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MANAGEMENT SUMMARY 

Under contract by the FAA Weather and Flight Service Station 
Branch, an experimental program was conducted to evaluate techniques 
of determining approach zone visibility. The results were used in 
evaluating and refining a system concept which would predict the SVR 

~	 at the lOO-foot decision height and ALCH. 

The data used to evaluate proposed concepts were collected at the 

National Aviation Facilities Experimental Center (NAFEC). Measurements 

required two l60-foot towers with horizontal transmissometers mounted 
at six levels, and one measuring the slant path between the base of one 
tower and the top of the other. Luminance meters were mounted on one 
tower at four levels. In addition, a 100-foot tower was remotely located 
1,500 feet from both towers to provide data from a forward scatter meter, 
located at the top and a transmissometer at the 5-foot level. These 
data measurements served as "baseline 'l information defining atmospheric 
conditions to evaluate proposed system concepts. 

The results of the field program indicate that meaningful predictions 
of glide path visibility cannot be obtained with presently configured 
RVR transmissometers. The vertical variation of the atmosphere must be 
sampled. In every situation observed during the field program, vertical 
sampling provided an accurate measure of slant visual range, as deter
mined by comparison with baseline data. At onset and dissipation of 
advective fogs, the data is subject to error due to the position of the 

,	 remote tower; however, even during these times, the vertical sampling 
system provided a better estimate of SVR than did a horizontal trans
missometer at the l5-foot leve"l. For visibility reduction which occurs 
during the day, the determination of adaptation level, using luminance 
meters, significantly improves the visibility prediction. 

The system proposed to yield this vertical sampling would make use 
of fully developed operational instruments and a small special purpose 

ix 



computer for handling the data processing. The fie'ld structure would 
consist of two forward scatter visibility meters and two luminance 
meters, mounted on a lOa-foot tower, offset 1,300 feet perpendicular 
to the runway centerline at the tenth approach light bar (1,000 feet 
from threshold). The inherent flexibility of this system will allow 
changes to algorithms used in signal processing when new and better 
data are available. It would be easy to incorporate into the system 
any additi.onal sensors for special situations or improvements in instru
mentation such as new ceilometers. 

An engineering model of the proposed system was demonstrated at 
NAFEC on 23 August 1973. 

Future plans include flight tests to evaluate a development system 
at NAFEC during the 1973-1974 fog season. 
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1. INTRODUCTION 

This report describes the results of work performed by the 
Research and Development Department. Naval Ammunition Depot. Crane. 
Indiana. in the second phase of a multi-phase program to develop 
and implement a slant visual range/approach light contact height 
measurement system. This system. utilizing state-of-the-art hard
ware and technology. is intended primarily to be used at airports 
with Category II or lower landing minima. Measurements will be made 
which. after processing. will provide the pilot an assessment of the 

approach zone visibility. 

The current phase of this program had several objectives. The 
predominant portion was the design and implementation of a test program 
to be conducted at NAFEC, Atlantic City, New Jersey. This program 
was to evaluate the ability of proposed systems to determlne slant 
path transmittance. A major feature of the test facility was a pair 
of towers with transmissometers mounted at various levels. Data 
recorded by these instruments established the vertical variation of 
visibility in the atmosphere. Thus determinations of slant transmittance 
by proposed systems could be compared with that determined from the 
tower facility. 

Incorporated in any of the proposed systems are algorithms for 
calculation of slant visual range (SVR) and approach light contact 
height (ALCH). The development of these algorithms was one of the objectives 
of this effort. The working definition of ALCH used is the height on 
the glide path at which a pilot will see and should continue to see 

a minimum of five light bars of approach lights at lOa-foot spacings, 
if extended to touchdown. assuming a standard cockpit cut-off angle 
of 15 degrees. The working definition of SVR is the slant distance 
to the farthest high intensity runway edge light or approach light 
which a pilot will see at an altitude of 100 feet on the approach path 
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or, if larger, the slant distance which would have a transmittance of 
5.5 percent. 

A data processing system was also an objective of the effort. 
The system included a minicomputer, interface equipment and a display 
panel. The interface electronics and the digital display panel were 
designed and built during this phase of the project. At the completion 
of the NAFEC tests, the data processing system was demonstrated at 
NAFEC using input data recorded during the tests. 
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2. EXPERIMENTAL FACILITY 

Physical Description 

A test facility for evaluating SVR/ALCH candidate systems and for 
measuring true atmospheric conditions in fogs, including vertical varia
tion, was established at the National Aviation Facilities Experimental 
Center (NAFEC) in the fall of 1972. The facility consisted of a two
tower site used to record baseline fog data, and a remote site with a 
single tower used for system evaluation. The baseline site had two 
160 foot towers separated by 250 feet. One of the towers, henceforth 
to be called the "met" tower, was triangular with each face 40 feet 
across and very sturdily constructed (Hochreiter, 1968). The rigidity 
was necessary to provide a stable platform for the NBS transmissometer 
receivers. The second tower, rectangular base four feet by six feet, 
was a lightweight upright scaffolding tower of much lighter construction 
than the met tower. It was felt that this would provide a platform stable 
enough for mounting the transmissometer projectors. 

