA | NA None
1R 9,190 | 1 250 | NA Nore | None _ )
33L 10,080 | 200 2,400 1 RVR
15L 2,468 | VPR | NA | NA None | None N )
33R 2,468 | VFR NA NA None

NPA  Non-Precision Approach
NA  Not Applicable

VFR  Visual Flight Rules
* References 14 and 16
** RVRs use Tasker 400 computers

*#%  Date for upgrading runway 4R to CAT |l delayed pending resolution of how to handle
problem of ships' masts possing in adjacent channel.

+ Runways 4L ond 9 each use Runway 4R RVR for takeoff.

(4]
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5.4.1.3 O'HARE INTERNATIONAL AIRPORT

An airport layout plan is shown in Figure 8. The runway data summary

for O'Hare International Airport (serving Chicago, lllinois) is shown in Table 10.

A) Present Deployment

O'Hare International is currently the only airport in the U.S. with two
Category Il runways. There are currently four RVR and 1RVV systems deployed at O'Hare

International as shown in Figure 8 and noted in Table 10.

B) Proposed Deployment

Except for establishment of Category IIIA on Runway 141, specific FAA plans for
O'Hare have not been finalized; the projected changes identified in Table 10 are those

which the airport operator anticipates over the next 10 to 15 years. *

As shown in Table 10, four additional RVR systems (Runways 4R-22L and
9R-271) will be required at O'Hare. Currently all RVR computers are manufactured by

IRA; however, the FAA has included five Tasker Systems Model 500 for O'Hare Interna~

tional Airport in their FY75 requests, **

C) Remarks

Projected additional instrument approaches to O'Hare include Category I1IA
on Runway 14R, and Category | approaches to 4R~22L, and 9L. Additional transmis—
someter requirements will be for a midpoint RVR on 14R-32L, midpoint RVR on 14L-32R,
and touchdown rollout RVRs on 4R-22L.

Based on SVR deployment criteria (Subsection 5.2), such a system is expected

to be deployed at Runway 14R,

*Downes, W. E,, Jr. (Commissioner of Aviation, Dept. of Aviation, Chicago, HHlinois):
Correspondenceto J. R. Wiley (Aerospace Systems, Inc.) April 14, 1975. Regarding
existing and planned visibil ity systems at O' Hare Airport.

**Hilsenrod, A. (FAA ARD-451): Correspondence to H. Ingrao (DOT/TSC) 13 March, 1975.
Regarding existing and planned visibility systems ot O'Hare Airport.
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TABLE 10. RUNWAY AND RVR DATA SUMMARY (CHICAGO O'HARE

INTERNATIONAL AIRPORT). *

Runway Operation
Usable Present (FY75) Fro&e;;eé{lgg:g)ge
Designation | Length
) | car [ Min. DH | Min. &R [ RR T T Add'l. RVR [Est.
(1) (ft) Equip. Equipment |Date
4R 8,070 | NPA 260 NA None | | 1RVR Indef
221 8,070 | NPA 250 NA None | I 1RVR
a 7,500 | NPA | NA | NA 1RW | | lUpgradetoRVR | Indef.
22R 7,500 | NPA 250 NA I
9R 10,140 | 1 200 NA None | | 1 RVR 19805
27L 10,140 | 1 200 NA None | | 1 RVR
9L 7,416 | NPA NA NA B 1 -
Indef.
2R 7,416 | 200 2,400 *k | -
14R 11,600 | N 100 1,200 2RWR IIA 11 MidpointRVR | FY76
321 11,600 | 200 1,800 I - -
14L 10,003 | I 100 1,200 2 RVR IHA |1 MidpointRVR | FY76
IR 10,003 1 200 2,400 | - -
18 R 5,341 | VFR NA NA None None - _
36 5,341 | VFR NA NA None

NPA - Non=Precision Approach

NA
VFR

*

* ¥

*k ik

Not Applicable
Visual Flight Rules

Hilsenrod, A. (FAA ARD-451): Correspondence to H. Ingrao (DOT/T5C) 13 March 1975.
Regarding FAA FY75 RVR equipment under procurement .

Downes, W.E, (Commissioner of Aviation, Department of Aviation Chicogo, Wlinois):
Correspondence to J. R. Wiley (Aerospace Systems, Inc.) 14 April 1975, Regarding existing
and planned visibility systems at O'Hare International .

References 14 and 16.

RVRs currenﬂi/ have IRA computers; however, five Tasker 5005 have been procured
(FY75) to replace current computers.

Runway 9L uses 4L RVV, 27R uses 32R RVR,
Runway 36 used for takeoff only.




5.4,1.4 LOS ANGELES INTERNATIONAL AIRPORT

The airport layout and runway data summary for Los Angeles International

Airport are shown in Figure 9 and Table 11, respectively.

A) Present Deployment

Los Angeles International currently has four RVR systems which serve as

touchdown and rollout for all four major runways. Each RVR currently uses an SSR

Model FAA 7871 Signal Data Converter.

B) Projected Deployment

The changes anticipated at Los Angeles International are the installation of
a Category |l runway ot 6L=24R in FY76 and upgrading of 25L to Category Il at some
indefinite time in the future. The FAA onticipates installation of a Category 111A
runway at Los Angeles International sometime in FY77, probably runway 24R or 25L.

The only visibility equipment procurements required to meet these changes
are the installation of midpoint RVRs on both 24R and 25L. Thus, regardless of which
runway is eventually upgraded to Category 1A, no other visibility systems will be
required.

Based on SVR deployment criteria (Subsection 5.2), such asystem is expected

to be deployed at Runway 24R.

LY
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TABLE 11. RUNWAY AND RVR DATA SUMMARY (LOS ANGELES
INTERNATIONAL AIRPORT). *

Runway Operation
Projected Chaonges
] . Usable Present (FY75) (lFY76-FY85)g
Designation | Length Min. DH | Min, RVR | RVR Add'l. RVR | Est
t in. in, . st.
CAT (ft) {ft) Equips™ CAT Equipment |Date
R | 9,958 |1 200 | 2,400 2RV | None - _
241 10,284 | | 250 4,000 -
6L . 8,924 | VFR NA NA oes None 1 Midpoint v
24R 8,924 | 1 120 1,200 i FY76
7R . 11,992 | NPA NA 5,000 2 RVR None 1 Midpoint RVR -
251 11,401 | 200 2,400 . I Indef.
7 12,090 | I 200 240 | none| .. )
25R 1,490 | | 200 2,400

* References 14 and 16.
** RVRs use SSR Model FAA 7871 Signal Data Converter.
*** Each RVR serves two parallel runways.
+ FAA anticipates installation of a CAT I11A runway (probably 24R or 25L) in FY77.




5.4.1.5 JOHN F. KENNEDY INTERNATIONAL AIRPORT

The airport layout plan for the John F. Kennedy International Airport
(serving New York City) is shown in Figure 10; the runway data summary is shown

in Table 12,

A) Present Deployment

Currently there are five RVR systems at Kennedy, each of which uses an

IRA computer.

B) Proposed Deployment

The FAA FY75 visibility equipment procurement identifies three Tasker
System 500s for Kennedy International for the purpose of upgrading to Category Il.
Since runway 13L is scheduled for Category Il operations in FY76, presumcbly the
existing IRA computer for the 13L rollout RVR will be replaced with the Tasker 500,

and the new touchdown and midpoint RVRs will also use Tasker 500 equipment.

The FAA has selected Kennedy International Airport for one Category
I1IA runway in FY76, probably runway 4R. This will require installation of a midpoint
RVR. No other projected changes at Kennedy Airport will require the installation of
new visibility equipment.

Based on SVR deployment criteria (Subsection 5.2), such asystem is expected

to be deployed at Runway 4R.
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TABLE 12. RUNWAY AND RVR DATA SUMMARY (JOHN F, KENNEDY
INTERNATIONAL AIRPORT). *

Runway Operation
Projected Ch
Usable Present {(FY75) O(I:YC7Z_FY;;)9 b
v Designation | Length -
(Ft cAT | Min. DH Min. RVR | RWR CAT Add'l. RVR | Est.
(Ft) (ft) Equip. Equipment | Date
4R 8,400 | I 100 1,200 2rvR | A T MidpoimtRVR]| FY76
221 8,400 | | 200 1,800 i
4 11,352 | | 300 NA Nene | None - .
22R 8,330 | | 250 NA None
13R 11,972 | NPA NA NA 28vR |1 - Indef.
3iL - 1,252 |1 250 4,000 .~
4
13L 9,0]5 I 200 NA None ] 2 RVR*** | FY76
3R 8,976 | | 250 4,000 1RWVR |1
14 2,762 | VFR NA NA " | None N
one - -
32 2,762 | VFR NA NA None :
NPA  Non-Precision Approach
NA  Not Applicable
VFR  Visual Flight Rules
* Hilsenrod, A. (FAA ARD-451): Correspondence to H. Ingrao (DOT/TSC) 13 March 1975.
Regarding FAA FY75 RVR equipment under procurement .
References 14 and 16.
** RVRs use IRA computers.
» *#**  Touchdown RVR to be instelled ot 13L FY76. Midpoint RVR installation indefinite.




5.4.2 m%lglcl).lm_ AIR TRAFFIC HUB — SAN ANTONIO INTERNATIONAL

The airport layout plan for San Antonio International Airport is shown in

Figure 11; the runway data summary is presented in Table 13.

A) Present Deployment

The San Antonio International Airport currently has three RVR systems.
The RVR system on 12R rollout also serves as the touchdown RVR for 3R. All RVRs use

the IRA computers,

B) Proposed Deployment

Although no definite plans for runway upgrading have been made by the
FAA, the projected changes identified in Table 13 are those which the airport
opel;utor anticipates.* Upgrading runway 12R to Category [lIA will not require
additional RVRs, since three olready exist. Since runway 3R is less than 8,000 feet,
upgrading it to Category |l would require installation of only a rollout RVR. Runway
12L is planned to be extended to the length of 12R, and if upgraded to Category Il,
would probably require two additional RVR systems. The touchdown RVR on 12R may

meet the siting criteria for 12L as well.

Based on SVR deployment criteria (Subsection 5.2), such a system is expected
to be deployed at Runway 12R.

*Rafferty, T.A. (Director of Aviation, Department of Aviation, San Antonio, Texas):
gorrespondence to J. R. Wiley (Aerospace Systenis, Inc.), March 17, 1975, Regard=-
ing existing and planned visibility systems at San Antonio International.

“
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TABLE 13. RUNWAY AND RVR DATA SUMMARY (SAN ANTONIO
INTERNATIONAL AIRPORT). *

Runway : Qperation
' Projected Ch
. Usable Present (FY75) ) ) ro€;¢7:-weusgges
Designation | Length -
(ft CAT Min, DH | Min. RVR | RVR __ | ~a1 Add'l. RVR | Est.
() (ft) Equip. Equipment | Date
3R 7,502 | | 250 NA *Ek I 1 rollout RVR | FY80
21L 7,502 | NPA NA NA - None - -
3L 2,624 | VFR NA NA None
~ | None - -
21R 2,624 | VFR NA NA None
128 8,500 | I 10 | 1,600 |3RVR A - FYED
30L 8,500 | | 200 2,400 None - -
12L 3,601 | VFR | NA NA None |l + FY80-
FY85
30R 3,601 | VFR NA NA None |- - -
17 2,400 [ NPA NA NA Nore |n\one _ _
35 2,400 | VFR NA NA None
NPA  Non-Precision Approach
NA  Not Applicable
VFR  Visual Flight Rules
* Rofferty, T.A. (Director of Aviation, Department of Aviation, San Antonio, Texas):
Correspondence to J.R. Wiley (Aerospace Systems, Inc.) 17 March 1975, Regerding
existing and plonned visibility systems at San Antonio Internaticnal .
References 14 and 16.
bl RVRs use IRA computers.
rE 12R rollout RVR is also used as touchdown for 3R.
+ Runway 12L may be extended to 8,500 ft and made CAT Il. This projection is very

indefinite.

"



5.4.3 SMALL AIR TRAFFIC HUB — BANGOR INTERNATIONAL AIRPORT

The airport layout for Bangor International Airport is shown in Figure 12;

the runway dota summary is shown in Table 14.

A) Present Deployment

Bangor currently has two transmissometers, one at each end of the runway,
each one on a 500-foot baseline. There is one computer, a Cardion AN/FNN/1.
A switch in the control tower enables the controller to select the transmissometer
signals which are processed by the computer. Thus, depending on wind direction
and weather, either transmissometer may be part of a full RVR system. Since there is

only one computer, however, both transmissometers cannot be used at the same time

for RVR,

B) Projected Deployment

The FAA has no definite plcm§ for upgrading runway 15-33. No SVR

deployment is anticipated.

C) Remarks

However , if this runway were ever upgraded to Category 11, a midpoint RVR
system would be required. Also, an additional RVR computer would be required for the
existing transmissometers. |f the runway were subsequently upgraded to Category I11A
from Category |1, no additional visibility equipment would be needed to meet the |

present FAA requirements.
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TABLE 14. RUNWAY AND RVR DATA SUMMARY (BANGOR
INTERNATIONAL AIRPORT). *

ke

Therefore, either transmissometer may be part of a full system.

Runway Operation
1 Usable Present (FY75) Pro(',:e\(:;:‘,i_pcyh;g;ges
Designation | Length .
(ft CAT Min. DH| Min. RVR | RWVR caT | Add'l. RWR | Est.
() (fr) Equip. Equipment | Date
15 11,438 | NPA NA 4,000 * None None -
‘ 33 11,438 | | 200 | 2,400 ok None -
NPA  Non-Precision Approach.
NA  Not Applicable.
ok References 14 and 16.

There are two transmissometers; one computer (Cardion AN/FNN/1) can serve either.




5.4.4 NON-=-HUB — LONG BEACH (DAUGHERTY FIELD) AIRPORT

The airport layout for Long Beach (Daugherty Field) Airport is shown in

Figure 13; the runway data summary is shown in Table 15.

A) Present Deployment

Long Beach Airport currently has one RVR system, and that is near the

touchdown end of runway 30; the RVR uses an IRA computer.

B) Proposed Deployment

No FAA plans for installing a Category |l or Category II|A runway have
been made, since this airport is so close to Los Angeles International and since it is

primarily a general aviation facility.

No SVR deployment is anticipated.

C) Remarks

Considering the layout of the airport, if runway 30 were upgraded to
Category 11, both a midpoint and a rollout RVR system would be required. [f subsequent
to that, runway 30 was made a Category I1IA installation, no additional RVR systems

would be required.
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TABLE 15. RUNWAY AND RVR DATA SUMMARY (LONG BEACH
[DAUGHERTY FIELD] AIRPORT). *

Runway Operation
3 d Ch
Usable Present (FY75) P'°(§§f7°6-w§'§)9’ e
Designation | Length - -
(fl’ CAT Mm. DH Mln. RVR RVR . CAT Addll . RVR Esf.
(1) (ft) Equip. Equipment | Date
7R 5,420 | VFR NA NA None
‘ None - -
251 5,420 | VFR NA NA None
7 4,88 | VIR | NA | NA Nore | Mool - - )
25R 5,661 | NPA NA NA None
12 8,651 | NPA| NA | NA None | Nong } .
30 10,000 | ! 250 4,000 TRWR
16R 4,69 | VIR | NA | Na None | nonol - )
34L 4,460 | VFR NA NA "None
16L 3,842 | VFR NA: | NA None | rione _ )
34R 3,965 | VFR | NA NA None
NPA  Non-Precision Approach
NA  Not Applicable
VFR  Visual Flight Rules

*%

References 14 and 16
The RVR uses an IRA computer.




5.4.5 SUMMARY

A summary of the results is shown in Table 16. Although the sample is small, it
is felt that the average of new RVR equipment required per given runway is typical for similar

runway categories at other locations.

When installing a new Category Il runway, one additional RVR is always required
at the rollout end for operations with RVR below 1,600 feet. Also , the runway selected for
Category |l status is typically the primary runway at the airport and, as such, is nearly
always greater than 8,000 feet. Thus, it requires a midpoint RVR as well. These situations
are tempered by the cases where an RVR on one runway also serves another or the runway is
less than 8,000 feet long. Thus, the average of 1.33 additional RVRs per new Category Il

installation is heuristically reasonable.

Nearly all planned Category IIIA upgradings are on runways greater than 8,000
feet. They are usually the same runways which required three RVRs when upgraded to
Category Il. Thus, the average additional RVRs required per Cdtegory IlIA runway would be
considerably less than one, and the average additional RVRs required for a new Category

I1IA runway determined in Table 16 seems acceptable.

5.5 ESTIMATED DEPLOYMENT SCHEDULES (FY76-FY85)

Based on information presented earlier, estimated deployment schedules have

been developed for RVR systems followed by estimates for SVR deployment.



TABLE 16. SUMMARY OF PROJECTED RVR VISIBILITY MEASURING EQUIPMENT REQUIRED TO UPGRADE
RUNWAYS (FY76-FY85).

New CAT | Upgrade to CAT 11 Upgrade to CAT lHA

ov-¢

Airport/Hub or Location

Number of
Runways

A‘ddi tional
RVR

Number of
Runways

Upgrade
RVV

Additional
RVR™

Number of
Runways

Additienal
RVR

Lorge Hubs:

William 8. Hartsfield
Atlanta lnternctional
Atlanta, Georgia

Gen. Edward L. Logan
Interngtional
Bosion, Massachusetts

O'Hare International
Chicago, llinois

Los Angeles International
Les Angeles, Cclifornia

John F. Kennedy International
New York, New York
Medium Hub:

San Antonio International

San Antenio, Texas

Stngii Hub:

Bengor [niernational

Bangor, Maine

Non=Hub:

rong Zeach (Davgherty Field)
Long 8eech, Cclifornia

]t

]*

2*

2%

2*

TOTAL

Additionai RVR
Number of Corresponding

Runways

*Number of CAT 1A Runwoys proposed by upgrading ol! CAT Il Runways,

0.17

10




5.5.1 RVR SYSTEMS DEPLOYMENT

The number of improved and new Category I, 11, and HIA runways which
are planned through 1985 are determined primarily from information contained in

the FAA ten-year plan (Reference 13).

The following indicates the fiscal year and location of airports which will

have Category 1A runways.*

Seattle, Washington FY76
Houston, Texas FY76
Kansas City, Missouri FY76
New York, New York FY76
Chicago, lllinois FY76
San Francisco, California FY76
Portland, Oregon FY77
New Orleans, Louisiona FY77
Los Angeles, California FY77
Milwaukee, Wisconsin FY78
Covington, Kentucky FY78
Philadelphia, Pennsylvania FY78.

The above dates differ with the FAA ten-year plan, which identifies a total

of only ten additional Category Il runways through 1980,

* Hilsenrod, A. (FAA ARD-451): Correspondence to H. Ingrao (DOT/TSC), March 17,
1975, regarding estimated Category |1l implementation dates.



Using the ten-year plan and the above information, Table 17 presents a

summary of the Category |, Il and Il runways planned over the next ten years.

The deployment of Category | runways for the nexi; ten years is shown in
Table 17. Information on individual years is not provided in the FAA ten-year
aviation plan for the FY81-FY85 time frame as shown in the table. For the deploy-
ment of the visibility equipment developed in the f&llowfng section, it is assumed
that those 150 runways are established at the equal rate of 30 per year for the five
years FY81-FY85.

The expected deployment of Category Il runways is also shown in Table
17. Note that after FY77 no new Category |l runways are planned except for three
to be established sometime in the FY81-FY85 time frame. For the equipment
deployment schedule, it is assumed that these runways are upgraded one per year

in FY81, FY82, and FY83,

TABLE 17. FAA CATEGORY |; Il AND IIl PLANNED RUNWAYS (FY76-FY85).

Number of Runways
FY81-

Installations FY76 | FY77 | FY78 | FY79 | FY80 | FY85 Total
Category |

Establish 22 10 25 50 40 150 297

Replace/Relocate 9 25 0 0 0 0 34
Category 11 18 3 0 0 0 3 24
Category |1} ] 3 20 20 15 60 124

5-42



To determine precise requirements for visibility equipment ot new Category |
installations over the next ten years using the criteria presented in Subsection 5.1 would
require solving equations 9, 10, and 11(see page 5-6) for every existing or proposed runway
for each of the next ten years. In addition, forecasts of the annual enplaned passengers,
annual instrument approaches and mean number of low visibility hours should be considered.
A more expedient approach for the estimated deployment is to use the ratio of existing
number of RVR equipment to the correspording runways and to assyme that this ratio can be

applied to the projected Category | installations.

As shown earlier in Table 4, this ratio per existing Category 1 installation is
0.46. Although this number includes RVVs (i.e., transmissometers only), it seems clear
that all future visibility equipment installations will be full RVR systems. Notice that this
number is in close agreement with the ratio 0.43 determined from the relatively small
sample of eight airports studied in detail earlier and summarized in Table 16. Thus the
number of RVR systems Slfy to be deployed per fiscal year ts found from the upgraded
Category | runways ley in that fiscal year by:

0.46 x RY = s/ (12)

For the period FY76-FY85, the total number of RVR systems Category |, S|,

will be:

fy85
Z s = s, - . (13)

fy76

The results are shown in Table 18. A total of 138 new RVR systems are

estimated to meet Category | requirements over the next ten years.

As identified in the FAA ten year plan, Category Il runways are established by

upgrading existing Category | runways. When compared to the plans for Category | and Il
5-43 '



TABLE 18. FAA RVR SYSTEMS ESTIMATED DEPLOYMENT SCHEDULE (FY76-FY85).

Installation |FY76 |FY77 | FY78 | FY79 | FY80 | FY81 | FY82 | FY83 | FY84 | FY85 | Total
Category | | 10 5 12 | 23 18 | 14 14 | 14 14 ]| 14 138
Category Il | 24 4 0 0 0 1 1 1 0 0 K]
Category 111 2 1 8 8 6 | 30 30 | 30 30 | 30 175
Replacement| 6 6 6 6 6 6 6 6 6 6 60
Total 42 |16 | 26 |37 | 30 |5 51 50 | 50 404

over the next ten years, there are very few planned Category Il installations. Thus, the

estimated number of RVRs to meet new Category |l requirements is a small part of the total

estimated number of RVRs which are to be deployed over the next ten years.

The number of systems S Ify to be deployed per fiscal year is found from

t
Category Il runways R”y in that fiscal year by:

The total number of RVR systems Category I, Sy for the period FY76-FY85 will be:

fy85

Z N

fy76

f
1.33 x R”"

S

Fy-

(14)

(15

The results are shown in Table 18. A total of 31 new RVR systems are estimated to meet

Category 1l requirements over the next ten years.




To determine the additional RVR equipment required for new Category |lI locations
necessitates a slightly different approach. This is true since the average number (0.43)
determined from the sample airports analyzed applies to Category 1l locations established
from Category Il runways. There are expected to be a total of 126 Category |11 runways by
1985, but only 72 Category |l runways by that time (Reference 13). Since there are
more Category 111 planned than the total existing and planned Category Il, it is clear that

all Category i1l runways cannot be established by upgrading Category [l installations.

A Category Il RVR estimated deployment schedule is developed based on the

following assumptions:

1.  There will be only one Category Il runway per airport.

2.,  This runway will be the "primary runway" of the airport.

3.  The primary runway is also the runway which is the first to be upgraded
to Category | and/or ll.

4,  Asof 1975, there are 48 commissioned or approved Category |l runways
(Table4). There are another 21 Category Il runways planned through
FY80 (Table 17)for a total of 69 runways.

5. There are a total of 64 planned Category |1l runways through 1980, It
appears that the Category 11l runways established fz:rough Y80 will
be obtained by upgrading Category Il runways.

6.  From FYB1-FY85, Category Ill runways will be established by upgrading
Category | runways.

In accordance with data given in item 5, the number of Category |l runways should be only
slightly greater than the number of airports with a Category 1l runway. The data given in
item 4 implies that there could be as many as five airports with two Category 1l runways.
Thus, through FY80 all Category Ill runways are assumed to be the result of upgrading
Category 1l installations, and the RVR equipment=per-runway ratio (0.43) determined in
Table 16 is used.