NBS transmissometers were mounted at six levels sampling the trans
mission over horizontal paths at 5,15,51,87,123 and 154.5 feet above 
the surface. A seventh transmissometer measured the slant path from the 
top of one tower to the bottom of the other. A series of meters were 
installed to measure luminance and illuminance at various altitudes. 
Luminance was measured at 15, 50, 100 and 150 feet. Illuminance was 
measured at five feet and 150 feet. A rotating beam ceilometer was 
located with the projector mounted at the base of the met tower. 
Figure 2-1 shows the location of the test facility on a map of NAFEC. 
Figures 2-2 and 2-3 show schematically the two-tower test facility. 
Figure 2-4 is a photograph of the met tower. 

The baseline data tower complex was established to give an accurate 
record of the visibility in fogs and their vertical variation. With 
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this description of the fog, it was possible to assess the performctnce 
of various candidate systems used to predict slant visual range. 

Baseline Data Instrumentation 

The NBS transmissometers used were set with 250-foot baselines with 
the exception of the slant path unit which had a 290-foot baseline. 
A detailed description of the NBS transmissometer has been given by 

Douglas and Young (1945). The transmittance data was recorded on punch 
cards, punched paper tape and strip charts. The strip charts are those 
normally used with the transmissometers; the punched paper tape was the 
data recording facility to be used with the candidate systems and served 
as a backup for the punch card system. The punch card equipment, provided 
by NAFEC, was the primary data recording system for the NBS transmissometers. 
Both the card and paper tape data recording systems were equipped with 
automatic turn-on and turn-off features enabling unattended operation. 

The rotating beam ceilometer was configured to give an indication of 
angle when the return signal reached a prescribed level. This angle 
was recorded on the punch cards. The ceilometer was set up with a 
200-foot baseline. 

Luminance and Illuminance Meters 

The luminance and illuminance meters were fabricated at NAD 
Crane using silicon photocells. Each unit was equipped with a photoptic 
filter so that intensities measured are directly applicable to that seen 
by an observer. Figure 2-5 shows a diagram of the basic luminance 
meter. A cover glass keeps dust and moisture off the beam defining 
lens; to eliminate moisture condensation on this glass, a small heater 
assembly is mounted firmly against the edges of this glass. The 
remainder of the unit consists of an amplifier and two power supplies, 
one for the amplifier and one for the heater. The luminance meters 
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were set up with a 6° degree field of view, Gnd a linear operating 
range from approximately 50 to 1,000 foot-lamberts. The illuminance 
mete~s made use of the same sensors and electronics, but the optics 
were set up to give the maximum field of view possible, about 60°, 
consistent with the packaging geometry. 

Data Acquisition System 

Data processing and recording was accomplished using a mini
computer and paper tape punch. The computer is a Nova 1220, manu
factured by Data General Corporation; its physical dimensions are 
19 inches wide, 10 inches high and 24 inches deep. The central 
processor has four 16-bit accumulators; memory capacity is 8,000 
words with full memory cycle time of 1,200 nanoseconds. The computer 
executes arithmetic and logical instructions in 1,350 nanoseconds. 
A teletype was used to update information such as date and time, to 
change system operating modes, to enter calibration correction factors, 
to output selected portions of the data and as a backup for data 
recording. A high speed pa~er tape punch and reader is used to 
program the computer and record the output data. 

The signals from the NBS transmissometers in the form of 250 
volt pulses were applied to circuitry which made them compatible with 
the computer interface. These pulses were counted by the computer 

for one minute, and the percent transmittance calculated based on 
4,000 pulses representing 100% transmittance. All the other signals 
recorded were scaled in analog form to 0-10 volts; these signals were 
applied to the analog-to-digital converter and then processed by 
the computer. 

The system was set up with automatic turn-on and turn-off capa
bility for data recording. The computer continually scanned the 

transmissometers, and when any of the six levels of horizontal trans
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missometers read less than 85%, data recording. commenced. When the 
slant transmissometer read greater than 85% for ten consecutive minutes, 

data recording was terminated. 
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3. BASELINE FOG DATA 

The experimental facility was in operation from 12 September 1972 
to 10 June 1973. The automatic data collection system was operating 
from 26 January 1973 to the end of the recording period. Data gathered 
before the installation of the minicomputer was recorded only on the 
strip chart recorders used with the NBS transmissometers. A complete 
catalog of fog data recorded and a sample of the transmissometer 
data is shown in the appendix. 

The majority of the fogs observed had predominant characteristics 
of advection fogs, although some radiation fogs were recorded before 
the facility was complete. In this section, examples of the data 
recorded will be presented. 

Figure 3-1 shows an altitude-time-density contour plot for a fog 
recorded 26 January. The variation in the vertical was measured by 
the six levels of transmissometers, and linear interpolation was used 
between levels. The range of transmittance was then divided into 
several categories and a gray scale applied. This fog has the basic 
characteristics of a radiation fog, denser near the surface than 
aloft, and graphically illustrates the spatial and temporal variability 
of the fog. Figure 3-2 shows vertical profiles of transmittance for 
four times during the fog. This clearly illustrates the character
istic of a fairly shallow radiation fog. At 2301, the 15-foot level 
transmissometer indicated about 3%; this would give an RVR of 1,200 
feet (below Category II minima) based on light setting 4, night con
ditions. At this same time, the slant transmissometer yielded a visual 
range of 1,800 feet (corresponding to 29% transmittance). The values 
measured by the slant transmissometer were adjusted to account for the 
290-foot rather than 250-foot baseline. Light setting 4, night conditions, 
was used in calculations of visual range merely to convert percent 
transmittance to visual range. The choice was arbitrary and any light 
setting could have been selected for this purpose. 
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Figure 3-3 is an altitude-time-density contour plot with density 
divided into eight divisions. This fog illustrates characteristics 
of an advection fog, fog density increasing upward. Several profiles 
of transmittance versus height are shown for this fog in Figure 3-4. 
At 0915 hours, the 15-foot level transmissometer showed 27% trans
mission, corresponding to an RVR of 1,750 feet (high intensity light 
setting 4, night conditions). The slant transmissometer displayed 
8.5% yielding an SVR of about 1,000 feet (high intensity light 
setting 4; night conditions). 

Figures 3-5 and 3-6 show similar characteristics to those in 
Figures 3-3 and 3-4. For this advective fog occurring on 16 March 
1973, the 15-footlevel transmissometer would again yield an unrealistic 
assessment of the slant visual range. 

Figure 3-7 shows an altitude-time-density plot for a fog occurring 
31 March 1973. This fog has the characteristics of the lowering of 
a stratus deck. In the segment shown, the primary reduction to 
visibility existed above 120 feet. Above that level, transmission 
was less than 15%, but the slant transmittance measured from the 
159-foot level was varying from 70 to 80%. This type of fog lends 
itself to ceiling measurement. Data recorded from the rotating beam 
ceilometer for this time indicated a ceiling of 140 feet. Figure 3-7 
shows that this was a good estimate. However, the lowering of a stratus 
deck is transitory, and as the fog thickens below, the rotating beam 
ceilometer is unable to give meaningful results. 

Figure 3-8 shows a plot of transmittance versus time for a 
typical fog .. This fog occurred on 23 May 1973 and was predominantly 
advective in character. Data from five levels of transmissometers 
are shown. Rapid large scale fluctuations appear and can be found 
at all levels except the 5-foot level. This figure illustrates 
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typical results as they would appear on the transmissometer strip 
chart records. 

The baseline data recorded at NAFEC allows one to compare the 
performance of proposed systems for determining approach zone visi 
bility. It further permits comparison of how well measurements taken 
at various heights characterize the total slant path visual range. 
A result which emerges from the data recorded is that measurements 
made near the surface are inadequate for determining slant visual 
range. It is felt that a similar result would be found at almost 
any location, perhaps varying in degree of inadequacy; however, this 
result was obtained from measurements taken at NAFEC during a six
month period. 

In addition to the primary objective of the field test, data 
was acquired on the vertical structure of fogs. This data should 
be useful to people working on other aspects of the microphysics 

of fog. 

•
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4. TEST RESULTS OF BACKSCATTER VISUAL RANGE SYSTEM 

One system which was tested at NAFEC made use of the Videograph 
to determine the slant path transmission. The Videograph, designed 
and manufactured by Impulsphysik Gmbh, Hamburg, Germany, bases its 
operation on atmospheric backscatter. Transmitter and receiver are 

• 
housed in a single unit mounted on a pedestal. The projector light 
source ;s a xenon flash lamp with peak luminance of 3 x 106 candelas/cm2. 
The axis of the projector is inclined upward with respect to the 
receiver's axis allowing intersection to occur at a known distance 
from the housing. Figure 4-1 is a photograph of the instrument. 