From FY81-FY85 Category Ill runways are established by upgrading Category |.
From data given in Table 4, 46 percent of Category | runways havelo'ne RVR system in-
stalled. The FAA requirements state that all Category Il| installations will have three
RVR systems. Thus, since 12 Category Ill installations will be developed each year
after FY80, we find that 46 percent of these 12 will be on runways already equipped
with one RVR system, and 54 percent will require three RVR systems. This works out to

six installations requiring two RVR systems each, and six requiring three RVR systems,

"

for a total of 30 systems each year from FY81-FY85. The results are shown in Table 18.
A total of 175 new RVR systems are estimated to meet Category |1l requirements over

the next ten years,

Another element considered in the RVR systems deployment schedule is the replace-
ment of obsolete equipment. Discussions with FAA personnel in the New England Regional
Office indicated that replacement of RVR systems is decided by the Regional Offices, subject

to approval from FAA Headquarters, on an as-needed basis. No specific criteria exisi for

determining when to replace “obsolete” or "malfunctioning” equipment. The FAA Head-
quarters identified six RVR systems procured in FY75 which are designated as replacement ¥
RVR systems* .. Since no other data is available, and since it seems reasonable that some

replacements will be required in the future, the number of replacement equipment is assumed -

ri B,
Ho ‘:
B
Rt

to remain at this level through the period of interest, FY76-FY85. Since the total number of
deployed RVR systems is growing with time, this implies that a smaller percentage of equip-
ment will be required to be replaced. This seems reasonable since in general the newer

equipment is more relioble and has a longer lifetime than the older equipment.

]

*Hilsenrod, A. (FAA ARD-451): Correspondence to H. Ingrao (DOT/TSC), 13 March -
1975. Regarding FAA FY75 RVR Equipments Under Procurement.



A retrofit program for existing installations, including RVV/RVR could be
implemented by means of modification kits. At this point, a criteria does not exist which

allows an estimate of the number of systems to be retrofitted in the period FY76-FY85.

5.5.2 SVR SYSTEMS DEPLOYMENT

The SVR deployment schedule shown in Table 19 follows the pattern of
Category 11l installations shown in Table 17, but initial deployment is in 1978. The
first operational and pilot's acceptance tests of the SVR are planned at Logan International
(Boston) and Los Angeles International, and, if successful, are likely to be the first
approved SVR sites. This may occur in the 1978 time frame which gives some further
justification for the schedule selected. The deployment continues through 1984, at

which time there are as many SVRs as projected Category Il installations.

TABLE 19. FAA SVR SYSTEMS ESTIMATED DEPLOYMENT SCHEDULE (FY76-FY85), *

FY76 | FY77 | FY78 | FY79 | FY80 | FY81 | FY82 | FY83 | FY84 | FY85 Total
0 0 2 6 3 20 20 15 6 0 72

*Each SVR system requires the installation of a 100-foot tower.
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6. COMMERCIALLY AVAILABLE VISIBILITY MEASURING EQUIPMENT

The following subsections identify alphabetically by corporate source the
visibility measuring systems, subsystems and main components which are commercially
available. All data included herein have been piovided by the manufacturer and are
subject to change by the manufacturer. Modification kits for visibility equipment
are-also described., Cost information, when available, is included.

6.1 ALLGEMEINE ELEKTRICITATS-GESELLSCHAFT, WEST
GERMANY — SCATTERED LIGHT RECORDER

During a period of more than five years the Flugwissenschaftliche
Forschungsanstalt, Munich, West Germany (FFM) conducted the research and develop-
ment which is the basis of a scattered Iighf recorder. The recorder was developed in
cooperation with AEG and it is marketed as AEG/FFM Scattered Light Recorder
(Reference 17).

The AEG Scattered Light Recorder Type STR-V22-56-MS 04 measures the
scattered light a flash lamp is generating in an optically limited scattering volume and
indicates the visual range. It has a two decade range, and a logarithmic scale. Iis
accuracy is +5% of the threshold value, and it has a +5% error of linearity. The
range of angle of scattered light is 10° to 120°, and the measuring volume is 780 cm3.
Lifetime of the flash lamp is one year, and the power input is 187 to 250 V, 50 Hz,
200 VA (heating included). The dimensions of the unit are about 69 x 16 x 6 in.,
with a weight of about 120 Ibs. Accessories such as fog warning contact or

error control digital display can be supplied with the AEG/FFM.Scattered Light

Recorder.

No up~-to-date price data or delivery schedule is available.



6.2 ATELIERS DE CONSTRUCTIONS ELECTRIQUES DE CHARLEROI,
SA, BELGIUM — VIDEOMETER

The ACEC in cooperation with the Belgian Air Ministry developed an RVR
system designated Videometer. This system uses a closed television system as a sensor.

The first report of the Videometer (References 18 and 19) was in 1965.

The Videometer is essentially a television camera mounted alongside the
runway which is calibrated to "see" the same as a human observer anduses the same type
of lights and spacings used by the pilot as his visual cues, It is basically composed
of two main parts: one part for observation, i.e., a marker light row; and an elec-
tronic part for measurements, i.e., television camera, monitor, control and display

panel,

A different marker light row equipped with the same lights as used on the
runway is installed, offset approximately 225 ft from the edge of the runway.
Lamps are the 200 W type. They are spaced in accordance with the recommendation
of an ICAO joint meeting held in February 1964: uppro*imafely 150 ft apaort over
the first 1,500 ft then at 300 ft. A television camera i; placed approximately 15 ft

high, which corresponds to ICAO recommendations. This camera is provided with a

variable focus lens (zoom); it scans the light row in groups of three successive units (for

example, lamps 1, 2 and 3; 2, 3 and 4; 3, 4 and 5; etc.).

The principle of a visibility measurement consists of obtaining on a
television screen an image of a group of three lights, the first and the second one
being fairly visible, while the third one is not as visible; the distance between the

camera and the second light indicates, in this case, the RVR value.

K]



The Videometer was tested in the Brussels Airport and at the fog chamber

at the University of California Field Station, Richmond (Reference 20).

No up~to-date price data or delivery schedule is available.

6.3 EDGERTON, GERMESHAUSEN & GRIER — FORWARD SCATTER METER

The Environmental Equipment Division of EG&G developed the Forward
Scatter Meter (FSM) Model 207 several years ago. This unit received extensive testing
by the Air Force Cambridge Research Laboratories (AFCRL) (Reference 21}, NAFEC ‘
and NWS. These extensive tests were in some instances of a comparison type with

the FAA/NBS transmissometer.

The EG&G FSM Model 207 (Reference 22) is febricated as a single unit
consisting of a cabinet housing the control unit, control panel and associated elec-
tronics, and two support arms holding the projector and receiver assemblies. Power
input and signal output terminals are located at the rear of the cabinet behind a

removable access cover.

The instrument contains a light source and photo detector separated by
approximately 4 ft and mounted from a common electronics enclosure.  The light
source is configured to project a cone-shaped beam of light over the range of 20° to
50° from the center axis toward the photo detector. A silicon photo detector looks
toward the light source and is similarly configured to accept light only from a cone-

shaped volume of the same dimensions. The resulting sampling volume is approximately

1.67 cu ft.



Light energy impinging on the photo detector from scattering caused by

particulates or aerosols in the sampling volume is linearly related to the atmospheric

extinction coefficient. Logarithmic converters provide convenient voltage outputs

corresponding fo visual-range values from 200 to 20,000 ft. Light energy=source

output is maintained constant through an independent light detector and electronic

feedback loop. Light source modulation at 292 Hz and synchronous signal demodu-

lation effectively eliminate interference from background luminance.

Solid-state electronics with regulated power supplies provide stable,

long-term, drift-free analog outputs. Output signals are low impedance analog

DC voltages of O to +5V. A readout meter is also provided in the electronics

enclosure for local voltage indication.

Calibration of the Model 207 can be accomplished under adverse

conditions by use of a specially designed calibration device which is available as

an accessory item. The device introduces a standardized scattering medium

between the light source and photo detector, and excludes atmospheric media

thereby preventing the atmosphere from interfering with the calibration of the

meter,

Equipment specifications are as follows:

Visual Range - Based on 5%
Contrast Ratio:

Measurement Volume:
Measurement Accuracy:

Power:

Ambient Temperature:

Weight:

200 feet to 20,000 ft
1.7 cu ft* minimum

+5% of forward scattered coefficient

115 vac +10%, 60 +5% single
phase, 200 W

-30°C to +50°C
135 1b

Kl



Mounting: Single pipe with optional guy wires

Deployment: Unattended in ice, snow, rain and
similar hostile environments

Orientation: The receiver optics should face in
a northerly direction to avoid direct
sun rays into the receiver.

Time Constants (Linear Output)

Operate and Test Positions: 20 sec nominal
All Other Test Positions: 2 sec nominal.

The November 1975 prices of the Model 207 is $9,800 for quantities up to 4 units,
$8,900 for 5 to 9 units and $8,200 from 10 units and up. A calibrator is required to
set up and adjust the Model 207 during routine maintenance periods. The calibrator
cost is $980. Delivery can be made usually within forty=five (45) dbys after the

receipt of the order, depending on order backlogs.

6.4 IMPULSPHYSIK GmbH, WEST GERMANY

The company Impulsphysik GmbH, ot Hamburg-Rissen, West Germany, has,
over the years, developed a large number of meteorological equipment especially in

the field of visibility measurements.

6.4.1 FUMOSENS

The Fumosens is a fog detector (Reference 23) based on light scattered
forward from the fog particles. It consists essentially of a flash lamp and o
photodiode, between which are placed screens so that no direct light, or light
scattered through an angle of less than 20°, can reach the photodiode from the lamp.
In clear air, no light from the lamp reaches the photodiode. However, when visibility
is poor, some light is scattered towards the receiver by the fog particles. The
resulting cutput current in the photodiode circuit may be used to operate relays
controlling illuminated fog warning or speed limit signs at pre-set values of current
and hence of visibility. If warnings are required for more than one fog density, a

corresponding number of threshold values may be used to operate the necessary signs.
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The receiyer in the Fumosens distinguishes between the signal from the flash

lamp and daylight or other stray light. The white light of the spark lamp ensures the

measured visibility will be representative of what will be seen by human eyes.

The Type A Model 13/3100 uses 110/220 V power input, 50/60 Hz,
50 W, and has a measuring range of 20 to 3000 meters visibility.  Its operating
temperature range is =30° to +45° C. The ‘Output DC analog signal, 0 to 1mA,
is independent from the ohmic resistance of recorder and connection line, between

0 and 20,000 ohms. The price for one unit (February 1975) is $4,300.

6.4.2 SKOPOGRAPH

The Skopograph (References 24, 25, and 26) is one of a family of
mefecrological air traffic safety instruments. It functions as a transmissometer over
a wide transmittance range. The system consists of a pﬁlsed light projector, photo-

electric receiver and a recorder or a direct meter indicator.

The Skopograph projector has a pulsed, white light with a high, constant
peak output of very short duration, flashing about once a second. This light passes
over the baseline to the receiver, which responds only to the short projector pulses
and measures their intensity. The receiver has a discriminating circuit to eliminate
noise from ambient white light. The remote strip chart |;ecorder cable connected to
the receiver a long distance away continuously records the light intensity. Any fog,
rain, snow or suspended particles in the air along the baseline change the visibility,
and increases or decreases thereof are clearly noted on the visibility scale of the

recorder or the accessory indicator. All controls are on the recorder housing for

automatic, remote operation of the system. A stabilizer maintains the circuit voltage

level with input variations of +10 percent to =20 percent. Electronic power
consumption is 60 W, but the heating system requires 80 W. Dimensions are

35 x 17.5 x 64 in.; the weight is 175 Ibs.
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The receiver has a discriminator circuit to eliminate false measurements
from ambient or other light. A vacuum type phototube is used in the system for
measuring the intensity of the pulsed flashes received. Its transistorized circuitry
is mounted on a plug=in chassis for ease in inspection or exhange. I|ts operating
voltage is the same as the projector; power consumption is 500 W for the electronics
and 250 W for the heating system. This weighs 16.5 lbs and its dimensions are

14,5 x 7.5 x 5 in. For price information, see Subsection 8.2.1.

6.4.3 VIDEOGRAPH

The Videography is a visibility meter based on the measurement of back-
scattered light (References 27, 28, and 29). The instrument consists of a pulsed light

projector and a photo-sensitive receiver mounted above it in the same unit.

The projector emits a narrow beam of light into the atmosphere. This
beam intersects the axis of the receiver at o distance of about 15 ft in front of the
Videograph. Aerosol particles in this zone scatter some of the light in the projector
beam back into the receiver. The intensity of the back-scattered light is measured
by the receiver and indicated on a meter graduated in visibility. Normally the
calibration is in terms of equivalent daylight visibility assuming a 2 percent or 5
percent threshold of luminance contrast, When the visibility falls below a pre=-set
level, a built-in alarm device closes a pair of contacts for the operation of a warning

signal..

Available accessories are a recorder and two types of direct indicator,
one equipped with an alarm=tripping device for up to eight visibility levels. These

accessories can be used singly or in combinations and they can be installed af points

remote from the Videograph.



The Videography was designed as a visibility meter for use at lighthouse
stations; it is equally suitable for incorporation into automatic weather stations for
monitoring visibility around airports, or as an aid in the control of traffic on roads

and waterways.

The observation scale is 0.1 to 10 nautical miles on an internal meter. An

&

alarm tripping delay in turning the alarm on is adjustable from 0 to 5 min. Delay

in shutting off the alarm is adjustable from 0 to 8 min. These delays are available s
to cbviate repeated on-off in the event of rapidly changing conditions. The output

of the receiver may be read directly from-a meter, fed to a standard 1 milliampere

recorder, telemetered by landline or radio. The videograph is 21.5 x 12,5 x 46.9 in.

and weighs 130 lbs. Casing and all exterior metal parts are made of salt-resistant

alloy. Casing is gasket sealed and windows are provided with an internal heating

circuit.

n

The power supply may vary from 11V to 14V, The unit consumes 6 W
when continuously operating, and 28 additional watts when instrument heating is on.
Electronics are splid state. There are no moving parts, except meters. Light source
is xenon flash lamp. Life expectancy is a minimum of two years. Pulsing rate is

three per second.

The following detailed unit prices have been supplied by the manufacturer:

Equipment Price

13/3000 Videograph B, low power

consumption type, updating time

about 7 minutes, including one alarm

contact without recorder $ 8,040

13/3020 Automatic fail safe device,

checking the transmitter operation

permanently and quanfitatively as well as

the receiver, either upon request or

automatically 460

“
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Equipment Price
13/3030 Impulse Generator $ 450

13/3306 Direct Indicator (mounted in
housing) with alarm tripping device,
eight alarm signals adjustable at different

levels 1,770
13/3300 Recorder, visibility=calibrated,
including built-in operation 2,600

6.4.4 SKOPOLOG

The standard Skopolog RVR System consists of: Skopograph transmissometer
(see Subsection 6.4.2), RVR computer, Digistep digital converter, recorders and

remote digital displays, and Stilbus background luminance sensor.

The outputs of the Skopograph transmissometer and the Stilbus background
luminance sensor are fed to the RVR computer. This computer also has an input for the
runway light intensity setting. All input data are processed automatically but can also
be fed to the computer manually for test purposes. Remote test facilities for the field
instruments are available, The computed RVR data are digitized by the Digistep
converter according to ICAO recommendations. The resulting RVR values are

indicated on digital displays.

Analog recorders can be connected directly to the RVR computer to record

the input and output data for use in accident investigations, operational studies, etc.

The remote control unit is designed for up to three Skopograph transmissometers.
Remote controls enable checking Skopograph operation on request. This control unit
allows projector and receiver to be switched on and projector to be switched off

separately for zero check.



The RVR computer calculates the RVR values continuously over the range of
background luminance =~ e.g., night, twilight, day, bright fog. Furthermore the
computer is programmed according to the real intensity distribution of the runway lights.
This method of calculating RVR, based on the exact position of the pilot with respect
to the beams of the runway lights, avoids errors which could impose limitations on
takeoffs and landings or, on the other hand ¢ could give the pilot an overly optimistic

impression of visibility conditions.

The RVR computer for a single channel processes the visibility data from the

Skopograph transmissometer. The computer has inputs for

a)  atmospheric transmittance
b)  background luminance

c)  runway light intensity.

Inputs b) and c) are inserted either automatically or manually. The controls for the
manual setting are behind the front panel for safety reasons. On the front panel are
situated the main switch with pilot lamp and, grouped together, the controls and
indicator lamps for the alamm device. The optical and acoustical alarm can be set
to any desired value within the measuring range. Behind the panel are the controls

for setting the updating time within the range 5 to 60 sec.

A 19~inch plug=in unit houses the integrated circuit electronics which are
easily accessible when the front door is opened. All components are mounted on

standard size plug=in printed circuit boards. The. computer has its own power supply.

The RVR computer has an analog output to drive the RVR recorder. This

computer is also the basic unit for all multi-channel RVR systems.

6-10
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The selector extends the basic computer unit fo a multiple channel system.
By means of a time-multiplex system, up to 10 Skopograph transmissometers are auto~

matically connected to the input of the central computer.

The printed circuit boards of standard size are housed in a 19-in. plug-in
unit. The conirols are behind a locked door for safety reasons: Individual channels can be
hand selected for checking the system. Indication of the selected channel is by

means of light emitting dicdes.

The Digistep single=channel unit converts the analog RVR data supplied by
the RVR computer into digital values. These values are rounded down fo the nearest
point on the chosen RVR reporting scale in compliance with ICAO recommendations.
The rounded down values are shown on the display unit on the front panel. Light
emitting diodes (LEDs) indicate values of less than 50 m or more than 2000 m. The
tendency of visibility conditions either to increase or decrease is shown by a + or -
sign in front of the actual RVR value. The Digistep single=channel unit transmits

the RVR values by means of a digital serial code over a 2-wire cable.

Several recorders can be connected to the same Skopograph system. A
19-inch rack version and recording systems without remote controls are available.

Potentiomefric recorders with up fo 12 channels are available.

The multi-channel recorder contains a moving coil 2=channel recording
system for either metallized or ink recording paper. The scales are graduated in

RVR values. Standard chart speed is 60 mm/h.

Next to the recording system are placed the remote controls for the

Skopograph transmissometer. Several recorders can be connected to the same system.

The stilbus background luminance sensor is equipped with photoresistors

and an optical system and measures the background luminance. A built=in heater

6-11



protects it against condensation, frost and icing. It can be mounted separately close

to the RVR computer or near the runway on the Skopograph transmissometer.

For price information, see Subsection 8.2.1.

6.5 INTERNATIONAL LASER SYSTEMS, INC. — VISIBILITY SENSOR,
MODEL VS-1 :

International Laser Systems, Inc. located in Orlando, Florida, specializes
in optical communication devices, laser applications, and related instrumentation. As
part of their commercial product line, the company produces the Model VS~1 Visibility

Sensor, a transmissometer using a 250 ft. baseline.

The transmitter unit contains an amplitude=-stabilized Ga-As laser transmitter,
fransmitter optics and an associated alignment mechanism, a power supply and heater
circuits. The transmitter electronics are packaged on three separate plug=in printed

circuit boards,

A pulse-repetition-rate oscillator produces o 1,000-Hz pulse train which is
fed to the laser modulator. The modulator provides drive current pulses to the laser
diode at the pulse repetition rate. A lens collects the laser diode output power and

. - o
collimates it into a 1° beam.

A folding mirror is provided to fold the laser beam from the vertical to the
horizontal plane. This mirror has a tilt adjustment for beam alignment in the vertical
plane. Azimuth alignment is accomplished by rotating the interior frame with jack
screws. A sighting scope mounted on the mirror is utilized for aiming the transmitter

at the receiver.

6-12
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Amplitude stabilization of the laser diode over the given temperature range
is accomplished by sampling the laser output collected through a hole in the middle of
the folding mirror. The collected light illuminates a photodiode installed on the power

monitor board.

The laser diode's normal output of 20- to 30-W is controlled at a reference
5-W level by the power monitor. This margin permits output stabilization over a wide
range of temperature and laser diode aging and provides a continuously accurate reference

for transmission measurements.

The receiving unit contains the receiver optics, an alignment mechanism,
an optical receiver, a peak detector, level detectors, a relay and current loop output
circuit, a power supply and heater circuits. The receiver electronics are packaged on

four separate plug=in printed circuit boards.

Optical pulses from the transmitter are reflected by the folding mirror and
collected by the lens. A field stop is located ot the focal point of the lens to establish
the receiver's 1.5° field-of-view. An optical filter = located behind the field stop -
is used to block background radiation (sunlight) from the photodetector. A large-area
PIN diode is utilized to allow the receiver board to be removed and replaced without

affecting the optical characteristics of the unit.

Except for the sighting scope, which is not needed, the receiver contains

all the alignment provisions included in the transmitter.

The received optical pulses are detected by the photodetector and routed to
two channels — one without amplification and the other with a gain of 50. These two
signals drive a dual~input peak detector. The high=-gain (50x) input is only active for
weck signals corresponding to severe fog conditions. Output of the peak detector is a

dc voltage equal to the average peck detected optical pulse.
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Output of the peak detector is parallel-fed to a four-stage level detector.
The slicing level of each level detector is adjustable by a 10-turn potentiometer on the

reference voltage input to each comparator. These adjustments are factory set to

given levels.

Four relay outputs are provided for the various visibility levels. A logic
circuit is incorporated to prevent more than one relay operating at any one time. The
lowest visibility level relay has priority over upper levels. These relay outputs can

automatically operate a display or other device at the selected level.

A 1.0-mA current loop also is provided for remote monitoring of the discrete
visibility levels on a single panel meter or chart recorder. The loop current is set by a
separate contact on the appropriate relay. A transistor current source is utilized for the

loop so as to be insensitive to loop resistance over the specified range.
An integral panel meter is provided for alignment and test of the system.

The computed MTBF for the VS-1is 2,655 hrs. This figure is based on the

parts count method per MIL-Handbook-217B. The parts stress analysis method would most

probably give an extended MTBF as the circuits are conservatively designed. The
laser diode is excluded from the above MTBF as reliability data is not available on this
device. Experience and best guess indicate a MTBF of greater than. 2,000 hrs for

the laser diode.

Concerning MTTR, the cover can be removed in a few minutes and defective
printed circuit board located with the aid of the internal test features within 10 to

15 min by an experienced technician. By providing spare printed circuit boards,

the MTTR should be 10 to 15 min.
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The specifications for the Model VS-1 Visibility Sensor (Reference 30) are

as follows:

Distance between Transmitter and Receiver

Receiver Signal Outputs at Different Visibilities

Visibility

Greater than 1,000 feet
Between 1,000 and 500 feet
Between 500 and 300 feet

Between 300 and 100 feet
Less than 100 feet

Power Supply

Operating Temperature

Size

Transmitter
Receiver

Weight

Transmitter
Receiver

Mounting of Transmitter and Receiver

250 ft + 10 ft

Output
Current

1.0 ma
0.8 ma
0.6 ma
0.4 ma
0.2 ma

115 or 220 V, 50/60
Hz, 55 Watts, each end
-40°F to +140°F

8.6 x 24 in, (Dia x H)
8.6 x 24 in. (Dia x H)

35 lbs
35 lbs

Mounts on 3=in. schedule
80 pipe (3.5in. O.D.)

The system is particularly suited for the highway environment, but can be configured

for airport use.

The prices* as of 1 November 1975, are $6,750 for 1 to 4 VS=1 units,
$5,890 each for 5 to 9 units, $4,790 for 10 to 24 units and $4,250 for 25 units and

up. It should be pointed out that MBTF calculated (MIL-5-217-B) for the V5~1 unit

is 2,650 hrs. The estimated MTTR is only a few minutes.

* Price information letter, November 26, 1975, D. R. Woods (International Laser

Systems, Inc.) to H. C. Ingrao (DOT/TSC).
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6.6 LEAR SIEGLER, INC.

Lear Siegler, Inc. (LSI) has an agreement with Marconi Radar Systems, Ltd.

for marketing, in the U.S., IVR systems, MET~-1 and the transmissometer model SM5.

6.6.1 RVR SYSTEM MODEL IVR-2

Iy,

The RVR model IVR=2 system is manufactured by Marconi Radar System, Lid.
(see Subsection 6.7.2) and is marketed in the U.S, by LS| Astrionics Division (Santa

Monica, California).