Figure 4-2 illustrates schematically how the projector and 
receiver fields of view overlap. The backscatter instrument used 
at NAFEC was installed with the projecting/receiving head inclined 
five degrees above the horizontal. Although the sampled volume 
extends out approximately 75 feet, nearly 90% of the return signal 
originates in the first 20 feet of the volume (Lohkamp, et al, 1972). 
Considering the inclination and the length of the path sampled, the 
transmission determined is that at about the five-foot level. Figures 
4-3, 4-4 and 4-5 show plots of percent transmission versus time for 
the slant and five-foot level transmissometers and theVideograph. 
Our results indicate that for atmospheres with transmission greater 
than about 70% (RVR 4900, light setting 4, night conditioni) , the 
backscatter instrument does provide an estimate of transmission which 
compares well with the NBS transmissometer. Unfortunately, the range 
of the instrument tested was insufficient for many of the denser 
fogs encountered at NAFEC. 
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5. FORWARD SCATTER METER VISUAL RANGE SYSTEM CONCEPT 

At the initiation of Phase II, the proposed systems under con
sideration were those employing a tower offset from the approach 
zone. Although these systems may have some restrictive features, 
particularly in their configuration, they do offer advantages of 
simplicity in measurement technique and data interpretation and 
direct ~se of fully developed, operational instrumentation. 

Several concepts were explored and rejected. The final concept 
would measure horizontal and vertical variations of visibility 
independently, and slant path transmittance would be determined 
analytically using the separate measurements. Vertical variation 
of visibility would be detected by short baseline instrument at 
various levels on a tower. Horizontal variations would be measured 
by instruments located at the base of the tower and near the extended 
runway centerline. 

The basic assumption inherent in the system concept is that 
relative vertical variation of transmittance remains constant over 
horizontal distances of several thousand feet. The horizontal distance 
for constancy can be strongly affected by local conditions; this will 
be investigated using the test data obtained. Based on this assumption, 
vertical variation in the approach zone would be found by taking the 
measurements on the tower displaced from the runway and correcting 
them by the ratio of the readings on the ground transmissometers at 
the tower and approach zone centerline. Using a system which relies 
on this assumption will entail scrutiny of proposed sites to effect 

• 
minor modifications dictated by such features as terrain. 

The feasibility of this system and associated assumptions were 
tested at NAFEC. The height of the tower was chosen as 100 feet to 
coincide with the lOa-foot decision height. Instruments to be mounted 
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on the tower to determine transmittance must be rugged, require infrequent 
maintenance and must utilize a measurement technique insensitive to 
tower vibration and sway. Several instruments are available which 
generally satisfy these requirements. An EG&G Forward Scatter Visibil.ity 
Meter was selected because it not only satisfied the requirements but 
also had been extensively compared with the NBS transmissometer by the 
Air Force. ~ 

One approach considered installation of visibility meters at 
several levels on the tower; however, it was decided that the system 
could be tested with a meter at the top of the tower and one near the 
ground. With the instrumentation available at the met tower complex, 
assessment of the need for more levels of measurement could be made. 
The possible delivery date of a second visibility meter would have 
jeopardized the completion of the system in time for the fog season 
at NAFEC; therefore, an NBS transmissometer mounted five feet above 
the ground was used to measure visibility at the tower base. Regulations 
(Federal Aviation Regulations, Vol. XI, Part 77; Objects Affecting 
Navigable Airspace) require that a lOa-foot high obstruction must be 
offset approximately 1,300 feet from the extended runway centerline. 
At NAFEC a temporary tower was erected about 1,500 feet from the met 
tower facility. For the purposes of analysis, the met tower provided 
measurement of visibility in a region simulating an approach zone and 
the offset of the temporary tower was that required by regulation. 

Forward Scatter Meter 

Description and Operating Characterisitics 

The EG&G Model 207 Forward Scatter Meter, shown in Figure 5-1, is 
designed to determine the amount of light scattered in the forward 
direction by water droplets in the atmosphere. The FSM is a nephelometer 
type instrument which has' the advantage of small size and ease of cali
bration and installation as compared to the extinction type instrument. 

30 



FORWARD SCATTER METER
 

..
 

.. 

FIGURE 5-1
 

31
 



The forward scatter meter (FSM) utilizes a 1.7 cubic feet volume 

between a projector and receiver separated by 48 inches to measure the 
visual range (see Figure 5-2). An optical system in the projector 
assembly provides the desired beam pattern of high intensity light, 
while another optical system in the receiver assembly collects the 
desired scattered light onto a light sensitive detector. Interference 
from external light (e.g., sunlight, street lights) is prevented by 
modulation of the projected light and synchronous demodulation of the 
received light. 

The unit is a self-contained, AC line powered instrument designed 
for unattended operation at an unprotected site under all weather con
ditions. Fabricated in a single unit, the instrument consists of a 
cabinet housing the control unit, control panel and associated electronics, 
and two support arms holding the projector and receiver assemblies. 
Power input and signal output terminals are located at the rear of 
the cabinet beneath a removable access cover. 

The FSM is designed to measure the scattering of light in the 
atmosphere from a single, post-mounted instrument with a four-foot 
optical baseline. A unique conical torus sensing pattern, as shown 
in Figure 5-2, provides a reasonable sampling volume in a small instru
ment. Wavelengths from 0.4 to 1.1 microns are utilized to measure the 
forward scattered light over the angles of 20° to 50° inclusive. 
Solid state electronics with regulated power supplies and regulated 
modulated halogen incandescent source provide stable, long-term, drift 
free analog outputs over a range of scattering coefficients equivalent 
to the range of 200 to 20,000 feet visual range. The theoretical 
correlation of integrated scattering coefficient to visual range based , 
on 5% liminal contrast ratio and the corresponding output voltage of 
the FSM is shown in Figure 5-3. 
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Comparison of Forward Scatter Meter 
and NBS Transmissometer 

Extensive comparison of the FSM and the NBS transmissometer has 
been done by Air Force Cambridge Research Laboratory. Hering, Muench 
and Brown (1971) found the correlation coefficient between the FSM 
and transmissometer measurements was 0.91 with a standard error of 
estimate of 26%. They found disparities between simultaneous measure
ments were caused primarily by high frequency fluctuations in fog 
density that were detected by the small volume measurements with the 
FSM, but were smoothed out by the measurements of transmittance over 
a 500-foot baseline. The measurements were made in fairly dense 
advection fog at Cutler, Maine. Measurements made in snow gave similar 

results to those obtained in fog. 

In the early stages of the field program at NAFEC, the FSM was 
mounted at the base of the met tower. The sampled volume was at 
about the same height as the first NBS transmissometer, and data 

recorded during this period gives additional comparison of the FSM 
and the NBS transmissometer. 

The results of the comparison of the FSM and the NBS transmissometer 
are illustrated in two distinct ways. Figures 5-4 and 5-5 show the 
ratio of transmittance measured by the NBS transmissometer to trans
mittance determined by the FSM. The ratios are plotted versus time. 
For the examples shown in Figure 5-5, the ratio is nearly constant 
but shows a small bias, i.e., the FSM gives a lower value of trans
mittance than the NBS o yielding a ratio greater than one. The data 
shown in Figure 5-4 is for a period of time characterized by very 
rapid fluctuations in transmittance readings for both instruments. 

During this time, ihstantaneous readings do not show good agreement 

yielding large rapidly changing ratios. Most of the large ratios 
result from small transmittance reading, less than 5%. 
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The comparison, on percent transmittance for five separate 
incidents was run, and the percent error between instruments was 
found. This is shown in Figure 5-6; the comparison was limited to 
observations with transmittan~es less than 89%. The data represents 

572 minutes of observations; the peak error falls in the 3 to 4% 
range. Figure 5-7 is a plot of one of the above incidents showing 

percent transmittance for the FSM plotted versus·pe,cent transmission 

for the NBS instrument. Figure 5-8 shows a similar comparison to 

Figure 5~6 but for a fog not included in the above cumulative summary. 
This shows the largest difference of any of the results of the two 
instruments. Figure 5-9 shows a composite of all of the above cases. 
The results found show good agreement between the FSM and the NBS 

transmissometer. 

Candidate System Evaluation 

Various analyses were performed on the data taken at NAFEC to 
evaluate aspects of the proposed system. One analysis of horizontal 
variation was made by comparing the transmission reading of the five
foot transmissometer at the test site with the reading of the trans
missometer at the remote site, 1,500 feet away, which was also at the 
five-foot level. For two fogs, the comparison of the two instruments 
with time is shown by plotting the ratio of their readings, Figure 5-10. 
Except for a few observations in these fogs, the ratio is close to one. 
The extreme readings show less than 30% difference. Figure 5-11 

illustrates the comparison in the form of a histogram of percent error. 
Some care must be used in analyzing these results. Much of the data 
recorded was for advection type fogs with fairly high percent trans
mission near the surface. In these cases, agreement was good, although 
the more significant tests were for conditions with much more limited 
visibility near the surface. A histogram was also made for those cases 
for which percent transmission was less than 60, shown in Figure 5-12. 
Again the agreement between the instruments was quite good, although 
a larger population appeared in the higher percent errors. The good 
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agreement of these two five-foot transmissometers presented a need 
to reconsider the concept of using the ratio of their readings as, 
a correction factor to the transmittance readings at the different 

vertical levels at the remote tower. This would indicate that 
little would be lost by neglecting horizontal variation, eliminating 
the need for a transmissometer on the ground at the center line of 
the approach path. 