6.6.2 ENVIRONMENTAL TRANSMISSOMETER MODEL MET -1

The MET=1 transmissometer is manufactured by Marconi Radar System, Lid.
(see Subsection 6.7.2) and is marketed in the U.S. LS| Astrionics Division (Santa
Monica, California). The November 1975 price for one MET=1 transmissometer is
$10,000.* Since the MET-1 is a new commercial product, it is expected that as soon
as the MET-1 goes into full-scale production (mid to late CY76), the price will fall to
around $6,000 each, |

<
6.6.3  SM5 TRANSMISSOMETER
The SM5 transmissometer is manufactured by Marconi Radar Systems, Ltd.
(see Subsection 6.7.3) and marketed in the U.S. by the LS| Environmental Technology
Division (Englewood, California). The model SM5 transmissometer is used in all RVR
systems monufactured by Marconi. This company also has the SM4 model used in
highway visibility measurements. More recently the SM4 and SM5 model designation
changed to VM4 and VM5, respectively. | F
* Price information letter, December 1, 1975, D. St. Lawrence {Lear Liegler, Inc.) =
to Hector Ingrao (DOT/!I' SC). ' :
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The price supplied by LSl in November 1975 is for one complete SM5 unit
(c&f;i;g #90-001), $12,646. This unit includes the SM5 transmissometer at $9, 195,
four-point alarm level defector, with variable averaging time intervals, indicators and
controls, $1,850; a set of protective housings, $1,935; and a calibration kit including

neutral density filters, $250.,

6.7 MARCONI RADAR SYSTEMS, LTD., UNITED KINGDOM

Marconi, Ltd., has developed several RVR systems. Brief descriptions of
the IVR=2 and MET~1 are included herein. All Marconi RVR systems use the SM5
transmissometer which is manufactured in Germany. Descriptions of the IVR-1 are
not included since this model has been superseded by the IVR=2 and this by the
IVR-MK2. The IVR-MK2 Category Il system is virtually the same as the IVR-2

system. Alternative modules pemit a simple and quick upgrading to full Category IIl.

The system can serve up fo six field sites under a range of environmental

and service conditions. For price information, see Subsection 8.2,2,

The earlier system, IVR-1 (Reference 31) has successfully completed on
evaluation period at NAFEC, Atlantic City. Marconi has an agreement with Astronics
Division (see Subsection 6.6) in the U.S. for the exclusive distribution of the IVR system
and MET-1. LSl is also distributing the SM5 transmissometer in the U.S. as discussed

in Subsection 6.6.

6.7.1 RVR SYSTEM MODEL IVR-2

The Marconi IVR-2 system (References 32 and 33) has been used in all
three visibility categories. The measuring instrument is a transmisscmeter which

consists of a transmit/receive unit and a tetrahedral reflector mirror, placed 60 ft
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apart to give an optical baseline of 2 x 60 ft. Up to six transmissometers can be

handled by the minicomputer in the IVR-2 system.

The central processing unit usually installed in the telecommunications
equipment room incorporates a general purpose minicomputer, which in addition to
receiving information from the field sites, accepts signals by wired connections
indicating the runway light setting, the direction of the runway in use and the time
reference for the airport. From this data it performs the computation of RVR, looks

after calibration and integrity checking and controls the format and logging of data.

Data is stored ever 1.5 sec and RVR is calculated for presentation
every 15 sec. The values of RVR and transmission at the field sites, together with
the time and other necessary particulars, are printed out by a teletype whenever RVR
changes. Identical information is punched onto paper tape in case there is o require-

ment for computer collation with other air traffic control records.

The computer is a Digital Equipment Corporation PDP-8E. The interface is
specially designed for the IVR-2 system. The computer control panel can be manually
"locked out" when the RVR program is running to prevent accidental interference to

normal operation.

The IVR-2 incorporates relatively sophisticated software in the computer for

the calculation of RVR. The technique used is described in a recently presented paper

(Reference 34).

The following data summary was provided by Marconi. The main supply is
220/240 V +6%, 50 Hz (47-51), singlevphase. Other supplies can be accepted. Power
(standard configuration) for each field site is 1.5 kW; for the central processing unit
2 kW are required. Outdoor units operate within 15°C to 55°C. The transmissometer
housing dimensions are 72 x 29 x 22 in. The weight is 195 Ib.

For price information, see Subsection 8.2.2,
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6.7.2 ENVIRONMENTAL TRANSMISSOMETER MODEL MET-1

The MET-1 is a compact transmissometer recently developed by Marconi

(Reference 35).

These are two features of MET-1: (1) directly measures the atmospheric
transmittance; and (2) makes absolute measurements of atmospheric transmittance

using a self-calibration technique.

MET-1 is a compact transmissometer. The standard instrument operates over
a folded baseline of 6 x 6 ft. For ground level installations, it is supported at the
required operating height on a single, central support pillar. Other measurement
baselines can be provided, thereby extending the range of atmospheric extinction

coefficients that can usefully be measured.

For installations employing a large number of sensors and having adequate
data transfer capacity, a more cost=effective system can be provided using centralized
data processing and c;.':nfrol modules (see ARVIS, Section 7). This type of system also
offers the possibility of significantly improving the accuracy of the atmospheric

transmittance data obtained, by using a longer digital word.

The light source used is an electronically modulated light emitting diode.
A retro-reflector at the other end of the instrument baseline reflects radiation to the
transmitter optics to be focussed onto a silicon photodiode. The receiver incorporates
a phase sensitive detector to provide a good analog signal=to-noise ratio. Analog

signals are subsequently digitized and processed to derive atmospheric transmittance .,

MET-1 periodically and automatically recalibrates itself. This feature is
based on the use of a reference reflector to measure and correct for drift in the instru-
ment. In addition, periods of clear weather can be identified and use as a reference

standard for 100 percent transmittance to normalize the overall instrument characteristic.

6-19



The MET-1 specifications are as follows:

Weight Standard configuration: 35kg

Overall Dimensions  Standard configuration: 0.71m high,
3.0m long

Environment Temperature: -10°C to +50°C

Humidity: 0% to 100%
Wind: normally limited by site mounting
arrangements

Power Supply 115v/230v + 10%
47 - 62 Hz™

Power Consumption  20W
Light Source Ga As light emmitting diode

Wavelength: 650nm
Modulation: 1kHz

Qutput Signal Parallel 8~bit word; TTL compatible
Dynamic Range Standard instrument
& Accuracy Atmospheric transmittance error: +0.4% of full scale

Meteorological visibility: typically
10m + Im to 800m + 200m.

For price information, see Subsection 6.6.2.

6.7.3 SM5 TRANSMISSOMETER

The SM5 transmissometer (Reference 36) consists of an optical head con-
taining the optical measuring equipment (a light source, light receiver and electronic

evaluating unit) and a reflector.

The transmissometer employs the principle of autocollimation. The retro-
reflector is equipped with an air flushing attachment. In the optical head the light
from a lamp is split into two beams. One of the beams leaves the optical heod after
passing through on optical system and reaches the reflector which can be situated up to
150 meters oway. In this an image of the shielded aperture of the optical systems is

formed. The arrangement minimizes sensitivity to alignment of the system. The second



light beam serves as a comparison light beam, and this as well as the light beam from
the reflector is returned to a common receiver, i.e., a photosensitive element. A
rotating disc with o system of holes modulates the measuring light beam ot 3.9 kHz,

and the comparison light beam at 1.5 kHz.

In the evaluating unit the signa! voltages from the photosersitive element
are amplified together and are then divided by filters to two channels in which the
signals are rectified. The resulting DC voltages are proportional to the corresponding
signal voltages. The voltage from the comparison signal is fed back to a regulator
which controls the common initial amplifier in front of the gate in such a way that the
DC voltage in the comparison channel will remain constant. In this way all causes of

error which would affect both channels are eliminated.

A relationship exists between the measured light transmittance and
visibility in accordance with the German Standard DIN 5037. The instrument has

a photopic response.
The following are the SM5 components and relevant technical data:

Transmissometer

1 Optical head with air buffer dust protecting tube
1 Reflector with air buffer dust protecting tube

or
1 Optical head with air flushing attachment
1 Reflector with air flushing attachment.

Air Flushing Attachment

2 Blowers with filters and connecting tubes

2 Five=core connecting cables for connecting the blower on the
optical head to the connecting point and the blower for the reflector
to the connecting point

'IhThree-core connecting cable for the power supply for the optical
ead,



Optical Head with Dust Profecfing Tube or Air Flushing Attachment

Baseline

(distance between optical head and
reflector)

Objective lens (diameter)

Lomp

operating voltage
mean working life

Recorder and control unit
output

control current
control voltage

Tronsmittance range

Transmittance range in accordance
with DIN 5037

Visibility range

Operating voltage
Operating frequency
Power consumption approx.
Connecting cable

(optical head to control unif;
optical head to recorder)

Permissible ambient temperature

Weight

optical head with air buffer dust
protecting tube

optical head with air flushing attachment

up fo 150 m

100 mm

4.5, 5.2; 6.0V
10,000 h at 4.5V

20 mA, max.
6V

0 to 100%

10% to 90%

40.to 850 m
65 to 1400 m
130 to 3000 m
260 to 5500 m

220V + 10%

50+ 2 Hz or 60 + 2 Hz

3BwW

2.5 km, max.

~30 to +60°C

31 kg
31 kg



Reflector with Air Buffer Dust Protecting Tube or Air Flushing Attachment

Type of enclosure internal parts dust and
spray water protected

Permissible ambient temperature -30 to +60°C

Weight

reflector with air buffer dust

protecting tube 10 kg

reflector with air flushing attachment 10 kg.
For price information, see Subsection 6.6.3.

6.8 METEOROLOGICAL RESEARCH INSTRUMENTATION — FOG
VISIOMETER

Meteorology Research, Inc. of Altadena, Cal ornia, develops meteoro-
logical instrumentation. The Fog Visiometer is an instrument that is marketed for

transportation (aviation, maritime, highway) applications (Reference 37).

The MRI Fog Visiometer Model 1580 is an instrument that measures the
amount of total scattering over all angles and over a range of particle sizes; i.e.,
haze, fog, and rain. The Fog Visiometer has been developed based on the integrated
scattering principle of the MRI Integrating Nephelometer. The instrument contains a
light source composed of a pulsed xenon flash lamp and an opal glass diffuser. The
light source illuminates a pencil shaped test volume defined by collimating apertures
in the sensor. The sensor is a photomultiplier tube with appropriate electronics which
synchronously detects the flashed light and integrates its value over a period of time.
The Fog Visiometer is designed to measure the fog in situ without altering its charac-
ter. In addition, the instrument is rugged and designed for unattended operation. The

collimating optics are lensless and continuously purged with clean air.



The instrument is normally calibrated for measurements of visibilities between
260 ft and 2 mi. A wide range of adjustment is provided permitting operation up
to 15 mi or down to 25 ft depending on application. The electronics is compact
and uses solid~state integrated circuitry. The minimum accuracy is + 15 percent
scattering coefficient in normal atmospheric haze, fog, and precipitation. Over-
range capability is present at both ends of scale, but at.a reduced accuracy. An
output signal is available for recording or as a means of providing the visibility
indication at a remote point. The output is 0 to 5 VDC for the visibility range selected.
This output is from a low impedance source (less than 10 ohms) which will provide a

signal up to 5 ma.

The unit requires 1/2 amp 100 VAC power. A single calibration is
required for all conditions: day, night, sunrise or sunset. An internal optical/
mechanical system is provided. This sytem allows the zero set and gain set in the
field independent of the visibility conditions at the time of calibration. The power
input is 105-125 V AC, 60 Hz, 50 W maximum. Unit dimensions are 53 x 6.5 x 11.5 in;

the total weight of the unit is about 43 Ibs.

A January 1975 price of the model 1580 provided by the manufacturer
was $4,890.

6.9 SNECMA, FRANCE — LYNX TRANSMISSOMETER SYSTEM

The Elecma Electronics Division of SNECMA located in Suresnes, France
developed the Lynx Tl 561 (Reference 38), an RVR system using transmissometers as
sensors. A Lynx Tl 561 was installed at NAFEC in 1971 for test and evaluation

purposes.



The Lynx Tl 561 measures the atmospheric transmittance with 0.2 percent
accuracy of maximum value for 100~ft and 130~ft bases, and 0.5 to 1 percent
accuracy of maximum value for 160~ft and 250-ft bases. The power supply
requirement is 110 or 220 V + 15 percent, 50 or 60 Hz. The operating temperature

range is =30 to +50°C and the weight is 33 |bs (fransmitter or receiver).

The RVR is computed taking into account the atmospheric transmittance,
runway lights luminous intensity, and atmospheric background luminance. In addition,
the runway lighting characteristics, and contrast and illumination thresholds are also
taken into consideration. The atmospheric transmittance is converted into RVR by
means of a network of five curves recorded on @ magnetic core memory. The choice
of the conversion curve depends on the background luminance (luminance sensor) and

on the runway light luminous intensity.

The Lynx RVR computer automatically performs the following functions:
selection of appropriate conversion curve, computing and display up to three RVRs
from three transmissometers, remote transmission of the computed RVRs, and
fault detection and wamning. The power supply requirement is 110 or 220 V 5
percent, 50 or 60 Hz. The operating temperature range is from 0 to +50°C and the

weight is 60 lbs,

For visibilities lower than 2,600 ft, the display is in 80~ft increments.
For visibilities between 2,600 ft and 7,000 ft, the display is in 160-ft incre-

ments. The three visibilities are computed every 60 sec, under steady conditions

or instantaneously, in case another conversion curve is being selected. The memory

is protected against main power variations or interruptions.

For price information, see Subsection 8.2.3.



6.10 TASKER SYSTEMS

Tasker Systems, a division of Whittaker Corporation of Los Angeles,
California, produces RVR instrumentation. Recently Tasker Systems design a new-
system, the RVR 500 which supersedes previous systems. They also have designed

modification kits for the FAA/NBS fransmissometers.

6.10.1  RVR SYSTEM MODEL 400

Although the FAA has many RVR 400 systems currently deployed, and they
are still available from Tasker on a special order basis, current and future procurements

are for the RVR 500 systems.

The RVR 400 System provides functions similar to those of the RVR 500
System detailed in the next section. The basis differences are that the RVR 400 is
limited in table selection by having only three doy tables and three night tables,
there is no continuous failure monitoring in the 400 systems, and update cycle is

fixed ot 48 sec. These units consist of the following:

RVR 400/1 - Signal Data Converter

RVR 400/2 - Power Supply and Control Unit
RVR 400/4P - Remote Display Programmer

RVR 400/5 - Runway Light Setting Unit

RVR 400/10 - Transmissometer System

RVR 400/12T - Tower for Transmissometer System,

(]



6.10.2  RVR SYSTEM MODEL 500

The RVR 500 Series (References 39 and 40) provides improved reliability,
has reduced size and weight, uses integrated circuits (IC), and ot the same time

‘performs more functions that the older RVR 400 equipment.

The new series consists of the following:

RVR 500/1 -  Computer Main Frame

RVR 500/2 -  Signal Data Converter Module
RVR 500/3 - Ambient Light Sensor

RVR 500/4P - Remote Display Programmer
RVR 500/5 - Runway Light Setting Unit
RVR 500/10 - Transmissometer Systems

RVR 500/12TM - Support Tower Assembly, Modified ,

For price information, see Subsection 8.2.4,

Some of the new units are detailed below.

Signal Data Converter Module

The Signal Data Converter (SDC) Assembly includes four independent
signal data converter channels along with two separate power supplies. In use, the
assembly is capable of processing the output from three transmissometers while the fourth
processing channel is a spare. Similarly, one of the two power supplies furnishes power
to the three operating channels and the other power supply can be energized to operate
the spare channel. Either of the two power supplies may be switch-selected from the

front panel to provide power to the three active units. The spare power supply and



spare processing channel may also be activated by front panel control. Input signals
for any one of the three active units may be fed to the spare unit so that the operation
of the three active units may be checked one at a time by comparison w ith the spare
unit. All four processing channels are plug=in modules so that a malfunctioning unit

may be immediately replaced by the spare unit,

The SDC module accepts inputs from a transmissometer, a runway light
setting unit, and an ambient light sensor to determine runway visibility, The unit uses
a table look-up method that involves the storage of solutions to the visibility equations
in the form of tables of transmittance for various combinations of ambient illumination
and runway light settings. The unit accepts four values of ambient illumination, bright
day, normal day, intermediate day, and night, in accordance with current ICAO

recommendations.

The table entries are derived by either Allard's law or Koschmieder's law
depending upon the brightness of the runway edge lights. When the brightness of the
runway edge lights is such that they are the pilot's primary visual targets, the computa-
tion is based on Allard's law. If the runway edge lights are not bright enough to be

the pilot's primary visual target, the computation is based on Koschmieder's law.

The SDC can be programmed to change any variable and to produce a new
set of Read-only Memory IC's to accommodate different baselines, to change runway
light brightness levels, to change ambient illumination levels, to display RVR in meters

rather than feet or to change other parameters.

The SDC is capable of operating with a dual baseline transmissometer so that

RVR values as low as 100 ft can be reliably determined. The processing channel

provides resolution of RVR values in 100-ft increments from 100 ft to 1400 ft,

Y

(]

N



in 200-ft increments from 1400 ft to 2000 ft and in 500=ft increments from 2,000 ft
to 6,000 ft.

The data processing channel is copable of determining a new RVR value as
often as every 15sec. This computation is based on a 1 minute averoge of the trans-
missometer output. To do this, the transmissometer output pulses are counted for 15-
sec periods. Three such count values are always kept in storage, so that at the end of
each 15-sec period, a full minute of count history is available. These are totalled and
the background count is subtracted to produce a net count. This net count is used to
compare with stored table entry data to determine RVR. The runway edge light bright-
ness and the ambient illumination level determine which one of the sixteen tables is

to be used.

The RVR data is also fransmitted as a serially encoded, frequency-shift-
keyed, message to the RVR Display Programmer at intervals of approximately 2 sec.
Each time a new RVR determination is made a special indicator bit is set to flag the
first transmission of a new RVR value, The output message contains four identity bits
so that identification of the data source and processing channel can be carried through-
out the system for ultimate recording. Status bits such as ambient light level, runway
light settings, Fail and RVR Trend are also transmitted. The last part of the message
consists of the binary ceded decimal RVR value. These bits activate the four solid

state decimal read outs in the programmer.

Ambient Light Sensor

The ambient light sensor measures the incident ambient illumination and

selects one of four values to be used in the RVR computation.



Remote Display Programmer

The RVR Display Programmer can accept inputs up to ten signal data
converter channels. Normally, three of these ten data input sources are selected
for display at any one time. This provides readout of RVR and status values for
touch down, midpoint and roll out areas of an instrumented runway. The ten input
channels provide full instrumentation for up to three separate runways. Internally
lighted thumbwheel switches are provided on the front.panel of the unit and associated
with each of the three display channels so that the appropriate input dota selections
can be accomplished. Each display channel is capable of selecting any one of the ten
input signals. For each channel, the input data is temporarily stored and parity

checked before it is accepted for display.

Runway Light Setting Unit

The runway light setting unit supplies the SDC with input data relating to

the runway edge lights setting.

6.10.3  SOLID STATE TRANSMISSOMETER MODIFICATION KITS

In 1971, TSC proposed to the FAA (Reference 41) a modification approach
to upgrade the performance and to reduce maintainability of FAA/NBS transmissometers
in service. Also, the modification kit approach as developed by TSC allows a

transformation of the present FAA/NBS transmissometers into software=oriented systems.

During 1974-75, Tasker Systems developed a series of modification kits
(Reference 42) to achieve some of the medifications suggested by TSC, The kits
marketed by Tasker to modify and/or upgrade FAA/NBS fransmissometers are:

1Y
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FAA/NBS Unit

Projector

Projector Power Supply
Transmissometer Receiver
Amplifier-Power Supply

Regulator
Transmissometer Indicator

Recording Milliometer

Modification Kit Designation

None

Projector Power Supply

(P/N 711707-01)

Pulse Amplifier
(P/N 711701-01)

Amplifier-Power Supply
(P/N 711708-01)

None

Graphic Recorder
(P/N 711715-01)

None.

The price (November 1975) for a complete medification kit set (P/N
711707-01, P/N 711701-01, and P/N 711708-01) is $3,700 each in quantities of
100 sets, $3,000 each in quantities of 200 sets, and $2,700 each for 300 sets.

The following is a description of the modification kits as supplied by

Tasker Systems:

Projector Power Supply

The Projector Power Supply Medification Kit consists of a 25 amp current-
regulated DC power supply. It holds the established value constant within 0.15 percent
for all causes, including primary voltage and frequency variation, ambient temperature,
and lamp filament resistance changes due to filament "evaporation." The lamp light
output will thus be constant to within +1 percent or better. Regulation of the output
current rather than the output voltage prevents the current surge at turn-on. |t also
eliminates the overshoot in light output; instead there is a slight undershoot, amounting
to 2 or 3 percent, resulting in an RVR reading that may be slightly pessimistic until the

lamp filament reaches equilibrium (about a minute).



The output current of the Projector Power Supply is adjustable over the range
of about 0.5 amp to 24 amp, and operates from a nominal 120/220/240 VAC £15 per-
cent, 45 to 65 Hz. The ambient temperature range is -50°C 1o +70°C, and the relative

humidity range is 0-95 percent (inside the cabinet).

The modification kit control panel includes the lamp current setting -
potentiometer (0 to 24 amps), with a selector switch that allows the transmittance
meter to be used to measure the lamp voltage (0-10 V), the lamp current (0-25 amps)
or the transmittance (0-100 percent). The control panel also includes a test jack for

monitoring the pulsed output signal from the transmissometer .

Pulse Amelifier

The modifications to the Pulse Amplifier include changes to the optical
elements and replacement of the electronics to achieve an entirely solid-state unit.
The modified unit retains the series of baffles used in the original FAA/NBS
transmissometer. The new photo detector is a hermetically sealed Silicon PIN diode

with photo sensitive surface only 0.2 inch in diameter. A new lens and lens mount

1Y

are provided to produce an image on the photo sensitive surface that is oniy 0.1 inch

in diameter. The image can then "wander® from the exact center because of small
alignment errors or drifts. After modification, the alignment characteristics of the
receiver will be essentially identical to the original unmodified units. The photo
detector current drives an operational amplifier integrator which produces a varying
slope ramp. When the ramp reaches a pre-determined voltage, a limit detector develops

a reset pulse for the integrator. The repetition rate of the reset pulses is proportional

g

to the amount of light reaching the photo diode. Because the new photo detector is
about 200 times more sensitive than the old detector, the amount of current produced is

correspondingly greater. The operating voltages are much lower + 13 V instead of



¢

+225 V) making the leakage resistances non—critical. The MTBF of the amplifier is

estimated to be about 112,000 hr or nearly 13 years.

Amplifier Power Supply

The Amplifier Power Supply Modification Kit is a solid-state unit which
mechanically and electrically is compatible with the FAA/NBS transmissometer. The
circuitry is more stable in performance and has improved linearity characteristics.

It has a low power consumption, thus the internal temperature is lower.

Graphic Recorder

The Graphic Recorder Modification Kit consists of solid-state power supplies,

pulse rate-to-dc current converter, calibration circuits and the recorder.

6.11 OTHER SYSTEMS — SCHLUMBERGER

There are other RVR systems and transmissometers commercially available;
however, many of these do not have the same operational environment testing as the
ones presented earlier in this section. It is considered unwarranted to list each of

these at this time with the exception of the Helios-Caviar RVR system,

The Helios-Caviar (Reference 43) RVR system includes a transmissometer ,
control and signal processing units. The central unit Caviar provides: 1) in analog
form, the continuous value of the transmissivity of the atmosphere from 0 to 100 percent
and of the background luminance from 0 to 12,000 cd/m2; and 2) in digital form, a
message intended for remote data dissemination, either by telephone line or by radio
link. The latter message includes atmospheric transmittance , background luminance,

intensity of runway lights, operating alarms and RVR.



Operating characteristics of the Helios-Caviar are os follows:

Visibility Range

From 30 m to several km, depending on installation
and application

Determined every second

Maximum memory capacity: 2,000 data points

Atmospheric Transmittance

Measured every second

Duration = 10 ms

Accuracy better than 0.8%

Analog output 0-5 mA, limited by the duration of the measurement or
filtered by 32, 64, or 128 sec time constant

Background Luminance
Range - 0-12,000 cd/| m?
Linearity better than 2%
Analog output 0-5 mA, Iimited by the duration of the measurement or
filtered on 10 or 47 sec time constant (adjustable)

Operating Conditions

Power-Supply: 110 or 220 V + 15 percent, 50 or 60 Hz, 600 VA
Temperature: -55°C to +65°C

No up-to-date price information and delivery schedule were available at the

time this report was prepared.
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7. AIRPORT VISIBILITY SYSTEM (ARVIS)

7.1 INTRODUCTION

The present FAA/NBS RVR instrumentation has well served its function of
gathering visibility data, computing RVR values and disseminating the information.
It is clear, however, that future demands of ever increasing traffic, lowered landing
minima and extensive automation of the landing process and information dissemination
will require new approaches to the entire airport visibility measuring techniques. One
of the approaches foreseen is the evolution of the present RVR instrumentation into a
comprehensive system, increasing its accuracy, adding flexibility using a software
approach, and generally improving the quality of the disseminated information as well
as its output rate. The criteria to have a software oriented system precluded the
consideration of analog computers as the data processing hardware. Nevertheless, for
some simple instrument installations, analog computers to calculate RVR should be

considered.