• 
An analysis of horizontal variation aloft was then made by comparing 

the transmittance reading of the 87-foot transmissometer at the test site 

with the transmittance reading obtained from the FSM at the remote 

site, at the 95-foot level. The altitude of the 87-foot transmissometer 
was closest to the altitude of the FSM. A histogram of the percent 
errors for this comparison is shown in Figure 5-13. There is reasonably 
good agreement between these readings, although the agreement is not 
as good as the agreement of the five-foot transmissometers. Also, 
many of these observations were for light fog conditions. Therefore, 
in Figure 5-14 a comparison is shown for those cases where the 
transmission was less than 60%. 

An attempt was made to improve the agreement of the readings aloft 
by multiplying the tranmission reading obtained from the FSM by the ratio 
of the readings of the ground transmissometers. No improvement could 
be shown. Therefore, this was eliminated from the candidate system. 

An analysis was made for the test data accumulated at NAFEC to 
estimate improvement to be gained by measuring transmission at more 
levels than two. The permissab1e tower height, without penetrating 
restricted zones defined in Federal Aviation Regulations, Part 77, 
is linearly related to the lateral offset from the approach zone 
centerline for heights to 150 feet. Since the objective is obtaining 

estimates of transmittance along the glide slope, a balance is sou~ht 

between tower height and lateral displacement. The tower height decided 
on was 100 feet; therefore, consideration was given only to adding 
measuring instruments between the five- and lOa-foot levels. 
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A study was made to determine how much improvement in perfor)1lance 
of the minimum candidate system could be expected if an FSM were 
mounted at the 50-foot level on the tower. This would provide a 
measurement at 5, 50 and 100 feet above the surface. Since this 
kind of information was not taken at the remote tower, the comparison 
was made by using the results from the met tower transmissometers 

•	 located at 5, 50 and 123 feet. Estimated RVR values were calculated 

using the transmittance data from all three transmissometers and from 

only the five-foot and the 123-foot transmissometers. An error was 
determined by comparing the two and three-point estimates with an RVR 
value calculated from the reading of the slant transmissometer. Figure 
5-15 shows these results in bargraph form with the number of observa
tions versus the error in RVR for each system. The three-point system 
shifts the population from larger to smaller error; however, the amount 
of improvement, never more than 10%, was felt to be on the borderline 
in justifying the additional complexity of the system. Caution must 
be exercised when extrapolating these results to other airports. Local 
effects frequently dominate the fog characteristics; however, it was 
decided that the two-point measurement system would be used for the 
further tests at NAFEC. 
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6. EVALUATION OF METHODS OF DETERMINING SLANT TRANSMITTANCE 

One of the major objectives of the experiment at NAFEC was the 
collection of data which would allow a comparison of predictions of 
the present RVR system, the proposed system and the actual state of 

the atmosphere. For these comparisons, results from the transmissometers 
have been converted to RVR using Allard's law with light setting four 
and two mile-candle threshold illuminance. In all cases, illustrated 
visual range is rounded to the nearest 100 feet. The slant 
transmissometer provides a measure of the slant visual range from 

ground to 160 feet altitude and is the best description of the con
ditions which exist in the atmosphere. The comparisons examine how 
closely the present RVR system and the candidate system could predict 
the slant visual range at the met tower site. The candidate system 

consists of a transmissometer five feet above the surface and the FSM 
95 feet above the surface. This system was located 1,500 feet from 
the met tower complex. 

Comparison of Horizontal RVR and 

Slant Visual Range for Radiative Fogs 

With the exception of one case, all of the fogs recorded after 
the installation of the mini-computer were primarily advective rather 

than radiative in character. When radiative fog occurred, fall and 

early winter, the only data recording systems operative were the trans
missometer strip charts; however, exploration of relation between RVR 

", and SVR would be incomplete without considering some of these cases. 

ExcunpZe 1 

A fog occurred on 16 September 1972 lasting about three hours 
from 0300 to 0600. Figure 6-1 shows vertical transmission profiles at 
four times during the fog. The profiles are composed of data points 
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at the six discrete levels on the towers joined by straight linei. The 
profiles indicate a substantial reduction in visibility occurred 
near the ground starting around 0330; the layer thickened and became 
more dense reaching its maximum obscuration at about 0500. From 0500 
until 0600~ the process very nearly reversed with clearing occurring' 
aloft and more slowly at the surface. During the entire fog~ the 
visibility reduction was primarily confined to the lowest 100 feet 
of the atmosphere. 

Figure 6-2 shows the RVR and SVR records for the same period. 
RVR is found using the transmission measured at the 15-foot level; 
SVR is found using the slant transmissometer corrected to a 250-foot 
baseline. These curves indicate that RVR provides misleading infor
mation on the slant path transmission until about 0440; for the 

next forty minutes, the trends for the two instruments are the same 
but the values recorded are always significantly different. The 
best agreement existing exhibits a difference of 500 feet. The 15-foot 
level transmissometer is consistently conservative in its estimate 
of slant transmittance. 

Example 2 

These data were recorded on 26 January 1973. Similar characteristiCs 
to those in Example 1 are seen with even more dense conditions near 
the surface. The vertical transmission profiles, Figure 3-2, egain 
illustrate that the restriction to visibility was primarily within 

"..	 the first 100 feet of the atmosphere. Figure 6-3 shows the comparison 
of the 15-foot and slant transmissometer converted to RVR. Again 
the RVR was alwyas a much more conservative estimate of visual range 
than that measured using the slant transmissometer. For several hours, 
the RVR was less than 1,200 feet, Category II minima at some airports, 
while the slant visual range was exhibiting rapid fluctuations but 
always well above the 1;200-foot level. 
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ExampZe :5 

The results for this fog which occurred on 30 May 1973 differ 
from the other examples as the l5-foot transmissometer first gives 
a visual range greater than the slant transmissometer but later 
the visual range values reversed in magnitude. Figure 6-4 shows 
the RVR and SVR values for this fog. 

Comparison of Horizontal and 
Slant Visual Range for Advective Fogs 

After the proposed system was installed, no predominantly 
radiative fogs were recorded. The following comparisons will illustrate 
the visual ranges found from slant transmissometer, the 15-foot 
level transmissometer and the proposed system measurements of trans
mittance. 

Example 1 

The data recording commenced at about 0800 on 15 March 1973 for 
this predominantly advective fog. Figure 3-4 shows typical transmission 
profiles recorded. Those shown include several during the early phases 
when the fog density is increasing and several during the decay phases. 
Even in the early phases, the fog is very dense aloft. During dissi
pation, clearing occurs more rapidly at the surface than aloft. 
Figure 6-5 shows the corresponding visual ranges obtained by using 
the transmittance measurements in the RVR equation assuming night con
dition, light setting four. The results from the l5-foot level trans

missometer are consistently higher than both the slant and the candidate 
system. The difference between the proposed system and the slant 
transmissometer during the steady state averages approximately 100 
feet. During onset and dissipation, a much larger difference exists 
between these readings; however, this was anticipated due to their 
separation of about 1 ,500 feet. These differences occur for about 
ten minutes at the beginning and end of the fog. 
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Example 2 

Two more occurrences of advective fogs which were recorded are 

presented in Figures 6-6 and 6-7. Figure 6-5 shows results for a 
fog occurring on 16 March 1973. Several vertical transmission pro
files for this fog were shown in Figure 3-6. Their general shape 
does not differ greatly from those of Figure 3-4. Figure 6-7 includes 
results recorded on 26 March 1973. These data do not differ greatly 
from those shown in Example 1; the proposed system always shows much 
better agreement with the slant transmissometer than does the 15

foot level transmissometer. 

Example :3 

This incomplete record, Figure 6-8, is shown primarily because it 

is one of the relatively few records obtained. In the early stages 
of the fog, agreement between the proposed system and the slant 
transmissometer is not particularly good; however, it is in the form
ation when the separation between instruments probably accounts for 
this discrepancy. Similar discrepancies can occur during dissipation; 
however, they will be less frequent since dissipation can result 
from evaporation produced by radiative effects. The reading from the 
l5-foot transmissometer results in RVR's so large that they are off-scale 
on the graph. Unfortunately, the main portion of the record was lost 
to a malfunction of the recorder. Starting again at 0705, proposed 
system agrees well with the slant transmissometer. 

In all these cases, the RVR calculated using the l5-foot level'. 
transmissometer was greater than that found with either the slant 
transmissometer or the candidate system. This consistency is an 
indication of the characteristic of the advective fogs, density 
increasing with altitude, and the fact that both the candidate system 
and the slant transmissometer provide data from levels higher than 
15 feet. 
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For atmospheric conditions such that the slant visual range, ,as 
measured with the slant transmissometer, is 4,000 feet or less, the 
candidate system gave a good estimate of the slant visual range. 
Notable exceptions to this exist just at the onset or dissipation of 
advective fogs. The 1,500 feet separating the system from the slant 
transmissometer account for these discrepancies. 

The data recorded at NAFEC, although far from exhaustive, 
indicates that the RVR as presently used provides only a very 
approximate prediction of the visual range that exists from the 
glide slope to the runway. In contrast, the system, employing a 
forward scatter meter on a 100-foot tower, a transmissometer five 
feet above the surface and luminance meters at 50 and 100 feet, 
yields reasonable estimates for the slant visual range. 
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7. LUMINANCE MEASUREMENTS AND ANALYSIS 

NAFEC Measurements 

The previous sections of this report have described atmospheric 
transmission data instrumentation and analysis on this data. 
Sections 7 and 8 will present analyses of the effect of adaptation 
luminance and describe the SVR/ALCH algorithm in terms of atmospheric 
and psychophysical parameters. 