To ensure that changes in the existing visibility instrumentation will not
compromise airport safety or efficiency and to introduce changes os required, it is
proposed that these be made as a series of successive modifications of the present
FAA/NBS RVR system (see Reference 41). The full system is expected to be reached

after a four-step modification process (Figure 14).

The ultimate goal is to monitor and measure the visibility along all the run-
ways and faxiways of an airport using system concepts and state-of-the-art equipment,

TSC has proposed the development of an Airport Visibility System (ARVIS) to satisfy
this goal.



PRESENT FAA RVR MEASURING SYSTEM

HIGH INTENSITY
RUNWAY LIGHT DAY - NIGHT
SETTING SWITCH
RVR
FAA/NBS RVR
TRANSMISSOMETER ANty alie REMOTE DIGITAL
250 OR 500 FT BASE N DISPLAYS
]
RVV
STRIP CHART
RECORDER

15T MODIFICATION (MOD 1)

HIGH INTENSITY
RUNWAY LIGHT AT IGHT
SETTING
L]
RVR
FAA/NBS RVR
TRANSMISSOMETER Nl REMOTE DIGITAL
250 OR 500 FT BASE e DISPLAYS
RVY
STRIP CHART
RECORDER
NOTE:

® CHANGE OF CIRCUITRY TO SOLID STATE COMPONENTS

@ EITHER 75, 250 OR 500 FT BASES
TRANSMISSOMETER OR IN ANY COMBINATION

THE SAME AS THE SDCU IN THE 2ND MODIFICATION
A BUT WITH ADDITIONAL MODULES FOR ADDED INPUTS
AND/OR FUNCTIONS

p—m ADDITIONS, SUBTRACTIONS, SUBSTITUTIONS AND/OR
MODIFICATIONS TO PRESENT FAA RVR MEASURING
SYSTEM COMPONENTS

FIGURE 14. EVOLUTION FROM PRESENT FAA RVR
SYSTEM TO ARVIS (REFERENCE 41),




2ND MODIFICATION (MOD I1)

®
FAA/NBS HIGH INTENSITY )
TRANSMISSOMETER RUNWAY LIGHT °”‘2’wn'éf“'
250 OR 500 FT BASE SETTING
® / /
RVR
A any oo B
C
250 OR 500 FT BASE % D ZG DISPLAYS
A -
FAA/NBS / TELETYP% RVV
TRANSMISSOMETER Z 7= STRIP CHART
250 OR 500 FT BASE * RECORDE
AR PRINTOUT
3RD MODIFICATION (MOD 111)
ARVIS
L~ >
Z =~ Z
L~ APPROACH RUNWAY £~ SKY BACKGROUND 2
. _LIGHT SETTING  LUMINANCE SENSORZ
T G
-
IGH INTENSITY " SEQUENCE ANTERLINE
RUNWAY LIGHT E FLASHING LIGHTS % LIGHTS ZZA
. ON-OFF Z / ON-OFF /
SETTING % // / /
= ]
77
L TRANSMISSOMETER
é TOUCHDOWN
// /
éTRANSDSISSOMETER/ = Z Nﬁ/L/ Z /
" MIDPOINT L~ VisIILITY REMOTE 2
Z % é FROCESSOR & é £ DIGITAL DISPLAYS
Z L CONTROL UNIT Z
: ~ / o~ /
| v —_l
Z ZZ_
TRANSMISS OMETER
L~ ROLLO >
ZZ 7 A Enawenal] E7KGT 2
e [ MAGNENC 3 EZ s chai 4
Z C A T A B oo 2
ZzZ / .~ RECORDER 2 =z
o ' b o
COMPUTER COMPUTER  MAGNETIC
% SEnson COMPUTER priNToUT  COMPUTER - MAGHNS
7

RECORDING




4TH MODIFICATION (MOD 1V}
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7.2 AIRPORT AS SYSTEM

The terms, systems, systems concept, systems approach, systems philosophy,
systems design, etc. are used quite frequently without realizing the engineering impli=-
cation of these terms and thus without realizing the principles associated with the
methodology of systems engineering (Reference 44). There are many definitions for
the term system. A brief definition (Reference 45) states:

"A system is an array of components designed to
achieve an objective according to plan,"
However, "systems engineering is used to describe an approach which views an entire
system of components as an entity rather than simply as an assembly of individual parts;

i.e., a system in which each component is designed to fit properly with the other

components rather than to function by itself" (Reference 46).

The FAA states in "National Aviation System Policy Summary (NASPS)"
(Reference 47), item 8.3.3.1, "System requirements: To authorize operations in
accordance with the visibility minimums, a requirement exists for a visibility measure-
ment system having the capability of determining and reporting existing visibility

on the airport and in the final approach area.” The FAA requirements as stated in the

NASPS do not imply transmissometer systems, RVR systems, or nephelometer systems, but
an entire visibility measuring system to report existing visibilities on the airport and

the final approach area. The same FAA NASPS document in item 8.3.3.3 establishes
the goal of the visibility measuring system as: "To provide an RVR system for all
Category Il ond 1l runways, to develop and implement visual range measurements systems
for heliports and STOL ports. An additional goal is to provide visual range measure-

ments for taxiways supporting those Category |1l operations which will allow landing



minimums of zero decision height and zero visibility (0, DH/0) but will need some

minimum visibility for post landing taxi operations.” The main problem regarding the

design of a visibility measuring system lies in its complexity, therefore considering

details and thus losing tﬁe systems viewpoint. The designer must somehow deal with

the various subsystems and component parts in such a way as to optimize the cost -
effectiveness of the overall system, avoiding the dangers of suboptimization.* The
principle of suboptimization states that the optimization of each subsystem independently
will not in general lead to an optimum system, and more strongly, that improvement of

a particular subsystem may actually worsen the overall system. In the dévelopmenf

of the ARVIS concept, the system is the airport (runways, taxiways, lighting system,

visibility sensors, etc.)

7.3 ARVIS AS SOFTWARE ORIENTED SYSTEM

The advantages of a software-oriented system as opposed to a fixed look-up

Bl

table type system are many. These advantages have been demonstrated in the TSC

breadboard ARVIS, by the NAD SVR system, and by the RVR Marconi systems. The

Is

Marconi systems ore used in several installations and extensive field data has been

gathered mainly at Heathrow Airport in the United Kingdom (References 32, 33, and 34),

In the ARVIS, fixed smoothing and RVR update rates have been implemented
which are software selectable. It would be easy to implement an adaptive system that
would automatically change the integration or smoothing rate according to visibility
conditions. Morconi (Reference 48) has attempted some of these techniques. A

desirable averaging function is one which would have the ability to follow rapidly -

*The term suboptimization was introduced by C. J. Hitch (Sub-Optimization in
Operations Problems, J. Ops. Res. Soc. Am. Vol. 1, pp 87-99, 1953).
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changing visibility conditions with little or no time delay and to integrate RVR or SVR
fluctuations over a long period when the average visibility was constant. Marconi

uses a running weighted mean, the weighting of which is modified by the rate of change
of atmospheric transmittance. The relationship used is:

1
T =(|' +0T)——I 16
15 W Talg) o= (16)

where Ty = updated mean fransmittance
T0 =  previous mean
ty =  new reading

a = weighting factor,

The weighting factor is a function of the difference between t; and Ty
and its value increases as the difference between H and Ty, increases. The software
system also permits separating the update rate of the displayed value from the update
rate used in the algorithm. |t is undesirable to increase update rates to the display
to more than about once in about 10 seconds since it might confuse the control tower

operator.

Future systems may have an array of sensors throughout the airport that would
permit a prediction of what the visibility would be in the next 15 seconds to one minute.
By using a combination of the trend (trend indicators, +, -,=, are a normal output of
the Tasker 500 system), inputs from wind speed, wind direction indicators and ceilometers,
and by using the proper smoothing algorithms, meaningful short term predictions may be

possible that would be useful in CAT 1l and CAT Il conditions.

A dedicated visibility measurement system can easily interface with other
systems af the airport. The Terminal Information Processing System (TIPS) (Reference 49)

formerly known as the Flight Data Distribution System (FDDS), is expected to provide



the functions for a complete flight data handling system for air traffic control . Digi-
tized weather information, including RVR, SVR, ceiling height, wind direction, wind
velocity, temperature and barometric pressure, can all be processed in the ARVIS
computer and sent on one hardware interface to the TIPS processor. Along with infor=
mation from other systems such as the Airport Surface Traffic Control Program (ASTC)

and Wake Vorfex avoidance systems, the TIPS system can use this information to output to

control tower displays.

The ARVIS system may have its own dedicated CRT display in those airports
where it would be desirable. Proper equipment organization in the tower must oceur in
order to allow an efficient man/machine relationship. The dissemination of information

from weather sensors can be shared on a common display.

A dedicated ARVIS computer should be compatible with repair and main-
tenance philosophies that the FAA applies to other systems. The implementation of an
interface for remote failure analysis, diagnosis and repair would allow a maintenance
technician at some central point to dial the remote computer system and run
diagnostic routines via the communications line, read back the output indication of
the status, deduce what failure mechanism has occurred, call the local maintenance man

and describe what repair should be made in order to bring the system back into operation.

In providing information to displays, flexibility must be provided between
having all conceivably needed information on a large comprehensive display as opposed
to calling specifically needed information on a smaller display. The software capa-
bility of the ARVIS permits the implementation of this display flexiBility. A simple
keyboard associated with the display unit would permit the controller to select the type

of additional information he needs at a particular time.



7.4 EVOLUTIONARY STAGES IN DEVELOPMENT OF ARVIS FROM
PRESENT FAA INSTRUMENTATION

The first modification (MOD 1) consists of the modernization of present
transmissometers (projector power supply and receiver) by using solid state circuitry and
components. The second modification (MOD 1) will consist of, in addition to MOD 1,
the substitution of the present RVR computer with a SDCU and teletype with the capa-
bility of handling the simultaneous signals from several transmissometers distributed

along runways.

The third modifcation (MOD 111} implies a system approach to the airport
visibility measurements and reporting. By considering the airport as the system, all
visibility measuring sensors in the airport, all light systems used as visual cues, and
sky background luminance sensor are integrated in a true ARVIS. The ARVIS is a
software oriented system in which performance characteristics (frequency of RVR
updating, different processing of visibility data, selection of display data in
accordance to specific airport needs, etc.) can be changed without hardware

modifications.

The implementation of MOD |1l consists of the expansion of the MOD i
SDCU fo a Central Processor and Control Unit (CPCU), the replacement of the MOD |
(or MOD 1) receiver for one with the capdbility of internal calibration and larger
dynamic range for CAT |, Il and IlIB operation, and a slave control which is part of

the ARVIS control and failure monitoring system.

The fourth modification (MOD 1V) consists of a more comprehensive expan-
sion of the ARVIS MOD Ill system with the inclusion of SVR and TVR data, automatic
control of the airport lighting settings in accordance with the visibility conditions,

and automatic transmission to the pilot of the visibility information required. 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

information channel and will have the possibility to override it, if required.

Removal of FAA/NBS RVR system units and corresponding replacements and/or

additions in the proposed TSC modifications are given in Table 20.

7.4.1 MODIFICATION |

In the first modification, MOD |, of the standard FAA/NBS 250-ft base
transmissometer developed by TSC, the origfnol pulse generator, receiver amplifier,
power supply (A100-6), and projector poWer supply (A300-1) is removed from the
system. The receiver housing and optics, the projector, the enclosures for the
receiver amplifier and the power supply are retained. The solid state receiver
(10-R-250), is mechanically interchangeable with the original pulse generator. It
is designed to be used in conjunction with the existing RVR signal data converter.

The pulse rate of the 10-R-250 receiver is compatible with the existing RVR computer.
An additional design feature of the 10-R=250 receiver is the utilization of o'photopic
filter ahead of the silicon detector. The filter bandpass was chosen so the detector

sees a wavelength spectrum more closely matching the response of the eye of an observer

by rejecting a high background level in the near infrared.

The 10-R-250 receiver can be used in either 500~ or 75-ft baseline
transmissometers by introducing minor optical modifications. These medified receivers

will be identified respectively as 10-R~500 and 10~R-75.

The original projector power supply (A300-1) is replaced with a solid
programmable state d.c. power supply and control (12-P) capable of providing
stabilized d.c. power to the projector lamp under wide excursions of line input voltage

and frequency (105-132 V and 47 to 440 Hz) to facilitate operation under emergency
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TABLE 20. REMOVAL OF FAA/NBS RVR SYSTEM UNITS AND CORRESPONDING REPLACEMENTS

AND/OR ADDITIONS IN PROPOSED TSC MODIFICATIONS.

MOD FAA/NBS RVR System Unit to be Removed TSC Medification Unit fo be: Installed
- Pulse Generator Receiver Amplifier = Power *Receiver No. 10-R-250 or No. 10-R-500
I Supply (A100-L)
Projector Power Supply (A300-1) Projector Power Supply and Control No. 12-P
Pulse Generator Receiver Amplifier - Power *Receiver No, 10-R =250 or No. 10-R-500
Supply (A100-L)
i Projector Power Supply (A300-1) Projector Power Supply and Conirol No, 12-P
Signal Data Converter Unit and Power Minicomputer No, 24-C; 1/O Interface No. 26~1;
Supply ’ Teletype No. 28-T
Pulse Generator Receiver Amplifier - Power **Receiver No. 30-R-250 or No, 30-R-75
Supply (A100-L)
Projector Power Supply (A300-1) **Projector Power Supply and Control No, 12-P
-—- **Slave Control No, 32-S
Day/Night Switch Sky Background Luminance Meter No. 34~L
Il .. |Signal Data Converter Unit and Power Minicomputer No. 24=C; 1/O Interface No. 35-1;
(ARVIS) Supply Teletype No. 28-T
-— Incremental Digital Tape Recorder No. 36-R
Indicator A=200 Master Confrol No. 37-M
-— Photometric Display No. 38-P
Remote Display ***Remote Digital RVR Display No, 39-D
RVV Recorder A-400 Strip Chart Recorder No. 31-R
(L\IgVIS) Expansion of MOD Il fo satisfy future airport operational requirements. Hardware is not identified as yet.
L_ Information on RVR system units is given in Reference 3.

Hardware description of units and field tests described in TSC report (in preparation).
Hardware description in TSC report (in preparation).

*  The receiver No. 10-R-250 or No. 10-R-500 can be modified to operate in a 75-ft base transmissometer by

infroducing minor optical modifications. (This receiver is designated No. 10-R-75.)
**  Number of units depends on number of transmissometers modified.
*** Number of displays as airport operations require «




power conditions. In addition, the d.c. voltage for the projector lamp is set at 5V,
increasing considerably the projector lamp life (lamp nominal rating 6V), this reducing
system downtime and maintenance. To further increase the lifetime of the projector
lamp, the 12-P power supply and control maintains 0.5V applied to the filament when

the transmissometer background is measured. The power supply incorporates additional

sensing circuits which facilitate the identification of failure modes in the projector system
(power supply and/or lamp filament). The failure mode identification is basic to the

MOD Il system but is not active in the MOD | or | systems.

7.4.2 MODIFICATION 11

The second modification, MOD II, will consist of, in addition to MOD 1,
the substitution of the present signal data converter unit and power supply with a mini-
computer, input/output interface, and teletype. This modification has the capability
of handling several transmissometers simultaneously. The Modification Il and the

algorithms to compute RVR have been developed and are discussed in Reference 50.

7.4.3 MODIFICATION Iil, ARVIS

The third modification, MOD Ili, entails a true approach to airport visibility
measurements and therefore with this modification the ARVIS concept is satisfied. The
TSC developed ARVIS MOD 111 block diugrum~For one runway (Reference 50) is shown
as Figure 15. To implement MOD III, the following units have to be installed as re-

placements in the present FAA/NBS RVR system or as additions (see Table 20):

a. Receiver No. 30-R-250 or No. 30-R-75

b.  Projector Power Supply and Control No. 12-pP
c. Slave Control No. 32-§

d.  Sky Background Luminance Meter No. 34-L
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e. Minicomputer No. 24-C; |/O Interface \
No. 35-|; Teletype No. 2

f.  Incremental Digital Tape Recorder No. 36-R
> CPCU
g. Master Control No. 37-M

h.  Photometric Display No. 38-P

i Remote Digital RVR Display No. 39-D.

The receiver uses solid state components, has an internal optical calibration
system, and failure mode detection circuitry. The No. 30-R-250 is the receiver that
operates in a 250-ft base and the No. 30-R-75 is the receiver that operates in a 75~ft
base and can measure atmospheric transmittances corresponding to the 100-6,000 ft

RVR range.

The receiver intercalibration functions are exercised periodically and pro-
vide optical detection and electronics check by sequencing through several modes:
atmospheric transmittance, atmospheric background, calibration of the detector and

associated electronics and transmissometer background. This is achieved by modifying

the optical path viewed by the detector using a six stage optical turret assembly motor
driven on the command of timing circuits in the CPCU. A miniature stabilized
incandescent lamp (derated to provide extended life operation in excess of 100,000
hr} fs used as the receiver calibration source. Calibration is achieved at 100
percent, 50 percent, and 10 percent equivalent atmospheric transmittance through the

use of neutral density filters.

The receiver output calibration levels are compared with present levels in
the CPCU to activate failure mode indicators when the calibration levels fall outside

a certain tolerance range indicating that corrective maintenance is required.
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The other failure modes indicate malfunctions in the receiver heaters,
heaters for the optics, the receiver blower, receiver power supply, projector lamp
and projector power supply. The projector power supply and control No. 12-P is
physically the same used in MOD | and 1l with a connection difference. The failure
modes circuits are connected, via the slave control No, 32-S, to the CPCU. These

circuits will indicate failure of the power supply and/or lamp filament.

The slave control No. 32-S receives command signals via a modem from
the CPCU to exercise given functions by the receiver and/or power supply and
control 12-P. Also the No. 32~S transmits via a modem to the CPCU data failure

signals and operational mode status of the 32-R-75.

Figure 16 shows the CPCU which consists of the minicomputer, input/
output interface, teletype, incremental tape recorder, master control, photometric
display, and strip chart recorder. The operation of the CPCU is governed by mode
selection switt-;hes on the Master Control. In the automatic mode an operational

sequence is followed and the actual particular mode of operation is verified by the

slave control.

In this mode, atmospheric transmittance measurements are made over a
S minute period followed by a 50 sec atmospheric background measurement interval .
This sequence is alternately repeated for 10 cycles and is then followed by a
maintenance statuc checking sequence to assure normal transmissometer receiver
operation as previously described. The latter sequence is performed during the last
minute and 40 seconds of every hour. The time sequence in the CPCU can easily be

varied to accommodate airport operational requirements.
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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
field. The automatic sequence may be interrupted at any time to initiate a specific
operational mode by depressing the appropriate Master Control button. Once a manual
mode selection is made, it remains until another mode selection is initiated. Once the
automatic mode is reselected, the system continues to cycle as previously described.
Should a malfunction occur in the monitored circuits of the transmissometer, trans—
missometer receiver, projector lamp or projector power supply, a failure signal will
be transmitted to the Master Control and a light indicator and an alarm signal will be
triggered. The alarm may be turned off if the CPCU operator depresses the "failure
acknowledge" button; however, the specific failure indicator will remain lighted until
corrective field maintenance is implemented. The system will continue to operate

but with the possibility of system performance degradation or damage .

The Photometric Display contains LED readouts arranged in columnar fashion.
The second column, top to bottom, displays atmospheric transmittances for transmis=
someters at the touchdown, midpoint and rollout locations on the runway. These
values are processed in the minicomputer and displayed in the first column as RVR
values at touchdown, midpoint and rollout. The third columnar display indicates the
instrumented background luminance level on the runway ("automatic" switch setting) or
alternatively, a value set in manually by the operator (i.e., bright, day, twilight or
night switch setting). The fourth columnar display contains a LED readout indicating
the specific runway instrumented. A set of pushbutton switches is available for the
insertion of high intensity runway light settings 5, 4, 3, or 0 into the minicomputer for
RVR computations. In the automatic position, appropriate high intensity runway

light settings are fed to the minicomputer for RVR computation.
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In the Data Recorders section of the CPCU there is a strip chart recorder
and an incremental digital tape recorder. The strip chart recorder allows continuous
atmospheric transmittance recording within 0.2 percent of full scale for any one of the
transmissometers on the runway, selectable by means of its associated switch. Of
greater significance, however, is the incorporation of a dual cassette incremental
digital tape recorder which records all the available photometric data and ARVIS
status. The information which is incrementally recorded every 10 seconds consists of
the following: a) time in month, day, hour,minute, and second; b) runway light
status, i.e., approach lights, sequenced flashing lights, background luminance input
mode, background luminance; c) RVR for each of the transmissometers; d) atmospheric
transmittance for each of the three transmissometers; and e) failure mode status for all

three transmissometers (see Figure 17).

A software and hardware interface is supplied to read the information on
the cassette and write the information on a teletype. A provision is made so the soft-
ware can be entered into the minicomputer by appropriate teletype command which acti-
vates the cassette with the computer program. The program is read from the cassette
and loaded in the minicomputer. The cassette recorder provides historical evidence of total
system conditions at all times to facilitate critical reviews of operational integrity,

especially in accident investigation.

The Power Supply accomplishes power control, conversion and distribution

to the aforementioned in the CPCU.

7.4.3.1 COMPUTER CHARACTERISTICS

The minicomputer in the CPCU is flexible and expandable to handle those
functions that are not yet fully defined. Since visibility is a relatively slow varying

function high input-output rates are not necessary. A sampling rate of once per second
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for transmissometers and visibility sensors is probably the highest input rate that need
be considered. If future sensors (such as Lidars for SVR) are implemented that require
high sample rates or complicated data processing, a local processor can be implemented
with the particular sensor so that the data fed to the ARVIS computer is smoothed and

supplied ot a low data rate.

With the current developments in computer technology, it is not inconceivable
that the requirements of the ARVIS computer may be met in the future by a small micro-
processor with associated mem&ry modules and peripherals. For the purposes of this study,
it is assumed, however, that a minicomputer such as that used in the present ARVIS and

the NWSC SVR system will be used.,

Based on the experience gained with the ARVIS, the following general

requirements can be said to be necessary for the computer:

Word length - 16 bits.
Memory - 4K minimum, expandable up to at least 32K,

1/0 capability - no practical limitation. B providing the required
interface modules, the computer shall be ubre to accept inputs from
as many as 20 fo 30 sensors and output to as many as 10 devices.
Typicarourpufs include the data to the control tower remote display
units, a CRT, and another computer (if necessary). Addressing
capability of /O devices shullpbe much higher (e.g., 64 - most
computers can address 256 or more devices).

Power fail and restart medule.
Bootstrap loader module.
Real time clock.

Instructor set - comprehensive including arithmetic, logical, shift,
data load/store, transfer/compare, branch and 1/0.

Registers - at least eight registers to ensure programming efficiency.

Instruction execution time ~ compatible with /O communications
and software program calculations. Typical arithmetic operations
should be weﬁ under 10 psec in order fo handle computations with
a multiplicity of sensors and output devices.

Interrupts - the computer shall have several single line multi-level
priority interrupts to handle real time clock and 1/0 devices.
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Since many computers meet the requirements stated above, the computer

selection is based mainly upon software support, the ease of generating programs

os well as making changes in programs.

The data logging device to record and preserve a historical record of the
data and status of the visibility system is available from many computer peripheral
manufacturers as well as the computer manufacturers themselves., If possible, it is
probably better to select this data logging device from the computer manufacturer.
This permits both hardware and software compatibility with the digital computer. In the
TSC breadboard ARVIS, a dual cassette unit is employed. The advantages of the
cassette system are that the actual cassette is small, inexpensive, and reusable.
Storage of the cassettes is simple and one cassette can store approximately twelve
hours of data (depending on the amount of data and the data rate). In the ARVIS,
data is recorded every fifteen seconds. In order to minimize the amount of data
recorded, an adaptive rate may be employed. Data can be stored at a much slower
rate, perhaps once every few minutes, but if the airport photometric conditions are

changing rapidly, the rate can be increased.

Another data logging device that may be considered is the floppy disc.
Floppy disc systems are becoming more reliable and the cost is comparable to a

cassette system. Although the disc itself is larger and more expensive than o

cassette, it can store much more data. Furthermore, the floppy disc can be used

as an auxiliary storage memory device or a buffer memory and can also be used for

software program generation.



7.4.3.2 INPUT/OUTPUT COMPUTER INTERFACE

The present FAA/NBS transmissometers send a pulse train with a maximum
frequency of 4000 pulses per minute (100 percent atmospheric transmittance) to the
RVR signal data converter, and the pulses are counted for ap‘proximately 45 seconds.
In the ARVIS system, the transmissometer output was modified to be a pulse train with
a maximum rate of 10 kHz. The output of each sensor is sent to a counter contained
in the 1/O interface. The time interval for counting, controlled by software, can be
as fast as one second and as slow as three seconds without overflowing for a 16 bit

counter.

A fully deployed ARVIS can accept inputs from either type of transmissometer
(assuming proper interface circuits are used to accept the pulse train), since the time
window can be controlled by software. This would permit using the computer with
existing transmissometers and signal interfaces. In an actual airport configuration
where the sensors, such as transmissometers, forward scatter meters, luminance meters,
ceilometers, etc., are used to feed data to the computer over a two wire cable, it
would be desirable to have the flexibility of controlling the sampling rate as well as
to minimize the transmission rate to the computer so that low bit rates can be used at
frequencies as high as once per second. To transmit data over thousands of feet of
cable, serial communications should be used. This can be mechanized by using a
voltage to digital encoder at the sensor and converting the digital data to serial form.
The voltage to digital converter should be an integrating type A/D so that the average
value of the signal is generated. It is undesirable to use a successive approximation
encoder since these encoders generally use a sample and hold circuit with a small
aperture time that may sample the visibility information over a time interval when the
signal may have sudden peaks due to electronic or other types of noise that are not

indicative of the phenomenon being measured. An integrating A/D of the ramp type
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with eight bit accuracy would probebly suffice. With a * half bit uncertainty and a

voltage with a full scale value corresponding to 6000 ft, the quantization error
6000

28
a voltage to frequency converter may be used with a counter and auxiliary buffer

would be

or 23.4 ft, gccurate enough for low visibility ranges. Alternatively,

register at the sensor. The output of the buffer register can now be converted to serial
form and sent to the computer. Either type of analog to digital converter, the ramp
type encoder or the voltage to frequency converter with counter and buffer register,

is fairly economical, easy to mechanize, and lends itself to a series digital communica-
tion system. The analog to digital converter can also be multiplexed to measure house=
keeping signals as well as visibility data. Power supply voltages, calibration signals,
voltage references, etc. can be measured on the same A/D converter. Digital data
such as mode and failure identification, device identification and parity can be for-
matted with the output of the A/D converter ;nfo a series digital word. The sensor will
also receive a series digital word from the computer to command operational modes
background checks or self check routines. Since the data rates are slow, half duplex
operation over two wire lines will probably be sufficient. Transmission and reception

need not occur simultaneously.

At the computer, an |/O device controller could contain the necessary timing
and logic to send sequenced commands to the various sensors. The data coming back
from the sensors could interrupt the computer and be accepted in normal fashion. The
1/O device controller will separate the data from each device, identify the device,
and perform a series to parallel conversion, if the computer 1/O architecture is set up

for only parallel inputs.

Communication with remote output displays will also be performed in a
serial digital form. Typical output devices that will receive data, besides the local

conirol =display panel in the same equipment rack as the computer, include remote
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displays in the control tewer, a CRT dedicated to the visibility system or another data
processing system such as TIPS (Reference_l}‘?), which may have its own display on

which visibility information may be presented . Output devices may employ bidirectional
communication since the operator may want to send commands to the computer to select
and centrol the information to be displayed. Bidirectional communication from the
control tower also permits the operator to remotely command calibrations and self-

check routines.

The heart of the I/O communications system is at the computer and it is
part of 1/O interface. All of the timing, control, sequencing, device identification,
and interrogation of 1/0O devices will be conirolled here. From cost/performance
trade~off, it is desired to minimize the cost and complexity of the electronics ot the
sensor. One can envision the design of a "normalized” 1/O interface that can be installed
with each sensor. This "normalized” 1/O interface would contain the' A/D converter,
parallel to serial conversion and control logic for reception and transmission. The
design should allow for small and simple variations of the control logic to interface
with different types of sensors to accommodate scaling of voltages, and the variations
in modes of operation. The 1/O communication components could be purchased from different
manufacturers including the computer manufacturers themselves. The availability of
microcircuits and their associated peripheral devices appear to be attractive for this
type of application. The Motorola MC6800 microprocessor is available with a host of
large scale integration (LSI) devices including programmable logic interface units,
1/0O data controls, and modems for remofe. communications. The use of these devices in
large quantities should permit low cost, and reliable 1/O packages with flexibility for
different operating modes and compatibility with a modular design permitting simple

addition of modules to handle additicnal /O interfaces.

.



The exact methods and details of formatting the serial communication links
between sensors and the minicomputer cannot be decided until more exact
definitions of data and control signals are established. It is highly probable, however,
that asynchronous transmission may be possible even with a multitude of sensors.
Asynchronous transmission is least efficient, requiring extra signals to be transmitted
with each data character to identify the beginning and end of character. As mentioned
before, however, the data rates are low enough to make this a strong possibility and
the circuitry required at the sensor is simple. The low data rates should also permit
half-duplex transmission (no simultaneous transmission and reception). Allowable error

rates will also dictate the transmission technique selected as well as the modem selection.

Some minicomputers are available with an asynchronous data communications
multiplexer, which can control the transmission of a large number of low speed asynchro-
nous lines. The use of this multiplexer is warranted when the crossover point between
the cost of several single line controllers and the multiplexer is exceeded. Considera-
tions of the geography of the sensors and the costs of cabling enter into the decision of

multiplexing two or more sensors on one cable.

Multiplexing of inputs from the sensors to the minicomputer can be performed
either with time division multiplexing (TDM) or frequency division multiplexing (FDM).
TDM is usually more efficient than FDM since a considerable amount of bandwidth is

wasted in an FDM in order to separate the low speed channels.

The final choice of the communications system must allow enough margin so

that additional sensors may be added and that the maximum data rates are not exceeded.



7.4.4 MODIFICATION IV, ARVIS

In the fourth modification, MOD 1V, the ARVIS will take into account dll
the various light targets used for visual cues, such as high intensity runway lights,
taxiway lights, centerline runway lights, approach runway lights, and other lighting
systems. It is expected that the CPCU will be able to use this information to calculate
and display TVR and SVR. Also, there may be a need.in the future to determine and

display ceiling information.

The operafionul definition of TYR 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 observational method and data analysis. 1t is possible that the CPCU will
have to be expanded in MOD IV to handle these increased data input-output demands.
However, there are several minicomputers available. on the market today which have
expanddable memories and modular architecture. It appears, too, that the very near-
future will bring minicomputers with even more capacity, more flexibility and lower
prices. Therefore, it is believed that the requirements of this final stage in the evolu-
tion of the visibility measuring system can be met by modular architecture and «

minimum amount of additional CPCU hardware.

In MOD IV, Figure 14 additional functions are shown for the overall
visibility measuring system, An information transmission system will send special
message units. and visibility information to the cockpit display. The scope of this
task will depend on the type of cockpit visibility display selected and the data link

chosen by the FAA to handle the information.

Due to the complexities of problems to be solved in the MOD IV which
have not yet been defined (i.e., TVR, SVR, data link), hardware cannot be precisely
identified in this level of ARVIS. Therefore, the purpose of indicating this level of
modification is to show that the ARVIS (MOD I11) has the capability of being expanded

to take care of future operational requirements.
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7.5 SYSTEM FLEXIBILITY AND GROWTH CAPABILITY

One of the main features of the ARVIS is the flexibility it affords and its
capability for growth. Software is easily changed and new software modules can be
added as new inferfaces to additional visibility sensors and display devices are added.
Memory modules may be added as required and the 1/O interfaces expanded as new
requirements emerge without chsoleting existing installations. A growth oriented
system is based on the concept of the minicomputer family. The family concept provides
upward software compatibility with additional computing power. The characteristics
of a family are a common data format, a common instruction set and the capability of
running the same higher-level software, regardless of where the machine fits within the
family. The family members differ from each other in terms of the range of availdble
memory, the number of 1/O channels, the execution speed and the types of peripherals
that can be interfaced to the computer. These characteristics affect the "viability"
of the computer and in planning the initial system, "viability" is just as important as

reliability, maintainability and performance.

Present RVR systems send their data to remote display units in the control
tower and other information centers. The RVR information displayed could be from
different transmissometers. In the ARVIS a simple fixed RVR numerical display will be
a limitation in the system capabilities. A software oriented display such as a CRT
type is almost necessary to realize the full ARVIS capabilities. In addition, the TIPS
should be considered as one of the approaches suitable for visibility display. Besides
CRTs, plasma displays using matrix techniques could be considered. They are available

as both alphanumeric displays as well as larger displays that can generate graphics.
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8. ELEMENTS OF DEPLOYMENT COST FOR TYPICAL RVR SYSTEMS
COMMERCIALLY AVAILABLE

Typical costs for establishing visibility equipment on runways are presented
in this section. Cost elements included are equipment purchase, installation, field
cabling, maintenance, training, and provisioning. Equipment from different manu-
facturers will affect the costs of purchase, provisioning, installation, and maintenance;
training is not likely to vary significantly for different equipment. For foreign-made

systems, prices are given CIF Port of New York plus custom duties.

System development costs and access roads to the field site are not included

in this cost estimate.

8.1 COST ESTIMATING METHODOLOGY

The FAA has standardized the facilities and equipment (F&E) cost estimates
in F&E Cost Estimate Summaries Handbook (Reference 50). The methodology for these

estimates is expressed as follows:

a.  The cost estimates are developed on the basis of accomplishing a
typical individual project. This typical project is defined as that
pro]ecf that will be done most often by the regions. A narration is
included for each cost estimate describing the typical project.

Projects not in agreement with this description will vary in cost from

the one noted. These cost estimates represent only direct costs

associated with the projects. (Cost for items such as training and
training equipment are not included and must be provided for
separately.)

b.  The regional costs are developed either on the boasis of adjusted
historic data or standard estimating procedures. Standard estimating
procedures are used most often for projects not done before and these
costs Yvill be more susceptible to modi}icoﬁon based on future
experience.

c. The equipment cost estimates are based on one of three different
methods:

(1)  Estimates based on knowledge of the industry but no prior
procurements of this equipment have been made.
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(2)  Estimates based on items listed in the current FAA Stock
Catalog.

(3)  Estimates based on a previous acquisition of a certain number

of units in a certain yeor."

The Handbook continues:

When specific information is available, provisioning cost estimates
will reflect this known cost data, otherwise use the following
percentages of equipment cost:

Communications equipment 20 percent
ILS/VOR/TACAN/DME 15 percent
Radar/Beacon/RML 30 percent
Radar Displays 50 percent
E/G, Lighting Systems, Miscellaneous 10 percent

Factory inspection and Washington office freight cost estimates are
based on actual costs where known and are so indicated, otherwise
they are based on the percentage formulas that follow:

(1) Factory inspection. Three (3) percent of plant material cost and
three (3) percent of electronic equipment cost.

(2)  Washington office freight. Ten (10) percent of plant material
cost and three (3) percent of electronic equipment cost. ©

Specifically, the Handbook refers to the installation of RVR as follows:

"This cost estimate is to establish a system consisting of one
transmissometer, one signal data converter, one digital readout,

a receiver decoder, and a computer selector. The transmissometer
is located near the glide slope of the ILS, and uses spare glide

slope cables for connection to the RVR equipment in the ATCT,
‘This equipment configuration is the largest, most complicated system
being installed. Many systems may be less complicated and require
less equipment.

The regional costs are based on adjusted historic information. No
site preparation or roads are anticipated.

Equipment costs and provisioning are based on a previous acquisition.
Factory inspection is based on the percentage formulas as outlined in
the Foreword. The freight costs are estimated on basison similar
type equipment shipments."
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The information reflected in this report refers to the deployment cost only;

however , in order to establish a reference to the full life-cycle cost of the system, some
elements of this life-cycle cost are discussed. These elements include the definition of a
cost category structure, amortized capital costs, the use and limitations of budgetary data
for deriving the cost base, and the system element cost approach for estimating detailed
cost base formulations. For all functional categories in the Airport and Airway System

cost base, costs can be separated into four cost categories (Reference 51):

a. Research and Development (R&D)

b. Facilities and Equipment (F&E)

c. Relocation and Modification (R&M)
d. Operations and Maintenance (O&M).

In accordance with Reference 51 the cost categories are defined as:

"R&D costs are defined to include all expenditures needed to
bring a new concept or system element to a point where
prototype equipment or pilot facility is operating or can be
tested in the Airport and Airway System inventory.

F&E costs are the one-time capital expenditures required
for the procurement and installation of new facilities and/or
equipment. F&E costs inclide all land costs, engineering,
site preparation and construction, construction materiel,
electronic equipment and installation, and freight.

Every year substantial expenditures are made to modify and
renovate existing facilities. In most budget reports, these
relocation and modification (R&M) investment costs are
included along with appropriations for new facilities and
equipment. R&M costs are expressed in terms of the average
annual expenditure to upgrade and modernize each element
in the Airport and Airway System. In this way, the wide
fluctuations in R&M costs which typically exist in actual
budget appropriations are avoided in the cost base
formulation.

The final cost category refers to the annual expenses needed to
operate and maintain all items in the Airport and Airway
System. Operations costs include all direct personnel and
overhead who ‘operate' the equipment and perform the primary
functions of air traffic control. Operations costs are

estimated for all 'manned' Airport and Airway System



"facilities. Maintenance costs include the direct maintenance
personnel, all stocks and stores, flight checks, and overhead
costs needed to keep the inventory of facilities and equip-
ment in satisfactory operating condition,"

In regard fo capital costs Reference 51 indicates:

"The decision of whether capital costs (or R&D and F&E costs)
should be amortized raises a number of key issues. The
calculation involves the conversion of capital investment
costs into a series of annual expenditures. In order to
amortize capital costs, the following formula was used:

:r?:‘::?lcezg; = Capital Cost x Capital Recovery Factor

where Capital Recovery Factor = [i(1+ {)"/(1 + )" - 1]

n useful ‘econemic life

discount,rate ¢

4

.
1

The primary reason for making this calculation is to match
the capital costs of a facility with its useful economic life.
T his advantage of amortized costs must be weighed against
the need to estimate economic lives, select discount rates,
and evaluate capital costs made pricr to the base period.

A discount rate of 10 percent was used in the computations
of amortized costs. This rate is consistent with the Office
of Management and Budget guidance for public invest-
ment analyses and reflects the opportunity cost of public
investments. Failure to account for this cpportunity cost
could lead to excessive capital investment. The 10 percent

rate is based on average rates of return for investments made
in the private sector."”

The useful economic life of the elements that enter into the Airport and
Airway System ranges from o low of 13 years for radar approach facilities to a high of
40 years for airport runways. Therefore, due to the nature of the equipment, the
useful economic life of RVR systems could be assumed as 15 years. In the full life-
cycle cost, a zero salvage value at the end of the RVR system economic life should be
assumed, basically due to the difficulty in getting salvage value estimates. The F&E

costs could be amortized over the RVR system economic life and the R&D cost could be

fa



treated as capital investment with the amortization period also taken equal to the

RVR system economic life.

8.2 EQUIPMENT PURCHASE

The purchase cost of RVR equipment varies considerably with manufacturer
and with accessory equipment ordered. Elements of cost for those standard RVR systems

provided by manufacturers are presented in this subsection.

The FAA procurement cycle is approximately 9 months and the average
delivery time varies with the manufacturer and is usually from 12 to 24 months, although

in some instances 30 to 60 day delivery is possible.

8.2.1 SKOPOLOG

The Skopolog units and system purchasing cost shown in Table 21 are given

by FF Impulsphysics Corporation, as of December 1975.*

8.2.2 MARCONI IVR-2

The IVR-2 system purchasing costs are given by Lear Siegler, Inc., Astronics
Division as of December 1975.** Thepurchasing costs include factory to Port of New
York freight costs and custom duties. The cost is approximately $125 K for an 1VR~2
system with three transmissometers for CAT Il operation. A ten (10) percent discount

should be considered for orders including ten or more systems,

8.2.3 LYNX

The Lynx TI561 RVR System purchasing costs are shown in Table 22, These

are the 1971 prices paid by NAFEC for the system p;rocured for test and evaluation

*FF Impulsphysics Corporation letter R. T. Brown to TSC/DOT H. C. Ingruo, 12/15/75.
**St. Lawrence, D. (Lear Siegler, Inc., Astronics Division): Correspondence to
H. Ingrao (TSC/DOT) December 1, 1975. Regarding costs.

8-5
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TABLE 22. PURCHASE COSTS (FY71) FOR LYNX UNITS AND SYSTEMS. *

UNIT RVR SYSTEM
Quantity Range No. of Transmissometers
Description 1-4 5-9 |10& wp 1 2 3
Price ($ K) Price ($ K)

Transmissometer and related! 12.0 - - 12.0 NA | NA
field hardware
Computer memory rack 6.3 = - 6.3 NA | NA
Computer-logic.rack 5.4 - - 5.4 NA | NA
Luminance sensor 2.0 = = 2.0 NA | NA
Loader unit (paper tape) 5.0 - - 5.0 NA | NA
RVR display and cables 2.7 = - 2.7 NA | NA
RVR remote display receiver 3.4 - - 3.4 NA | NA
RVR remote display unit 1.9 - - 1.9 NA | NA
Subtotal- 38.7 - - 38.7 NA | NA
Provisioning Costs, 10% 3.9 - - 3.9 NA | NA
Factory Inspection B - - NI NA | NA
Subtotal 3.9 - B 3.9 NA | NA
Freight Cost - - = - NI NA | NA
Custom Duties - - - NI ‘NA | :NA
Subtotal (Freight) - - - NI NA | NA
Total (Washington Office 2.5 ) _ 42.5 NA | NA

Cost)

*The purchase costs given are FY71prices paid by NAFEC for one system (one
transmissometer) for test and evaluation purposes. The costs for two and three
fransmissometers are generated from that data.

NI = No information,
NA = Not applicable,




purposes. The prices were verified by R. J. Bank Co. (Arlington, Va.), the SNECMA
U. 5. representative for the Lynx system at the time of the NAFEC procurement. No
substantial effort was made to complete the purchasing cost information since on a

single system basis using FY71prices, the cost is higher than the other available systems.

8.2.4 TASKER SYSTEMS MODEL 500

The unit and RVR system purchasing costs shown in Table 23 are based on
RVR equipment cost planning data given by Tasker Systems, as of March 10, 1974, for the
| Model 500. Since Tasker builds this equipment to customer order only, the pricing
for each specific order is based upon direct cost estimates and the burden rates appli~

cable at the time of order.

The quantity prices used in Table 23 are based upon current costs of material

and labor and are valid through 30 April 1976. As a planning guide, the inflationary

effect on costs are assumed by Tasker to be approximately nine (9) percent per year.
Also, to allow adequate amortization of program start-up and administrative costs, the

pricing data is based upon a minimum order size of $100,000.

8.3 INSTALLATION

| Installation of RVR equipment is handled by the local FAA Regional Office.
Cost estimates are made by the region for each site and sent to FAA Headquarters for
approval, The forms used by the regions are the Project Materiel List, FAA Form 4650-1
(Appendix A); the Cost Estimates, Item Summary, FAA Form 2500-~70~1 (Appendix B);
and the Cost Estimate, Item Explanation, FAA Form 2500-40 (Appendix C). The costs
involved could vary significantly for each region and site, dependi(ng upon local labor
costs, material and site preparation required. A detailed cost estimate to install one
transmissometer is provided by the local FAA Regional Office, Airways Facilities

Division, Our estimate (FY76 prices) is as follows:

u



TABLE 23. PURCHASE COSTS (FY76) FOR TASKER 500 UNITS AND SYSTEMS.

UNIT RVR SYSTEM
Quantity Range No. of Transmissometers
Description 1 7-10|21 -27 1 2 3
Price ($ K) Price ($ K)*

RVR 500/1 Main Frame* 6.0 4,3 3.3 | 4.3 4.3 4.3
RVR 500/2 SDC Module 6.4 4.1 3.4 | 4.1 8.2 12.3
RVR 500/3 Ambient Light 23 | 1.5 1.2 [1s | s | s
RVR 500/4P Remote Display
Programmer 105 | 6.2 | 46 |62 | 62 | 6.2
‘S‘Zﬁifg%fif“"w"y Light 1.8 | 1.1 0.8 |11 | 1.0 | 1
R 0/10 i
S;’s'ieﬁ /10 Transmissometer | o4 3 1157 | 13.5 \15.7 |31.4 | 47.1
RVR 500/12TM
RVR S00/12TM Tower, 3.6 |32 | 3.0 (32 | 64 | 9.6
Subtotal 54.9 36.1 29.8 [36.1 59.1 82.1
Provisioning Costs, 10% 5.5 3.6 3.0 3.6 5.9 8.2
Factory Inspection, 3% .6 | 1| o9 |1 | e | 25
Subtotal 7.1 4.8 3.9 4.7 7.7 10.7
Freight Cost, 3% 1.6 1.1 0.9 1.1 1.8 2.5
Custom Duties NA NA NA NA NA NA
Subtotal (Freight) 1.6 1.1 0.9 1.1 1.8 2,5
Total(Washington Office Cost)| 62.0 42.0 34,6 |41.9 68.6 95.3

+ = Prices based on quantity range of 7 - 10.

NA = Not applicable.




Detail Summary

Engineering Amount  Amount  Total
Civil 10 man-days at $150/day  $ 1,500
Electronic 10 man-days at $150/day 1,500
Drafting 7 man-days at $80/day 560
Total Engineering T $3,560
Construction
Supervision: 18 man-days at $150/day  $ 2,700
Utilities installed by hookup to local ILS 300
Support items, cable, etc. (regional equipment
purchase) 2,300
Cost for two concrete bases, trenching, erect
towers, etc. (includes construction personnel) 10,000
Total Construction $15,300

Electronic Installation
Electronic Technician: 18 man-days at $150/day  $ 2,700
Alignment (fransmissometer), test wire hookups,

install RVR computer, light sensor unit, runway no
light setting unit charge
Regional purchases (connectors, cables, clamps,
etc.) 200
Regional freight 200
Total Electronic Installation $3,100
Subtotal - Regional Cost $21,960

Discussions with the New England Regional office indicated that the sample
cost of establishing a complete RVR system is approximately $28 K (estimate FY77)

which compares with the installation cost of $21.9 K obtained above .

Thus, the cost for installation of a typical FAA/NBS RVR system including
two transmissometers, all elecironic equipment, and three remote displays is estimated

as $40.3 K and for three transmissometers, $58.7 K.

8-10
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Other typical RVR FAA/NBS system installation costs are:

Transmissometer only** (hookup, alignment and test):

Electronic technician: 6 man—days at $150/day $ 900

Replacement of RVR System** (remove existing computer
main frame, insfall replacement computer main frame
RVR displays): 17 man-days at $150/day 2,550

Relocation of one Transmissometer Tower**+

Construction cost (7700 x 0.6) 4,620

Installation costs for the Skopolog and Lynx systems are less since they do not require
the installation of towers as in the RVR FAA/NBS system. Therefore, the construction
cost is reduced from $15.3K to $4.6K for a Skopolog system with one transmissometer,
and $6K and $8K for two and three transmissometer systems, respectively. This consid-

eration is also applicable to the Lynx and Marconi systems.

8.4 MODIFICATION KIT INSTALLATION

In the case of modification kits of the type developed by TSC and/or Tasker
Indusiries, installation would be handled by the local FAA Regional Office. The forms
used by the regions are shown in Appendices A, B and C. This format has been used
for the purpose of this cost deployment analysis. The costs involved could vary signifi-

cantly for each region and site, depending upon local labor costs, and material .

* Excludes transmissometer.
** Relocation of one transmissometer tower to change baseline length.
+ This includes technician(s) travel time.

8-1



Our estimate using FY76 prices is as follows:

Detail Summary
Amount Amount Total
Engineering
Civil

Electronic 1 man-day ot $150/day $150
Drafting 1 man-day at $ 80/day $ 80

Total Engineering $230

Electronic Installation

Electronic Technician 2 man-days

at $150/day $300

Alignment transmissometer; test wire _

hookups, etc.) NC
Regional purchases (connectors,
cables, cramps , etc.) $ 50
Regional Freight $ 50
Total Electronic Installation $400
Subtotal - Regional Cost L‘.?,O_
8.5 FIELD CABLING

The cost of installed cables (fransmissometer signals and electrical power)
for new RVR equipment can be significant, especially since several thousand feet of
trenching and cable may be required. In some cases, such as replacement of an
existing transmissometer , the present cables can often be used. Also, as in the case
at Logan International Airport (Boston), existing spare cable may be used for some RVR
installations. However, the availability and use of existing cables cannot be relied

upon, and the following estimates of trenching and cable costs* are presented

(FY77 budget estimates):

*Hilsenrod, A. (DOT/FAA ARD-451): Correspondence to H. Ingrao (DOT/TSC)
July 11, 1975. Regarding FAA inventories of visibility equipment and cabling costs.

8-12
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Item Cost Per Foot

Trenching and burying cable $5.00
Transmissometer Cable, 12 pair conductor
#19 armored, stock No. 6145-00-765-67101 0.90

Power Cable, 3 pair conductor #8 armored,
600 volt, stock No. 6145-00867-46331

I3 15

Total

8.6 MAINTENANCE
The maintenance required for RVR equipment is given in terms of average
hours per month and average man years of effort, The numbers presented here are from

the FAA National Standards — Facility Sector Staffing Reference 52).

The staffing required is determined first by listing all RVR equipment and by
determining the number of “points” associated with that equipment, as noted in Table
24, Once the total number of points is determined in this way, the system "class" is
determined by examining Table 25; the man-hours per month and man-years maintenance
staffing required for this class is then found in Table 26. Based on the criteria outlined
and data given in Tables 24, 25, and 26, the total number of points for an RVR system
with one transmissometer is 1,110, which corresponds to a Class C maintenance and

therefore a 0.51 man-year staffing for maintenance.

Thus, using the same example as before, a complete system consisting of
three transmissometers, three signal data converters, six remote display units, and one

each of the other computer equipment elements results in the following:

3 transmissometer systems at 300 each 900
3 signal data converters at 275 each 825
6 remote displays at 100 each 600
1 each remaining items from Table 24 435

Total Points 2,760

8-13



This gives a Class E installation or a maintenance staffing level of 1.12 man-years.
The same computation for an RVR installation with two transmissometers gives a Class D

installation or @ maintenance staffing level of 1 man-year.

TABLE 24. FAA MAINTENANCE POINT COUNT FOR RVR
EQUIPMENT (REFERENCE 52),

ltem Points

Transmissometer Equipment

Transmissometer System 245

Recorder 50

Meter _S5
Subtotal 300

Computer Equipment

Signal Data Converter 275
Time Base Generator 50
Receiver Decoder 230
Control and. Power Supply 50
Signal Line Modifier 25
Runway Light Intensity Unit 15
Day/Night Switch (Photocell) 15
Computer Selector 50
Remote Digital Display Unit 100

Subtotal _810

Total 10

8-14
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TABLE 25. FAA MAINTENANCE RVR EQUIPMENT CLASS
DETERMINATION (REFERENCE 52).

Class Point Count
A < 400
B 401 - 400
C 601 - 1200
D 1201 - 2200
E 2201 - 3000
F 3001 - 4000

TABLE 26. NATIONAL STANDARDS - FACILITY SECTOR
STAFFING MAN-YEARS PER FACILITY
(REFERENCE 52).

Man=Hours Man=Hours
Class per Month per Year Man-Years
A 33 396 0.19
B 46 552 0.27
C 89 1068 0.51
D 173 2076 1.00
E 193 2316 1.12
F 278 3336 1.60

Maintenance operations for the present FAA/NBS RVR instrumentation requires
electronic technicians in the middle of the GS 11 scale ($17.5K). Considering a 35
percent overhead*, the cost for one man-year would be $23.6K. Therefore, the mainte-
nance cost for an FAA/NBS RVR system with one transmissometer is $12K , for two trans-

missometers it is $23.6K, and for three it is $26.4K. For the Skopolog, Lynx, and

* The overhead percentage will depend on the type of operation (i.e., F&E reimburs~
able agreement, etc.)
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Marconi systems, we do not know at this time the level of expertise and training required
by the electronic technician to pro#erly maintain the systems. It should be pointed out
that due to the nature of the RVR instrumentation (safety), FAA personnel maintain full
and positive control; therefore, no contractor personnel can be considered for the main-

tenance of this instrumentation.

8.7 TRAINING

At present, the FAA usually trains personnel from high density facilities (i.e. ,
those with many RVRs). It is possible that sometime in the future the FAA will train
personnel from other airports. Formerly the training consisted of a two to three week
course at the FAA Aeronautical Center facilities in Oklahoma City. Training on
new Tasker 500 equipment is presently being handled at the Tasker Industries facilities
as o two week course. Discussions with M. Sliwa, FAA New England Regional Office,
indicated that $150/day is the rule-of-thumb estimated cost for training on visibility

equipment. This includes salary, per diem, and travel expenses.

The training for present RVR instrumentation is a three-week course; thus an
RVR FAA certified technician costs $2,25K for training. It is safe to assume that

training for other RVR systems will be approximately the same.

8.8 PROVISIONING

It is estimated that for E/G, lighting systems, and miscellaneous (Reference 50),

ten (10) percent of the equipment purchase cost per year (ten-year amortization) is for
provisioning. The provisioning for the typical RVR installations using commercially

available systems considered in this report is included in Table 27.

g8-16
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8.9 TOTAL DEPLOYMENT COST ESTIMATES FOR TYPICAL RVR
INSTALLATIONS

Based on the results of this section, Table 27 summarizes the estimated deploy~

ment costs for typical one, two and three transmissometer RVR installations.

The Washington office costs given in Table 27 indicate that the price of the
Tasker 500 system is comparable to that ofthe Skopolag:and the Lynx and almost 30
percent lower than the price of the IVR-2 for a 3 ransmissometer system. When the
subtotals of the Regional Office are added, the total Tasker 500 system deployment cost
is higher than the one for the Skopolog system due to transmissometer tower deployment

costs, It is important to notice that we are comparing deployment costs and no considera-

tions of cost-effectiveness or life-cycle are being made.
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TABLE 27. SUMMARY OF ESTIMATED DEPLOYMENT COSTS FOR TYPICAL RVR INSTALLATIONS
USING COMMERCIALLY AVAILABLE SYSTEMS.*

Number of Transmissometers

Item Explanation Skopolog Mf\'}%(’_'g+ Lynx- Tasker 500
1 2 3 1 2 3 1 2 3 1 2 3

Washington Office Cost
RVR System Cost 29.8 | 54.3 | 72.C Ni NI {125.0 | 38.6 | = - 36.1 | 59.1 |82.1
Provisioning, 10% 3.0 5.4 7.2 NI NI {125 ] 3.9 - - 3.6 | 5.9 1| 8.2
Focfo.ry Inspection, 3% 0.9 1.6 2,2 NI NI 3.7 - - - 1.1 1.8 2.5
Freight Cost 4.8 8.7 | 11.5 NI NI - - - - 1.1 1.8 ] 2.5
Subtotal = ** :

Washington Office Cost{ 38.5 | 70.0 | 92.9 NI NI |141.2 | 42.5 41.9 | 68.6 | 95.3
Regional Cost
Engineering 3.5 3.5 3.5 1 3.5} 3.5 35| 3.5 3.5] 3.5] 3.5 3.5 3.5
Construction 4,0 6.0 8.0 | 4.0} 6.0 8.0 4.0} 6.0 . 8.0 15.3 | 30.6 | 45.9
Electronic Installation 3.1 6.2 9.3 | 3.1} 6.2 9.3 | 3.1 6.2 | 9.3 3.1 6.2 9.3
Subtotal - '

Regional Cost 10.6 | 15.7 | 20.8 | 10.6 | 15.7 | 20.8 | 10.6 | 15.7 | 20.8 | 21.9 | 40.3 | 58.7
Total 49,1 | 8.7 |113.7 | - - le2.0 |53.1| - - 63.8 [108.9 | 154.0

*Estimates are given in thousands of dollars.

**See Tables 21, 22 and 23. In the case of importe

charges to the Port of N.Y. and custom duties.

+See Subsection 8.2.2.
Ni=No information

d equipment the RVR system cost given in this table includes shipping

t
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9. ELEMENTS OF DEPLOYMENT COST FOR
PROPOSED ARVIS INSTALLATION

In this section estimated costs for establishing MOD I, Il and 111 (ARVIS)
installations is presented. Due to the nature of these modifications and since there
are not  in existence as commercial products many of the units required to implement
the modifications, the estimates are within item c(1) of the Cost Estimating Methcdology

(see Subsection 8.1).

As discussed in Section 7, the ARVIS is currently .in the development
stage by TSC and it will be tested and evaluated at NAFEC in the near future. The
scheduling of this test is, at present, contingent to budget allocation only. Cost
items included are purchase, installation, field cabl ing, maintenance, training,
freight, factory inspection and provisioning. System development costs, access road

to the field site and regional freight are not included in the cost estimate.

9.1 COST ESTIMATING METHODOLOGY

TSC has developed the MOD |, Il and Il and implemented them in the form of
breadboard. MOD | has been laboratory and field tested. One field test* took place

at Tasker Systems from May to June 1974, A second test* took place at NAFEC
during November 1974,

The MOD Il and [l have been tested at TSC in 1974 - 75 during development.
The engineering specifications of MOD | and Il are well defined; therefore, the cost

estimating will be based on the cost and engineering experience gathered by TSC

during the development breadboard of these two modifications.

* TSC report is in preparation.



The estimate for the prototype will be based on materials, electrical and
mechanical engineering, drafting, manufacturing, electrical and environmental tests

and decumentation.

9.2 EQUIPMENT PURCHASE

The MOD I, 11 and 111 have been developed and thoroughly tested in the
laboratory at TSC. The MOD | has been thoroughly tested at Tasker Systems and
NAFEC. To reach the prototype (preproduction) stage of the different modification
units it is required to develop the prototype models based on the TSC speéificaﬁon.
Therefore, the prototype cost per unit will reflect an engineering effort and four units

of each type as a deliverable,

9.2.1 MOD |

In the MOD | the estimated R&D cost (FY76) to implement the present MOD |
specifications to the prototype stage will be $145K which includes four prototypes
MOD | fully engineered, tested and documented. That means $36.2K per modification

set (receiver and projector power supply and control).

For the MOD | production model, and for the type of hardware and quantity
range under consideration, it is assumed that the manufacturing and test costs are 100%
of the material costs and that the instruction manual, documentation, marketing, price
and profit is also 100% of the material costs. For 5 to 9 units the material cost for a
MOD 1 set is $1.3K, for 10-29 $1.0K and for 30-99 $0.9K. Therefore, the respective

estimated total purchase costs per unit (see Table 28) are $3.9K, $3.0K and $1.8K.

9.2.2 MOD Il

For the MOD (I, estimated purchase costs for the receiver and projector

power supply and control units are the same as for the MOD |, The estimated R&D

o
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cost (FY76) to implement the present MOD |l specifications to the prototype stage will

be $267K which includes four prototypes MOD Il fully engineered, tested and documented
with the associated software. In the $267K estimate has been included also the MOD |
units that are common to the MOD Il. For these production MOD |l units, and for the
type of hardware and quantity range under consideration, an 8K memory minicomputer
with minor additions is estimated $6K+, a teletype with the interface $2.0K+, and the
I/O interface at $3K. The estimated purchase cost of the 1/0O includes the hardware
integration, The total estimated purchase cost (FY76) of electronic units for the MOD I
are in Table 29, If the MOD Il is evolved from a MOD | the development and/or

procurement costs of the units common to the two modifications should be deducted.

TABLE 28. ESTIMATED PURCHASE COST (FY76) OF
ELECTRONIC UNITS FOR MOD 1.

Price ($K)
Unit Description Proto=* Number of Units
YPe | 5.9xx | 10-29++ | 30-99x+
Receiver No. 10-R-250 or
No. 10-R-500 18.1 1.9 1.5 0.9
Projector Power Supply and
Conh‘ol No. Iz_P ‘ ]8.] ].9 105 0.9
Subtotal 36.2 3.9 3.0 1.8
Provigioning, 10% : 3.6 0.4 0.3 0.2
Factory Inspection, 3% 1.1 0.1 0.1 0.1
Subtotal 4.7 0.5 0.4 0.3
Freight Cost, 3% 1.1 0.1 0.1 0.1
Custom Duties . - - - -
Subtotal 1.1 0.1 0.1 0.1
Total (Washington Office Cost) 42.0 4.4 3.5 2.2

! *Based on four sefs,
**The R&D cost for the prototype is not included as an element of costs

*+Based on PDP-11 Digital Equipment Corporation 1975 prices.
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TABLE 29. ESTIMATED PURCHASE COST (FY76) OF
ELECTRONIC UNITS FOR MOD II.

Price
Unit Description Proto=* Price ($K)
fype | 59w+ | 10-29++ | 30-99*+

R oraasgo " 181 | 1.9 | s 0.9
Projector Power Supply and 18.1 | 1.9 1.5 0.9
Minicomputer No. 24-C 6.0 6.0 5.5 5.5
1/O Interface No. 26-1 22.5 3.0 2.5 2.3
Teletype No. 28-T 2.0 2.0 1.8 1.8

Subtotal 66.7 14.8 12.8 11.4
Provisioning, 10% 6.7 1.5 1.3 1.1
Factory Inspection, 3% 2.0 0.4 0.4 0.3

Subtotal 8.7 1.9 1.7 1.4
Freight Cost, 3% 2.0 0.4 0.4 0.3
Custom Duties - - - -

Subtotal (Freight) 2.0 0.4 0.4 0.3

Total (Washington Office Cost) 77 .4 17.1 14.9 13.1

*Based on four sets.

**The R&D cost for the prototype is not included as an element of cost.
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9.2.3 MOD (Il ARVIS

The estimated R&D cost (FY76) to implement the present MOD ]|
specifications to the prototype stage will be $497.6K which includes four prototypes
MOD IlI fully engineered, tested and documented and with the associated software.
Thet means $124.4K per ARVIS system. For the MOD I11,. we suggest to include mini-
computer redundancy to increase reliability in the operation since all the airport

visibility measuring equipment will be serviced by only one minicomputer,

The estimate is based on a 16K* minicomputer at $9.2K; 1/0O interface at
$5.7K; _ incremental digital tape recorder at $5.3K; teletype at $2.0K; high speed
tape reader at $1.6K; and minicomputer redundancy at $9.2K. The estimated
purchase costs (FY76) of electronic units for the MOD 111 ARVIS are in Table 30.

If the MOD 111 is evolved from a MOD | or MOD Il the development and/or procure~
ment costs of the units common to the MOD 111 and the previous modifications should

be deducted.

9.3 INSTALLATION

It is assumed that the MOD I, Il and Il installations will be handled by
the local FAA Regional Office. The MOD I and Il have been designed in such a way
that the removal of the FAA/NBS transmissometer units and the installation of the
corresponding MOD units replacement can be achieved in the field and using only
hand tools of the type found in an electrician's tool box. The MOD Il ARVIS
will require the same type of tools, equipment and personnel that is required for the

Tasker 500 system and minicomputer installations.

*To accommodate SVR compilation, the 8K (MOD Il) minicomputer should be
expanded to 16K word, 16 bit core.



TABLE 30. ESTIMATED PURCHASE COSTS (FY76) OF ELECTRONIC
UNITS FOR MOD |11 ARVIS.

Unit . ARVIS
Quantity Range No. of Tronsmissometers
Description Frototype* | 5 -9 10 & vp 1T | 2 3
Price ($K) : Price ($K)**
Receiver 30-R-250 or
Receiver 30-R~75 20.0 3.6 3.0 3.0 6.0 2.0
Projector Power Supply
& Conirol No. 12-P 18.1 1.9 1.5 1.5 3.0 4.5
Slave Control 32-5 19.0 3.9 3.0 3.0 6.0 9.0
Sky Background
Luminance Meter
No, 34-L 4.0 1.7 1.4 1.4 1.4 1.4
Minicomputer Wkl19.5 19.5 19.5 19.5 19.5 19.5
1/O Interface No. 34-1 10.0 5,7 5.7 5.7 5.7 5.7
Teletype No. 28-T 2.0 2,0 1.8 1.8 1.8 1.8
incremental Digital
Tape Recorder .
No. 36-R 5.8 5.8 5.3 5.3 5.3 5.3
Master Control
No. 37-M 2.0 2.8 2.0 2.0 2.0 2.0
Photometric Display
No. 38-P 5.0 3.9 3.0 - 3.0 3.0 3.0
Remote Digital RVR
Display No. 39-D 12.) 6.3 5.0 5.0 5.0 5.0
Subtotal 124.4 57.1 51,2 51.2 | 58.7 | 66.2
Provisioning, 10% 12.4 5.7 5.1 50 | 59 | 6.6
Factory Inspection, 3% 3.7 1.7 1.5 1.5 1.8 1.9
Subtotal 16.1 7.4 6.6 6.6 7.7 8.5
Freight Cost, 3% 3.7 1.7 1.5 1.5 1.8 1.9
Custom Duties - - - - - -
Subtotal (Freight) 3.7 1.7 1.5 1.5 | 1.8 | 9
Total (Washington . :
Office Cost) 144.2 66.2 59.3 59.3 68.2 76.6

* Based on four sets.
*+* The R&D cost for the prototype is not included os an element of cost.
*** Minicomputer with redundancy and associated high~speed tape reader.
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?.3.1 MOD |

Our estimate for a MOD | installation following the FAA Form 2500-40 is:

Detail Summary
Amount Amount Total
Engineering
Civil 0 man-day 0

Electronic 1 man-day at $150/day  $150
Drafting 1 man-day at $80/day $ 80
Total Engineering $230

Electronic Installation

Electronic 2 man-days at $150/day  $300
Technician

Regional purchases
(connectors, cables,
clamps, etc.) $100
Total Electronic Installation $400

Subtotal -Regional Cost $630

—

It should be pointed out that there are no construction costs.
For two transmitters the estimated cost for a MOD | installation is $930 and for three

transmissometers it is $1,230.

9.3.2 MOD 11

The MOD 1l installation cost estimate could be made as o step up of the
cost estimated for the MOD | since it is an expansion of the MOD |. The increase in
installation cost will be mainly in the system debugging, the test of program, and
overall system test. This cost increase over the MOD | installation will reflect an
estimated 200 percent increase in the electronic installation ($800). Therefore, the

costs will be:



Engineering
Construction
Electronic Installation

Subtotal-Regional Cost

Summary
Amount

$ 230
0

$1,200

]

$1,430

Therefore, the estimated MOD Il installation cost for one transmissometer is $1,430.

The cost for iwo transmissometers, due to non=recurrent costs, will be $1,830 and for

three, $2,230.

9.3.3 MOD Il ARVIS

The estimated installation cost for a MCD 11 ARVIS with one transmissometer is:

Engineering
Civil
Electronic

Drafting

Electronic Installation

Technician

Regional purchases
(connectors, cables,
clamps, etc.)

Detail  Summary

Amount  Amount Total
0 man-day 0
1 man-day at $150/day $ 150
1 man-day at $80/day § 80
Total Engineering $ 230
10 man-days at $150/day $1,500

$ 100
Total Electronic Installation $1,600
Subtotal-Regional Cost $1,830

o
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For MOD IIl ARVIS installations with additional transmissometers, two extra man-days
and an additional $100 in regional purchases per additional transmissometer should be
considered. Therefore, the estimated installation cost for a MOD 11l ARVIS with two

transmissometers will be $2,230, with three $2,630, and with four $3,030.

9.4 FIELD CABLING

The installation of the MOD | or |l does not require any installation of
cables (tfransmissometer signals and electrical power) since these two modifications
only replace and/or delete existing units in the FAA/NBS transmissometer system.

The installation of the MOD |1l requires the transmission of control signals from the
master to the slave control unit and vice versa. This requires an additional cable or a
fransmission scheme that could use the transmissometer signal cable to transmit the con~

trol signals.
9.5 MAINTENANCE

The maintenance required for the RVR MOD |, MOD Il and MOD 1l ARVIS

is given in terms of average hours per month and average man-years of effort.

9.5.1 MOD |

For the MOD | we adjust the numbers presented in the FAA National Standards -

Facility Sector Staffing (Reference 52) to reflect the changes from vacuum tube to solid
state technology. The MOD | changes are made only in the transmissometer; therefore,

the points relevant to the computer equipment (see Table 24) remain the same (810) and

the points for the transmissometer change by an estimated 50% réducfion to 122. There-
fore, the total maintenance point count is 988 which makes the MOD | a class C installa-
tion (see Table 25). This requires a 0.51 man~-year staffing for mpintenance. That means
that MOD 1 requires the same level of staffing for maintenance as the standard FAA/NBS

system, since the MOD | affects only the transmissometer and not the computer equipment



which carries 810% of the maintenance point count. If this analysis is extended to three
RVR MOD | systems there is no change with respect to the FAA/NBS RVR system; that is,
1.12 man~-years staffing is still required for maintenance.

9.5.2 MOD II

For the MOD Il system the maintenance point count has a major change over

the MOD | since it affects the computer equipment. Table 31 gives the detailed count,

TABLE 31, ESTIMATED MAINTENANCE POINT COUNT FOR
RVR MOD Il EQUIPMENT.

ltem Points

Transmissometer Equipment

MOD Il transmissometer system* 122
Subtotal 122

Computer Equipment

Minicomputer No. 24-C 50
I/O Interface No, 26~-1 50
Teletype No. 28-T 50
Control and Power Supply 50
Signal Line Modifier 25
Runway Light Intensity Unit 15
Day/Night Switch (Photocell) 15
Computer Selector 50
Remote Digital Display Unit 100
Subtotal 405
Total 527

*The MOD Il consists of the MOD | plus additional
changes in the computer equipment (see Table 20).

The total maintenance point count for the MOD Il system is 527 which makes it a class B
system (see Table 25) requiring 0,27 man-year staffing for maintenance. That means that

MOD 11 requires one half the manpower to maintain a standard RVR FAA/NBS system.,
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For a MOD Ii system using three transmissometers, 0.6 man-year will be required which

again will be one half the manpower required fo maintain a standard system.

9.5.3 MOD 11l ARVIS

The estimated maintenance point count for the MOD Il ARVIS is
comparable to that shown in Table 31 for MOD II. Therefore, the conclusions

given in Subsection 9.5.2 are applicable.

9.6 TRAINING

The MOD | or MOD Il maintains the main system concept used in the FAA/
NBS RVR system. The main differences lie in the usage of a solid state detector,
integrated circuits and a software oriented computer (minicomputer). Therefore, we
should consider two aspects of the training: personnel already trained at the FAA
Aeronautical Center (Subsection 8.6) on RVR equipment and untrained personnel. For
the trained personnel, it will require 3 days to learn the circuitry and maintenance of
MOD | and one week for the MOD 11 at the facilities of the manufacturer. For untrained
personnel, it will take a three-week course as is required for the present FAA/NBS RVR
system. The same three-week course should be required for the MOD 11l ARVIS. Asa
rule=~of-thumb, $150/day is estimated for training costs. Therefore, assuming FAA

personnel trained on the FAA/NBS RVR equipment, the training costs are:

MOD | 3 days at $150/day $ 450

MOD I 5 days at $150/day $ 750

MOD Ill 21 days at $150/day $3,150
9.7 PROVISIONING

The same criteria used in Subsection 8.7 are considered for provisioning; that

is, ten (10) percent of the equipment purchase cost.
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9.8 TOTAL COST PER MOD INSTALLATION

Based on the results of this section, Table 32 summarizes the estimated

deployment costs for typical one, two and three transmissometer RVR installations

using the MOD |, 11 or |1l modification level. It is important to notice that we are

comparing deployment costs and no considerations of cost-effectiveness or life

are being made.

TABLE 32. ESTIMATED TOTAL COSTS PER MOD I, Il OR IIl INSTALLATION.

-cycle

Price ($K)
MOD | MOD I MOD 11l
Item Explanation No. of Transmissometers
2312 |3 1 2 | 3
Washington Office Cost
MOD Unit Cost* 3.016.0] 9.0)12.8|15.8 | 18.8 | 51.2 | 58.7 | 66.2
Provisioning, 10% 0,310,611 0.9 1.3 1.6 1.9 5.1 5.9 6.6
Factory Inspection, 3% | 0.1 0.2 0.3] 0.4 0.5]| 0.6 1.5] 1.8 1.9
Freight Cost, 3% 0,102 03| 0.4] 05| 06| 1.5 1.8] 1.9
Subtotal - N o
Washington Office Cost | 3.5 | 7.0 [ 10.5|14.9 | 18.4 | 21.9 | 59.3 | ¢8.2 76.6
Regional Cost
Engineering 0.210.2| 0.2} 0,2} 0.2 0.2} 0.2 0.2] 0.2
Construction 0.0y0.0{ 0,0 0.0f 00| 0.0 0.0{ 0.0{ 0.0
Electronic Installation [ 0.4 [ 0.7 | 1.0} 1.2] 1.6 | 2.1] 1.6] 2.0 2.4
Subtotal - -
Regional Cost 06109 1.2} 1.4 1.8 2.3| 1.8| 2.2 | 2.6
Total 4.117.9 1 NM.7(16.320.2 | 24.2 | 61.1 70.4 | 79.2

*The unit costs are based on estimated

(see Tables 28, 29 and 30),

purchase costs for 10~29 units per order

9-12
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10. ELEMENTS OF DEPLOYMENT COST FOR FAA PROPOSED SVR SYSTEM

In this section, typical cost for establishing an SVR system on CAT Il runways
is presented. As discussed in Section 4, the SVR system is currently in the develop-
mental stage by NWSC and it is under test and evaluation af NAFEC. Operational
demonstrations are planned for two airports with CAT 1] runways. Consequently, the
only available cost information for an SVR system are those for the operational demon-
stration program. Cost items included are purchase, installation, field cabling, mainte-
nance, training, freight costs, factory inspection and provisional costs. For foreign-
made systems, the prices are given CIF port of New York. System development costs,

access road to the field site and regional freight are not included in the cost estimate.

10.1 COST ESTIMATING METHODOLOGY

The F&E Cost Estimate Summaries Handbook (Reference 50) and specifically
the Handbook information which refers to the installation of RVR (see Subsection 8.1) is

applicable to the installation of SVR due to the similarity of the instrumentation.

10.2 EQUIPMENT PURCHASE

The SVR system developed at NWSC is at the breadbeard stage and it will
require an engineering effort to bring the breadboard to the prototype (preproduction)
level. It is estimated that the engineering effort will be at the $400K level which
will include the delivery of a preproduction system with full documentation. In this
section we analyze the equipment purchase cost for the units that integrate the SVR
system once fully engineered. Purchase costs for three different SVR options are
given in Table 33. These options are based on the usage of three reasonable alterna-

tives to measure (directly or indirectly) the atmospheric transmittance at 100 and 10

feet above the ground (see Subsection 4.3).
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TABLE 33. ESTIMATED TOTAL COSTS (FY76) OF ELECTRONIC EQUIPMENT
FOR THE FAA SVR SYSTEM.

. Unit . Price ($K)
o Cost ($K) e Option | Option | Option
A B C
Forward Scatter Meter 10.8 2 21.6 - -
Compact Forward Scotter Meter' | 6.0 | 2 - 12.0 -
Compact Transmissometert 6.0 2 - - 12.0
Luminance Meter *** 2.0 2 4.0 4.0 4.0
Nluminance Meter 2.0 1 2.0 2.0 2.0
Minicomputer (16K} and Peripherals 19.5 1 19.5 19.5 19.5
1/0 Interface 5.7 1 5.7 5.7 5.7
SWR Display 5.0 1 5.0 5.0 5.0
Magnetic Tape Recorder (3 cassettes) 5.3 1 5.3 5.3 5.3
Analog/Digital Converter and Data
Transmitter 8.5 1 8.5 8.5 8.5
Anemometer 0.5 1 0.5 0.5 0.5
High Infensity Runway Light Setting
Unit * - 1 - - -
Approach Runway Light Setting Unit* - 1 - - -
"Touchdown Transmissometer* - 1 - - -
Miscellaneous Equipment (racks,
meters, spore parts) 6.0 - 6.0 6.0 6.0
100-ft Tower, Accessories and
Installation Hardwere 25.0 1 25.0 25.0 25.0
Subtotal - - 103.1 93.5 93.5
Provisioning, 10% - - 10.3 9.4 9.4
Factory Inspection, 3% - - 3.1 2.8 2.8
Subtotal - - 13.4 12.2 12,2
Freight Cost, 3% - - 3.1 2.8 2.8
Custom Duties, 10% - - - 1.2 1.2
Subtotal (Freight) ' - - 3.1 4.0 4.0
Total (Washington Office Cost) - - 119.6 109.7 109.7

* The SVR system requires o touchdown trensmissometer and associated equipment.
In this estimate, it is assumed that such tronsmissometer is deployed (CAT 11
runway) and, therefore, it is not part of the estimate.

** Based on EG&G FSM Model 206 purchase costs (see Section 6.3.1).

*** Only one Luminance meter is needed for SVR. The additional meter is for
the ALCH capability.

*Based on Fumosens $4.3K pﬁrchose costs (see Subsection 6.4.1), . plus the
addition of an estimated $1.7K interface.

+ Based on MET=1 purchase costs (see Subsection 6.6.2).
*+H+Applicable only to imported sensors.
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The approximate FAA hardware procurement cycle is nine months and the
average delivery time which varies with the manufacturer, is usually up to six menths for

the small quantities considered in the SVR procurement.

10.3 INSTALLATION

Installation of RVR equipment is handled by the local FAA Regional Office.
In the case of the SVR equipment, since it is not operational, and is in the transition
from development to an operational demonstration, it will be handled by FAA Head-

quarters with the cooperation of the respective FAA Regional Office.

The forms used by the regions are the Project Materiel Lists, FAA Form
4650-1, the Cost Estimates, ltem Summaries, FAA Form 2500-70-1, and the Cost Estimate,
Item Explanation, FAA Form 2500-40 (Appendices A, B and C). The same material has
been used for the purpose of this installation cost analysis. The costs involved could vary
significantly for each region and site, depending upon local labor costs, material and

site preparction required. Our estimate (FY76 prices) is:

Detail Summary
Amount Amount Total
Engineering
Civil 20 man-days at $150/day $3,000

Electronic 20 man—days at $150/day 3,000
Drafting 30 man-days at $ 80/day 2,400
Total Engineering $8,400

Construction

Supervision 30 man-days ot $150/day 4,500

Cdble installation 18,500
Regional Purchases 2,300
Cost for concrete base,
tower erection, etc. 10,000
Total Construction $35,300
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~ Detail Summary
Amount Amount Total

Electronic Installation

Electronic
Technician 22 man-days at $150/day  $3,300

Regional Purchases 500
Regional Freight ___500
Total Electronic Installation $4,300
Subtotal -Regional Cost M

10.4 FIELD CABLING

The cost of installed cables for the SVR equipment can be significant,
especially since several thousand feet of trenching and cable may be required away from
the runway. The SVR tower will be installed at a 1| "300 ft distance from the axis of the
runway (see Figure 3). The_ intersection of the perpendicular to the axis of the runway,
passing through the position of the SVR tower, will be at approximately 2,000 ft from
the touchdown zone. Therefore, the distance from the SVR tower to the ILS housing
(touchdown zone) will be on the order of 2,500 ft. It is assumed for the SVR installation
under discussion that an existing spare cable may be available from the ILS housing to
the airport control tower and that only a cable from the SVR tower to the ILS
will have to be provided. The type of cable, cable and trenching costs ($7.40 per foot)
given in Subsection 8.4 are applicable. Therefore, the estimated field cabling for an

SVR installation is $7.40/ft x 2,500 ft = $18,500.

10.5 MAINTENANCE

The maintenance required for the SVR equipment will be given in terms of
average hours per month and average man-years of effort. The numbers presented here
will be based on the FAA National Standards - Facility Sector Staffing (Reference 52)
based on the similarity between RVR and SVR instrumentation.

The staffing required is determined first by listing all SVR equipment and by

determining the number of "points" associated with that equipment, as noted in Table 24.
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Once the total number of points is determined in this way, the maintaining equipment
"class" is determined by examining Table 25; the man-years maintenance stoffing

required for this class is then found in Table 26.

The estimated maintenance point count is given in Table 34, The 1200 point

count is a class D maintenance equipment which requires a one man-year staffing.

TABLE 34. ESTIMATED MAII;ITENANCE POINT COUNT FOR
SVR EQUIPMENT

ltem Points

Field Equipment

Forward Scatter Meter (2) 200
Luminance Meter (2) 30
Illuminance Meter 30
Anemometer _49_
Subtotal 300

Computer Equipment

Minicomputer (16K) and Peripherals 250
Sensor-Computer 120
Analog/Digital Converter and Data

Transmitter 120
Digital Cassette Tape Recorder 275
High Intensity Runway Light Setting Unit 15
Approach Runway Light Setting Unit 15
SVR Display _100

Subtotal _895
Total 1195

*Point count based on analogy of Reference 53 data.
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It is assumed that the SVR system will be configured in such a way that the
maintenance could be performed by electrenic technicians in the middle GS 11 scale
($17.5K), that means the same GS level as for the present RVR instrumentation.

Considering 35 percent overhead”, one man=year cost would be $23.6K.

10.6 TRAINING

Since the SVR will be a new system, there is no FAA precedent on
training for this particular system. Therefore, it is assumed that the personnel train-
ing for the first few deployed SVR systems will be handled by the contractors and in

their facilities.

Based on the experience of the RVR system (see Subsection 8.6), a four week
training course for the SVR ot $150 per day is estimated. This includes salary, per diem,

and fravel expenses. Therefore, an SVR trained technician will cost $3K.

10.7 PROVISIONING

The provisioning costs for SVR will follow the same criteria used for RVR

systems (Subsection 8.7), that is, ten (10) percent of the equipment purchase cost.

10.8 TOTAL COST PER SVR INSTALLATION

Based on the results of this section, Table 35 summarizes the estimated deploy-
ment cost for the FAA proposed SVR system . The total costs are $167.6K, §157.7K and
$157.7K for Options A, B, and C, respectively. Attention should be directed to
the fact that the installation of an SVR system implies the use in the corresponding
runway of an RVR system. Thus, the SVR system will share the use of the touch-
down transmissometer, the approach runway light setting unit, and the high intensity
runway light setting unit. Therefore, the corresponding unit costs are not reflected in

the estimated total SVR system deployment cost.

*The overhead percenfage will depend on the type of operation (i.e., F&E
reimbursable agreement, etc.).
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If the SVR system is installed in an airport with an ARVIS (MOD I11) the
SVR becomes part of the overall ARVIS and will share the minicomputer 1/O interface
and display. Thus, the total price for the SVR system Option 1 will be $89.5K or

almost 30 percent cost reduction of the SVR stand-alone total price.

TABLE 35. DEPLOYMENT COST ESTIMATE FOR FAA
PROPOSED SVR SYSTEM.

Cost ($K)
Option A | Option B | Option C

Item Explanation

Washington Office Cost

SVR System 103.1 93.5 93.5 ]
Provisioning, 10% 10.3 9.4 9.4
Factory Inspection, 3% 1 —-3:—»“ | 2._5‘ 2.8
Freight Cost, 3% 3.1 2.8 2.8
Custom Duties, 10%* - 1.2 1.2
Subtotal Washington Office Cost| 119.6 109.7 109.7

Regional Cost

. Engineering 8.4 8.4 8.4
Construction 35.3 35:3 3;3 |
Electrenic Installation 4.3 4.3 4—.3 |
Subtotal Regional Cost ' 48.0 48.0 48.0
Total 167.6 157.7 157.7
*Applicable only to imported sensors.
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11. TYPICAL VISIBILITY MEASURING SYSTEM UPGRADE DEPLOYMENT COSTS

This section presents estimated deployment costs for establishing visibility
measuring equipment in airports which presently have RVR instrumentation, in order
to meet the requirements of the FY76-FY85 period. Based on the elements of deployment
costs as estimated in Section 8, it is clear that the two competitive systems commercially
available are the Tasker 500 and the Skopolog. It should be indicated that the Tasker
500 meets the FAA requirements, including the location of the axis of the transmissometer
above the ground (15 feet) which is not met by the Skopolog. Also, the Tasker 500 is
compatible with the existing FAA/NBS RVR systems. Due to the above facts, the esti~
mated deployment costs for typical installations will be based on the Tasker 500. This
cost criteria does not mean a final selection and recommendation of the Tasker 500,
These costs will be compared with the estimated deployment costs of the MOD i1 ARVIS,
for the same installations, as developed in Section 9. The typical systems will be the

ones generated by the needs of the airports described in Subsection 5.4,

11.1 COST ESTIMATING METHODOLOGY

The cost estimating methodology for the typical visibility measuring systems
is based on the methodology developed in Subsections 8.1, 9.1, and 10.1. |t should
be pointed out that in some of the installations to be analyzed in this section, some
adjustments should be made on the costs evolved in Section 8. More specifically, the
Tasker 500 can make use of the existing towers on which present FAA/NBS trans-

missometers are mounted and also can make use of the present transmissometers
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or modified versions by means of the Tasker Modification Kits. Since we are interested
in estimated deployment cost ratios and/or differentials between implementation of a
given installation with Tasker 500 and MOD i ARVIS, costs of cabling and access
roads to the field site are not included. Therefore, when referring to the estimated
deployment costs of the Los Angeles International Airport, for example, the estimated
cost can establish ratios and/or differentials for a decision making criteria of the lowest
deployment cost system, but does not imply that the deployment can be carried out

with a budget equal to the estimated cost. To reach the amount for the deployment
budget, the deployment costs particular to the given airport, which have not been

taken into account in the estimates used to obtain the ratios, should be added.

11.2 SUGGESTED SYSTEMS OPTIONS FOR FY76-FY85

Typical systems for FY76-FY85 will reflect some of the options that the de-
cision maker will have to confront. Suggested deployment options and associated costs

are described in this Subsection.

Option 1:  In this option, it is assumed that during the period FY76-FY85
the airport RVR equipment needs will be satisfied with Tasker
500 equipment. SVR will be implemented in accordance with

the NWSC development (Section 4).

All cost information about the Tasker 500 is from Table 27;
all cost information cbout the SVR is from Table 35. To account
for equipment alraady ot the airport, the costs of towers, frans-
missometers, etc. may be deducted from the cost of the Tasker

500 system. This cost information is from Toble 23.
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Option 2:

Option 3:

Option 1 did not consider replacement and/or updating of pres-
ently deployed equipment. It will be difficult to assume that
the original FAA/NBS RVR system at airports will continue to be
operationally acceptable (maintenance) until FY85. Option 2
introduces Tasker Modification Kits to the existing RVR systems.
As in Option 1, it is assumed that future needs will be satisfied
with Tasker 500 equipment and an SVR system as developed by
NWSC.,

In addition to sources given for Option 1, cost informa~-
tion for Tasker Modification Kits is from Subsection 6.10.3;
cost information for the engineering and electronic installation

of the Modification Kits is from Subsection 8.3.1.

In this option, it is assumed that during the period FY76-FY85
the existing RVR systems will be replaced with Tasker 500s in
addition to the installation of projected systems. Therefore,
from the cost of the replacement Tasker 500 systems must be
deducted the cost of the towers and ambient light sensors which
are already installed at the airport. Also s to this must be added
the cost of additional runway light setting units so that every

runway of the airport is equipped.

Cost information on the towers, ambient light sensors
and runway light setting units are from Table 23; dll other cost

information is the same as for Option 1.
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Option 4:

Opotion 5:

In this option it is assumed that the requirement of extra RVR
systems are satisfied by installing an ARVIS (MOD 1l). The
SVR system will share the ARVIS computer. To the cost of the
ARVIS (MOD 111) must be added the cost of towers and trans-
missometers without electronics ($15.7K = 3.7K = $12.0K) and
other equipment when necessary. Since the SVR shares the
ARVIS computer, from the cost of the SVR ($103. 1K) must be
deducted the cost of the minicomputer ($19.5K), 1/O interface
($5.7K) and display ($5K) for a cost of $72.9K.

Cost information on the ARVIS (MOD Ill) comes from
Table 30; on the towers and transmissometers from Table 23.
Cost information on the SVR comes from Tables 33 and 35.
Engineering, construction and electronic installation costs

for the ARVIS (MOD 1l1) come from Table 27.

In this option it is assumed that the existing RVR systems are
upgraded by using ARVIS Modification Kits in the transmissometers
and using the centralized computer capability of the ARVIS

(MOD [11) which is installed to fulfill the requirement of extra
RVR systems. As in Option 4, to the cost of the ARVIS (MOD IlI)
must be added the cost of the towers and transmissometers (with-
out electronics) and other equipment when necessary; from the
cost of the SVR must be deducted the cost of the minicomputer,

1/O interface and display.

Cost information is the same os for Opfion 4. The ARVIS
Modification Kits are comprised of a receiver ($3.0K), a power

supply ($1.5K) and a slave control ($3.0K), as shown in Table 30.
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Options 1 through 5, detailed previously, are summarized for the airports
described in Subsection 5.4. This information is shown in Tables 36 through 41.

Each table consists of two parts:

(o) shows the deployment costs of each option; and

(b) details the computations used to arrive at the costs presented in (a).

The basis for computations in (b) are as previously noted in Subsection 11.3.

11.3 DEPLOYMENT COST EVALUATION

The five options discussed in Subsection 11.3 represent the major deployment
alternatives to be considered in the FY76-FY85 period. But what are the criteria to
choose between the options? So far in this report we developed only the elements of

cost. No other criteria have been developed to assess the options.

The difference between the least expensive alternative, Option 1, which
allows only compliance with FAA regulations in the FY76-FY85 period and Options 2 or
3 which address maintenance and operational considerations lies enly on the needs
created by the RVR equipment already deployed. The selection of one option over the
other has fo be judged on the needs of the specific airport considered. For airports
serving large air traffic hubs, on the basis of the five airports analyzed, the mean total
deployment cost of Option 2 is only 7 percent higher than the total deployment cost of

Option 1, and the Option 3 is 50 percent higher than Option 1.

The comparison of the ARVIS (111} deployment cost and the deployment cost of
RVR systems available as commercial products is indicated by the ratios of Options 4 and
5 to Options 2 and 3 respectively. The first ratio indicates that the total deployment
cost of the ARVIS (I11), Option 4, is the same as Option 1; Option 5 is 6 percent higher

than the cost of Option 2 and 26 percent less than Option 3. Only one airport which
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TABLE 36(a). SUGGESTED DEPLOYMENT OPTIONS TO SATISFY FY76-FY85

VISIBILITY MEASURING EQUIPMEN

T NEEDS FOR WILLIAM B,

HARTSFIELD ATLANTA INTERNATIONAL AIRPORT,
Price (3K)
Item Explanaticn :
Option 1 | Option 2 | Option 3 | Option 4 Option 5
Washington Office Cost:
RVR System '
Tasker 500 36.1 36.1 148.9 - -
SVR 103.1 103.1 103.1 72,9 72.9
Tasker Mod Kits - 18.5 - - -
ARVIS (Med HI)* - - - 66.4 -
ARVIS (Mod 11)** - - - - 66.4
ARVIS Mod Kits - - - - 37.5
Provisioning, 10% 13.9 15.8 25,2 13.9 17.7
Factory Inspection, 3% 4.2 4,7 7.6 4,2 5.3
Freight Cost, 3% 4.2 4.7 7.6 4,2 5.3
Subtotal Washington
Office Cost 161.5 182.9 292.4 161.6 205.1
Regional Cost:
Engineering 11.9 12.1 15.4 11.9 12.1
Construction 50.6 50.6 50.6 50,6 50,6
Electronic Installation 7.4 9.4 22,9 7.4 10.6
Subtotal Regional Cost 69.9 72.1 88.9 69.9 73.3
TOTAL 231.4 255.0 - 381.3 231.5 278.4

*Includes one additional RVR to the existing five RVR systems,

**Includes one additional RVR to the e

all IRA computers,

xisting five RVR systems and elimination of
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TABLE 36(b). COMPUTATIONS RELATING TO DEPLOYMENT OPTIONS AT
WILLIAM B. HARTSFIELD ATLANTA INTERNATIONAL AIRPORT.

Electronic
RVR System Engineering  Construction Installation
Option 1:
1 Tasker 500 $ 36.1K $ 3.5K $ 15.3K $ 3.IK
1 SVR 103.1K 8.4K 35.3K 4.3K
Totals $ 139.2K 11.9K 50.6K 7.4K
Option 2:
Option 1 Totals $139.2K $ 11.9 $ 50.6K $ 7.4K
5 Tasker Mod Kits 18.5K 1.0K - 2.0K
Totals 157.7K 12.9K 50.6K 9.4K
Option 3:
6 Tasker 500* $ 164,2K
5 Towers -16.0K
1 Ambient Light
Sensor -1.5K
2 Runway Light
Setting Units +2,2K
Tasker 500
Subtotal 148.9K $7.0K $15.3K $ 18.6K
SVR 103. 1K 8.4K 35.3K 4.3K
Totals 252.0K 15.4K 50.6K 22.9K
Option 4:
1 ARVIS (MOD I111) $ 51.2K
1 Tower +3.2K
1 Transmissometer +12,0K
ARVIS Subtotal "86.4K $ 3.5€ $15.3K $ 3.1K
SVR 72.9K 8.4K 35.3K 4,3K
Totals T39.3R TT.9R 50.6K 7.4K
Option 5:
Option 4 Totals $139.3K $ 11.9K $ 50.6K $ 7.4K
5 ARVIS Mod Kits 37.5K 0.2K - 3.2K
176.8K 12.1K 50.6K 10.6K
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~ TABLE 37(a). SUGGESTED DEPLOYMENT
VISIBILITY MEASURING EQ

EDWARD L. LOGAN INTERNATIONAL AIRPORT.

OPTIONS TO SATISFY FY76~FY85
UIPMENT NEEDS FOR GENERAL

Price (3K)
Item Explanaticn
Option 1 | Option 2 | Option 3 Option 4 | Option 5
Washington Office Cost:
RVR System
Tasker 500" 37.6 37.5 130.1 - -
SVR 103.1 103.1 103.1 72.9 72.9
Tasker Mod Kits - 1.1 - - -
ARVIS (Mod 111)* - - - 69.4 -
ARVIS (Mod I11)** - - - - 69.4
ARVIS Mod Kits - = - - 22,5
Provisioning, 10% 14.1 15.2 23.3 14,2 16.5
Factory Inspection, 3% 4.2 4.6 7.0 4.3 4.9
Freight Cost, 3% 4.2 4.6 7.0 4,3 4,9
Subtotal Washington
Office Cost 163,2 176.1 270.5 165.1 191.1
Regional Cost:
Engineering 11.9 12.5 22.4 11.9 12.5
Construction 50.6 50.6 50.6 50.6 50,6
Electronic Installation 7.4 8.6 16.7 7.4 9.8
Subtotal Regional Cost 69.9 7.7 89.7 69,9 72.9
TOTAL 233.1 247 .8 360.2 235,0 264.0

*Includes one additional RVR to the existing RVR systems and one RVV system,
**Includes one additional RVR fo the existing RVR systems and elimination of all IRA

4comp uters.
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TABLE 37(b). COMPUTATIONS RELATING TO DEPLOYMENT OPTIONS AT
GENERAL EDWARD L. LOGAN INTERNATIONAL AIRPORT.

Electronic
RVR System Engineering Construction Installation
Option 1:
2 Tasker 500 $ 59.1K
Transmissometer -15.7K
Tower =-3.2K
1 Ambient Light Sensor -1.5K
Runway Light Setting Unit -1.1K
Tasker 500 Subtotal . $ 3.5K $ 15.3K $ 3.1K
SVR 103.1K 8.4K 35.3K 4,3K
Totals 140.7K 11.9K 50.6K 7.4K
Option 2:
Option 1 Totals 140.7K $ 11.9K $ 50.6K $ 7.4K
3 Tasker Mod Kits 11.1K 0.6K - 1.2K
Totals 151.8K 12.5K 50.6K 8.6K
Option 3:
3 Tasker 500 $ 82.1K
2 Tasker 500 59.1K
3 Towers -9.6K
1 Ambient Light Sensor -1.5K
Tasker 500 Subtotal 130 TK $ 14.0K* $ 15.3K $ 12.4K*
SVR 103, 1K 8.4K 35.3K 4,3K
Totals 233.2K 22.4K 50.6K 16.7K
Option 4:
1 ARVIS (MOD Iil) $ 51.2K
Tower 3.2K
Transmissometer 12.0K
Slave Control 3.0K
ARVIS Subtotal § 69.4K $ 3.5K $ 15.3K $ 3.1K
SVR 72.9K 8.4K 35.3K 4.3K
. 11.9K 50.6K 7.4K
Option 5:
Option 4 Totals 142,3K $ 11.9K $ 50.6K $ 7.4K
3 ARVIS Mod Kits 22,.5K 0.6K - 2.4K**
164.8K 12.5K 50.6K 9.8K
* Includes 4 Tasker 500 .
** 41 6K + $0.4K x 2 = $2.4K.
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TABLE 38(a). SUGGESTED DEPLOYMENT OPTIONS TO SATISFY FY76-FY85
VISIBILITY MEASURING EQUIPMENT NEEDS FOR O'HARE
INTERNATIONAL AIRPORT.

Price ($K)
ltem Explanation
Option 1 | Option 2 | Option 3 Option 4 | Option 5
Washington Office Cost;
RVR System
Tasker 500 119.3 119.3 227 .3 - -
SVR 103.1 103.1 103.1 72,9 72,9
Tosker Mod Kits - 18.5 - - -
ARVIS (Mod 111)* - - - 140.3 -
ARVIS (Mod [11)** - - - - 140.3
ARVIS Mod Kits - - - - 37.5
Provisioning, 10% 22,2 241 33.0 21.3 25.1
Factory Inspection, 3% 6.7 7.2 9.9 6.4 7.5
Freight Cost, 3% 6.7 7.2 2.9 6.4 7.5
Subtotal Washington
Office Cost 258.0 279.4 383.2 247.3 290.8
Regional Cost:
Engineering 22.4 23.4 39.9 22.4 23.4
Construction 96.5 96.5 96.5 96.5 96.5
Electronic Installation 16.7 18.7 32.2 16.7 27.9
Subtotal Regional Cost 135.6 138.6 168.6 135.6 147.8
TOTAL 393.6 418.0 551.8 382.9 438.6

*Includes four additional RVR to the existin

g four RVR systems and one RVV system,

**Includes four additional RVR to the existing four RVR systems and elimination of

all IRA computers.
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TABLE 38(b). COMPUTATIONS RELATING TO DEPLOYMENT OPTIONS AT
O'HARE INTERNATIONAL AIRPORT.

Electronic
RVR System Engineering  Construction Installation

Option 1:

3 Tasker 500 $ 82.1K
2 Tasker 500 59.1K
1 Tower ~-3.2K
2 Ambient Light Sensors -3.0K
1 Transmissometers -15.7K
Tasker 500 -

Subtotal* $ 119.3K $ 14.0K $ 61.2K $ 12.4
SVR 103.1K 8.4K 35.3K 4,3K
Totals 222.4K 22.4K 96.5K 16.7K
Option 2:

Option 1 Total $ 222.4K $ 22.4K $ 96.5K $ 16.7K
5 Tasker Mod Kits 18.5K 1.0K - 2.0K
Totals 240,9K 23.4K 96.5K 18.7K
Option 3: +

9 Tasker 500 $ 246.3K

5 Towers -16.0K

2 Ambient Light Sensor -3.0K

Tasker 500

Subtotal ** $ 227.3K $ 31.5K $ 61.2K $ 27.9K

SVR 103.1K 8.4K © 35.3K 4,.3K
330.4K 39.9K 96.5K 32.2K

Option 4:

3 ARVIS (MOD I1l) $ 66.2K

4 Towers 12.8K

4 Transmissometers 48.0K

1 Receiver 3.0K

1 Power Supply 1.5K

1 Share Control 3.8K

1 Master Control 2.0K

1 Photometric Display 3.0K

ARVIS Subtotal 140.3K $ 14.0K $ 61.2K $ 12.4K

SWR 72.9K 8.4K 35.3K 12.3K

Total 213.2K 22.4K 96.5K 24.7K

Option 5:

Option 4 Total $ 213.2K $ 22.4K $ 96.5K $ 24,7k

5 ARVIS Mod Kits 37.5K 1.0K - 32K ***
250.7K 23.4K 96.5K 27.9K

* Engineering, Construction, and Electronic Installation based on 4 units.
** Engineering, Construction, and Electronic Installation based on 9 units.
*% $1.6K+30.4K x 4 = $3.2K .
T Tasker 500s come in sets of 3 units at $82. 1K per set,
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TABLE 39(a). SUGGESTED DEPLOYMENT OPTIONS TO SATISFY FY76-FY85
VISIBILITY MEASURING EQUIPMENT NEEDS FOR LOS ANGELES
INTERNATIONAL AIRPORT. -

Price ($K)
Item Explanation
Option 1 | Option 2 | Option 3 | Option 4 | Option 5
Washington Office Cost:
RVR System
Tasker 500 56.5 56.5 152.1 - -
SVR 103.1 103.1 103.1 72,9 72,9
Tasker Mod Kits - 14.8 - - -
ARVIS (Med 111)* - - - 89.1 -
ARVIS (Mod [11)** - - - - 89.1
ARVIS Mod Kits - - - - 30.0
Provisioning, 10% 16.0 17.4 25,5 16.2 19.2
Factory Inspection, 3% 4.8 5.2 4.6 4.9 5.8
Freight Cost, 3% 4.8 3.2 4.6 4.9 5.8
Subtotal Washingt
ouffi:e Cos:s noen 185.2 202.2 289.9 188.0 222.8
Regional Cost: _
Engineering 15.4 16.2 29.4 15.4 16.2
Construction 65.9 65,9 65.9 65.9 65,9
Electronic Installation 10.5 12.1 22.9 10.5 13.3
1 Subtotal Regionql Cost 9.8 94,2 118.2 91.8 95.4
TOTAL 277.0 | 296.4 | 4081 | 279.8 | 8.2

*Includes two additional RVR to the existing four RVR systems.

**Includes two additional RVR to the existing four and elimination of all SSR
model FAA 7871 computers.
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TABLE 39(b). EO

MPUTATIONS RELATING TO DEPLOYMENT OPTIONS AT

OS ANGELES INTERNATIONAL AIRPORT.

‘ Electronic
RVR System  Engineering Construction Installation
Option 1:
2 Tasker 500 $ 59.1K
1 Ambient Light Sensor -1.5K
1 Light Setting Unit -1.1K
Tasker 500
Subtotal 56.5K $ 7.0K $ 30.6K $ 6.2K
SVR 103.1K 8.4K 35.3K 4,3K
Totals 159.6K 15.4K 65.9K 10.5K
Option 2:
Option 1 Totals $159.6K $ 15.4K $ 65.9 $ 10.5K
4 Tasker Mod Kits 14.8K 0.8K - 1.6K
174.4K 16.2K 65.9K 121K
Option 3:
6 Tasker 500* $164.2K
4 Towers -12.8K
1 Ambient Light Sensor -1.5K
2 Runway Light Setting
Units +2.2K
Tasker 500 Subtotal 152.1K $ 21.0K $ 30.6K $ 18.6K
103.1K 8.4K 35.3K 4,.3K
Totals 255.2K 29.4K 65,9K 22.9K
Option 4:
2 ARVIS (MOD 1) $ 58.7K
2 Towers 6.4K
2 Transmissometers 240K
ARVIS Subtotal —87.1K $ 7.0K $ 30.6K $ 6.2K
SVR 72.9K 8.0K 35.3K 4.3K
Totals 162.0K 15.4K 65.9K 10.5K
Option 5: '
Option 4 Totals 162.0K $ 15.4K $ 65.9 $ 10.5K
4 ARVIS Mod Kits 30.0K 0.8K -- 2.8K**
192,0K 16.2K 65.9K 13.3K

* Tasker 500s come in sets of 3 units at $82. 1K per set.

**  $1.6K +$0.4K x 3

=$2.8K.
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TABLE 40(0). SUGGESTED DEPLOYMENT OPT IONS TO SATISFY FY76~FY85
VISIBILITY MEASURING EQUIPMENT NEEDS FOR JOHN F,
KENNEDY INTERNATIONAL AIRPORT.

Price ($K)

Item Explanation
Option 1 | Option 2 | Option 3 | Option 4 Option 5
Wasﬁingfon Office Cost:
RVR System
Tasker 500 82.1 82.1 206.5 - -
SVR 103.1 103.1 103.1 72.9 72,9
Tasker Mod Kits - 18.5 - - -
ARVIS (Med I11)* - - - 111.8 -
ARVIS (Mod IH)** = - - - 111.8
ARVIS Mod Kits - - - - 37.5
Provisioning, 10% 18.5 20.4 31.0 18.5 22,2
Factory Inspection, 3% 5.6 6.1 9.3 5.6 6.7
Freight Cost, 3% 5.6 6.1 9.3 5.6 6.7
Subtotal Washingten
Office Cost 214.9 236.3 359.2 214.4 257.8
Regional Cost:
Engineering 18.9 19.9 37.4 18.9 19.9
Construction 81.2 81.2 81.2 81.2 81.2
Electronic Installation 13.6 15.6 29.1 13.6 16.8
Subtotal Regional Cost 113.7 116.7 147.7 113.7 117.9
TOTAL 328.6 353.0 506.9 328.1 375.7

*Includes three additional RVR to the existing five RVR systems.
**Includes three additional RVR to the existing five RVR systems and elimination of

all IRA computers,
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TABLE 40(b). COMPUTATIONS RELATING TO DEPLOYMENT OPTIONS AT
JOHN F. KENNEDY INTERNATIONAL AIRPORT,

Electronic
RVR System Engineering Construction Installation

Option 1:
3 Tasker 500 $ 82.1K $ 10.5K $ 45.9K $ 9.3K
SVR 103. 1K 8.4K 35.3K 4.3K
Totals 185.2K 18.9K 81.2K 13.6K
Option 2:
Option 1 Totals $185.2K $ 18.9K $ 81.2K $ 13.6K
5 Mod Kits 18.5K 1.0K - 2.0K

203.7K 19.9K 81.2K 15.6K
Option 3:
6 Tasker 500* 164.2K
2 Tasker 500 59.1K
5 Towers -16.0K
2 Ambient Light Sensors -3.0K
2 Runway Light Setting

Units +2.2K
Tasker 500 $ 1.0K**

Subtotal 206.5K $ 28.0K $ 45.9K $ 24.8K
SVR 103. 1K 8.4K 35.3K 4,3K
Totals ~309. 6K 37.4K 81.2K T 29.7K
Option 4:

3 ARVIS (MOD 1) $ 66.2K

3 Towers 2.6K

3 Transmissometers 36.0K

ARVIS Subtotal 111.8K $ 10.5K $ 45.9K $ 9.3K

SVR 72.9K 8.4K 35.3K 4,3K

Totals 184.7K 18.9K 81.2K 13.6K

Option 5:

Option 4 Total $184.7K $ 18.9K $ 81.2K $ 13.6K

5 ARVIS Mod Kits 37.5K 1.0K - 3.2K™**
222.2K 19.9K 81.2K 16.8K

* Tasker 500s come in sets of 3 units each, af $82.1K per set.

**  Cost of 5 Mod Kits at $0.2K each.
*ex &1 6K + $0.4K x 4 =

3.2K.
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TABLE 41(a). SUGGESTED DEPLOYMENT OPTIONS TO SATISFY FY76~-FY85

VISIBILITY MEASURING EQ
INTERNATIONAL AIRPORT.

UIPMENT NEEDS FOR SAN ANTONIO

Price ($K)
Item Explanation
Option 1 | Option 2 | Option 3 Option 4 | Option 5
Wasﬁingfcn Office Cost:
RVR System
Tasker 500 57.6 57.6 133.4 - -
SVR 103.1 103.1 103.1 72,9 72,9
Tasker Mod Kits - 11.1 - - -
ARVIS (Mod 111)* - - - 89.1 -
ARVIS (Mod [l1)** - - - - 89.1
ARVIS Mod Kits - - - - 22,5
Provisioning, 10% 16.1 17.2 23.7 16.2 18.5
Factory Inspection, 3% 4.8 5.2 74 4,9 5.6
Freight Cost, 3% . 4.8 5.2 7.1 4,9 5.6
Subtotal Washington
Office Cost 186.4 199.4 274 .4 188.0 214.2
Regional Cost: A
Engineering 15.4 16.0 25,9 15.4 16.0
Construction 65.9 65,9 65.9 65,9 65,9
Electronic Installation 10.5 11.7 19.8 10.5 13.3
Subtotal Regional Cost 91.8 93.6 111.6 91.8 95.2
TOTAL 278.2 293.0 386.0 279.8 309.4

*Includes two additional RVR to th
**Includes two additienal RVR to th

all IRA computers.
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TABLE 41(b). COMPUTATIONS RELATING TO DEPLOYMENT OPTIONS AT
SAN ANTONIO INTERNATIONAL AIRPORT.

_ Electronic
RVR System  Engineering Construction Installation
Option 1:
2 Tasker 500 $ 59.1K
1 Ambient Light Sensor -1.5K
Tasker 500 Subtotal 57.6K $ 7.0K $ 30.6K $ 6.2K
SVR 103. 1K 8.4K 35.3K 4.3K
Totals 160.7K 15.4K 65.9K 10, 5K
Option 2:
Option 1 Totals $160.7K $ 15.4K $ 65.9K $ 10,5K
3 Mod Kits 11.1K 0.6K - 1.2K
171.8K 16.0K 65.9K 11.7K
Option 3:
3 Tasker 500 $ 82.1K
2 Tasker 500 59.1K
1 Ambient Light Sensor -1.5K
3 Towers -9.6K
3 Runway Lighting Units +3.3K
Tasker 500 Subtotal 133.4K $ 17.5K $ 30.6K $ 15.5K
SVR 103. 1K 8.4K 35.3K 4.3K
Totals 236.5K 25.9K 65.9K 19.8K
Option 4:
2 ARVIS (MOD 1II) $ 58.7K
2 Towers 6.4K
2 Transmissometers 240K
ARVIS Subtotal 89.1K $ 7.0K 30.6K 6.2K
SVR 72.,9K 8.4K 35,3K 4.3K
Totals 162.0K 15.4K 65,9K 10.5K
Option 5:
Option 4 Totals $162.0K $15.4K $ 65.9K $ 10.5K
3 ARVIS Mod Kits 22,5K 0.6K - 2,8K
184, 5K 16.0K 65,9K 13.3K
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serves a medium air traffic hub, San Antonio International, is analyzed in this report.
Options 2 and 3 are higher than Option 1| by 5 percent and 39 percent, respectively
Option 4 is 1. percent higher than Option 1; Option 5 is 6 percent higher than Option 2

and 20 percent lower than Option 3.

The results of the deployment cost evaluation are summarized in Table 42.

TABLE 42. COST RATIOS BETWEEN SUGGESTED DEPLOYMENT OPTIONS

LOE%%T'SFY FY76~FY85 VISIBILITY MEASURING EQUIPMENT

. Option 2| Option 3 | Option 4 Option 5 [ Option 5
Alrport Option 1| Option 1 | Option 1 Option 2 | Option 3

A B | A B AlB A | B AlB

William B. Hartsfield
Atlanta International | 1.13]1.10{ 1.8 1.6511.00{1.00{1.12/1.09(0.70 0.73

Gen. Edward L.
Logan International | 1.08{1.06(1.66]1.55 1.01(1.01 {1.09{1.07]0.71] 0.73

O'Hare International | 1.08] 1.06( 1.49 1.4040.96{0.97|1.04|1.05 0.7610.79

Los Angeles :
International 1.0911.07]1.56{1.47 1.01{1.01 {1.101.07 |0.77 0.78

John F. Kennedy ‘
International 1.1011.07{1.67

1.060/1.09{1.06|0.72| 0.74

Mean Ratios -
Large Air Traffic

Hubs 11.10]1.07)1.64 ’1.00 1.09]1.0710.73]| 0.75
San Antonio
International - 1.07]1.05|1.47 1.01}1.07{1.06|0.78| 0.80

A - Subt otal Washington Office Cost V
B - Total Deployment Cost

11 -18

K3



‘|

1.4 ECONOMIC ANALYSIS

Emphasis is placed on the fact that this report addresses itself to a deployment
cost analysis and not to an economic analysis of airport visibility measuring systems. A
generic definition of economic analysis is (Reference 54): “"An economic analysis
postulates alternative means of satisfying an objective and investigates the costs and
benefits of each of these alternatives.” The economic analysis can be achieved via
different approaches, each one directed to a specific answer and at different stages of
the decision making process. Usually the scope of the different approaches are confused
and the similarities and differences between them not fully appreciated. Therefore,
it appears appropriate to survey at this point some definitions of the main analyses
which are: System Angalysis, Cost-Effectiveness, Value Engineering, Life Cycle Costing
and Trade~off Analysis. A definition of System Analysis is (Reference 55): "Inquiry
to assist decision makers in choosing preferred future courses of action by (1) systematically
examining and re-examining the relevant objectives and the alternative policies or
strategies for achieving them; and (2) comparing quantitatively where possible the
economic costs, effectiveness (benefits), and risks of the alternatives. It is more a
research strategy than a method or technique, and in its present state of development
it is more an art than a science. In sum, systems analysis may be viewed as an
approach to, or way of looking at complex problems of choice under conditions of

uncertainty.”

Another approach to choose alternatives within an economic reference
fremework is the Cost Effectiveness analysis which could be defined as (Reference 56):
"(The) procedure by which the costs of alternative means of achieving a stated
effectiveness, or, conversely, the effectiveness of alternative means for a given cost,
are compared in a series of numerical indices. The objective of the analysis is to

isolate the alternative or combination of alternatives that either gives the greatest
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"expected effectivenss for a given expected cost or a given expected effectiveness for
the least expected cost. It is recognized that a cost-effectiveness analysis does not

and cannot mean precisely the same thing to all practitioners in the field, "

Value Engineering in the Department of Defense (DOD) context is defined
as (Reference 55): "A systematic effort directed ot analyzing the functional require-
ments of DOD systems, equipment, facilities, procedures, and supplied for the purpose
of achieving the essential functions at the lowest total cost, consistent with the needed
performance, reliability, quality, and maintainability.” This definition is also

applicable to non-DOD systems.

It is inferesting to note the similarities and differences between Cost-
Effectiveness and Value Engineering. In this regard, DOD states (Reference 55);
“Both represent a systematic analysis of alternative ways of accomplishing given
functions and of the cosfs associated with each alternative. As practiced ¢ however,
they are applied at entirely different levels. DOD cost effectiveness studies are
employed in the very early planning stage to compare the overall mission effectiveness
and associated costs of alternative concepts in broad contexts. Typically, cost
effectivenss sfudies might compare the mission effectivenss and economic impact of
(1) alternative designs for fighter aircraft for a particular type of air support missions,
or (2) missiles versus aircraft for a strategic mission, or (3) massive airlifts versus

overseas prepositioning of equipment for rapid response . "

A definition of Life Cycle Costs and its relationship to Value Engineering is
given as (Reference 57): "Life cycle costs include all costs incident to the planning,
design, construction, operation, maintenance, supply disposal and relocation of a
system or facility; calculated in terms of present value. It is a method used to compare
and evaluate the total costs of competing proposals for identical functions based on the
anticipated life of the facility or product to be acquired. This approach determines the

least costly of several alternatives. However, the selected alternative may only
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"represent the best of several poor candidates. Value Engineering may be used to
develop additional worthy alternatives to consider before selecting the best choice.
Whereas life cycle costing emphasizes cost visibility, Value Engineering seeks value
optimization. The two disciplines are complementary because the former is required

to achieve the latter."

A definition of Trade-offs and its relationship to Value Engineering is given
as (Reference 57): "Trade-offs by definition and usage involve interrelated changes.
Thus; reliability, quality, or maintainability is reduced to bring cost down; floor
loading or lighting levels are increased, so cost goes up; delivery is expedited and
cost goes up; etc. By contrast, Value Engineering makes necessary function or
performance a constant rather than a variable. In Value Engineering, necessary
function may not be reduced as a means of reducing cost. To say that Value Engineering
involves trade-offs, then, is to deny the basic principle of Value Engineering - providing

necessary function at lowest overall cost.

“Whereas essential performance is never traded off for lower cost in Value
Engineering, the way of accomplishing this performance may be altered to reduce
cost. That is, the necessary performance of components of certain products-systems
may be derived from the performance of other components in the system. In this
restricted sense, Value Engineering may be thought to involve exchanges to allow for
use of standordized parts in the system, or to reduce the cost of integrating components
into the system. But the necessary performance of the product/system itself is not

changed . "

As pointed out in this subsection, a deployment recommendation for a given
visibility measuring system cannot be made on the basis of deployment cost alone. The
present report developed in detail the "elements of cost” for RVR and SVR systems and

suggested only the elements of benefit. The benefit determination provided by an
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ARVIS (MOD 111) system deployed at an airport which requires an accident investigation,
was not quantified but only suggested. The benefit determination provided by the system
to provide visibility and operational data of the runway served by the system has been
suggested but not quantified. The same statement is applicable to future interaction

with TIPS, the flexibility of changing system characteristics by software changes only, etc.

It clearly appears that a Value Engineering analysis will be required to
develop a full set of elements of judgment for the future deployment of RVR and SVR

systems once the elements of benefit become definable.
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12, SUMMARY AND CONCLUSIONS

Based on the cbjectives set forth in Section 2, this section presents a summary

of the airport visibility measuring systems elements of deployment cost analysis and the

conclusions of this analysis.

12.1

SUMMARY

Present and proposed FAA operational visibility information was
identified and described.

The FAA RVR and SVR system deployment criteria were identified
and described.

The RVR and SVR deployment schedules were developed for the
FY76=FY85 period based on FAA documentation and information
sources.

Visibility measuring equipment were identified for each runway

operation (CAT I, Il and Ill).

Eight selected airports were analyzed for their existing visibility

measuring equipment, future plans and requirements.

Commercially available RVR measuring equipment relevant to

airport operations were identified, performance characteristics
described, and equipment purchase costs given.,

Installation, maintenance, training and provisioning costs were given
for commercially available RVR systems. The costs were expressed in
terms of Washington Office Costs and Regional Office Costs.

The SVR system developed by NWSC was analyzed, performance

characteristics described, and estimated equipment purchase costs given.
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12.2

i« Installation, maintenance, training and provisioning costs were given for
the NWSC SVR system. The costs were given for different alternatives
and expressed in terms of Washington Office Costs and Regional Office
Costs. _

I+ The modification kits for present FAA/NVBS RVR systems developed at
TSC and the ARVIS were discussed. The estimated Washington Office
Costs and Regional Office Costs were given.

k. Installation, maintenance, fraining and provisioning costs were given for
the modification kits and the ARVIS.

I. Comparison of deployment costs of commercial RVR systems and the
ARVIS system were given for the different options which reflect the
needs of different airports.

m. The type of visibility information supplied by the ARVIS and its ex-

pandable capabilities in comparison with commercially available RVR

systems were described and analyzed.

CONCLUSIONS

a. Based on FAA documentation and information sources, an estimated de-
ployment of 404 RVR systems, including replacement and new deploy~-
ments are expected during the FY76-FY85 period.

b. An estimated deployment of 72 SVR systems is expected during the
FY76-FY85 period.

c. Five major deployment alternatives were identified as options
to meet the FAA requirements during the FY76-FY85 period. The choice
between options depends upon maintenance needs created by the RVR

equipment already deployed, the needs of the specific airport considered,
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the requirements the National Transportation Safety Board (NTSB) may
introduce, therequirements to prepare runway climatological summaries
using automatic data processing, etc.

Strictly on a mean cost deployment basis to satisfy the needs of airports
serving large air traffic hubs during the FY76~FY85 period, the ARVIS I
is 25 percent lower than installations using all new RVR equipment
commercially available. The ARVIS 11| is 7 percent more expensive than
installations for similar airports which will use only additional RVR
equipment commercially available and modification kits for the existing
FAA/NBS RVR equipment. The same deployment cost comparison would
exist with installations using RVR commercially available equipment to
satisfy the minimum needs for the same airports and period.

The ARVIS 111, as a software oriented system, can change performance
characteristics (RVR frequency update, smoothing functions, RVR
history, RVR differences, etc.) without changing hardware.

The ARVIS 111 has self-checking transmissometers, extended life projector
light, failure mode monitoring, capabilities to give visibility values for
different visual cues, etc,

The ARVIS 111 has a redundant computer. In case of computer failure,

a standby computer automatically enters into service.

The ARVIS Il can feed the TIPS without any major hardware change.

The ARVIS 1lI has an incremental magnetic tape recorder which records,
as often as required (5 seconds minimum) all the airport photometric
parameters (High Intensity Runway Light setting, Approach Light setting,
Flashing lights, Sky Luminance, etc.), atmospheric fransmittance,

system internal calibration, system failures, system failures acknowledged
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- by the operator, time at which the failure has been repaired, etc.
These comprise all the elements required to reconstruct the visibility
conditions at the airport and the ARVIS readiness. This is of paramount
importance in accident investigations or to obtain runway visibility

statistics and/or runway operations characteristics.

’
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