Daytime luminance meters were located at 15, 50, 100 and 150 
feet at NAFEC. They were pointed 5° below horizontal at approximately 
125° clockwise from true north. This particular aiming direction was 
chosen to simulate the pilot's direction of look on approach at NAFEC. 
Illuminance meters were located at five and 150 feet near and on the 
scaffold tower. 

The luminance meters were installed to monitor the variation of 
luminance with time for different fogs. The luminance readings were 
to be compared with theoretical calculations which were entered into 
the SVR/ALCH system. 

Figures 7-1 through 7-4 show how luminance changes with time. 
The gradual increase of luminance with time could be the result of 
increasing illumination on the fog or a decrease in fog density. 
As can be seen from Figures 7-1 through 7-4, luminance increases 
as altitude increases. This is the result of the decrease in optical 
depth that the sun's rays must penetrate before being scattered 
upward. 

Figures 7-5 through 7-8 represent the absorption and scattering 
of light over a 250-foot baseline. In comparing Figure 7-2 with 
Figure 7-6 during the time interval 1143 - 1413, one can see an 

increase of luminance with a decrease in l-T250 . This can be attributed 
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to an increase of illuminance on the ground and thus an increase in 
ground luminance. In fact, the time interval between 1143-1413 of 
Figure 7-2 probably represents mainly ground luminance and not fog 
luminance. The voids in the graph represent missing data. 

Because of the low luminance levels of Figures 7-1 through 7-4, 
it is strongly suspected that the condition of the sky above the fogs 
was overcast, or the fogs continued to an altitude well above 150 
feet. Luminance values well above 1,000 ft-lamberts are to be 
expected when the sky is clear above the fog and when the luminance 
meter is relatively close to the top of the fog. For this reason 
and since the present luminance meters at 15, 50, 100 and 150 feet 
have saturation points at 760, 1,000, 1,000 and 1,260 respectively, 
future luminance meters will range from one ft-lambert to 3,000 

ft-lamberts. 

In evaluating the effect of measuring luminance, the following 
analysis was performed. The slant transmissometer readings were 
used in computing the extinction coefficient. The 150-foot luminance 
meter readings were used in computing SVR by determining threshold 
illuminance (see Section 8) and then applying Allard's or Koschmieder's 
law to yield an SVR. SVR was also calculated using the 1,000 mile
candles as the illuminance threshold. A comparison was then made 
and the results are shown in Figure 7-9. As can be seen, the percent 
difference is not very great. Figure 7-10 gives the percent difference 
frequency distribution for Figure 7-9 and the majority of daytime fogs 
sampled at NAFEC. As can be seen from Figure 7-10, most of the errors 
fall in the 5 - 15% range. 

Reliable data were not obtained from the zero and 150-foot 
illuminance meters at NAFEC. They were not environmentally hardened 
to withstand the weather at NAFEC. It was planned to try to correlate 
illuminance data with optical depth of the fog (as will be discussed 
later), but since there was no data available, this could not be done. 
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Determination of Background Luminance
 

Under daytime conditions~ one of the inputs into the proposed
 

SVR/ALCH system is the adaptation luminance of the pilot's eye. An 
ideal way of obtaining a value for this variable would be to 
measure it from inside the cockpit. However, due to logistics~ this 
method is not feasible. Therefore, it is necessary to formulate a 
method of using physical measurements on or near the ground to pre
dict the pilot's background luminance. The approach taken was the 
performance of a sensitivity study of the variables which determine 

fog luminance in reduced visibility conditions. The effect of fog 

parameters was evaluated using a modified radiative transfer computer 

program developed by Dr. Kattawar of Texas A&M University (Plass~ 

Kattawar and Catchings~ February 1973; and Kattawar, Plass and 

Catchings~ May 1973). 

Computer Program Description 

The program assumes an atmosphere bounded by two infinite parallel 

planes. The atmosphere can be subdivided into two homogeneous layers~ 

the top layer consisting of Rayleigh scattering and the bottom layer 

consisting of Mie scattering. The inputs into the program are the 
scattering phase functions of the Rayleigh and Mie layers, optical 
depth of Rayleigh and Mie layers, the solar and receiver zenith angles 
and the azimuth angle between sun and receiver. The solar and 
receiver angles range from 00 to near 90 0. The azimuth angles between 
the sun and receiver range from 0° to 180 0 (see Figure 7-24). 

The output of the program is the luminance in various directions 
for various sun incident angles and receiver positions within the 
atmosphere. 
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A typical example which was executed by the program had the 

following for inputs and outputs. The Mie layer had an optical depth 

of 8 (extinction coefficient times vertical depth = 8) with the 

Rayleigh layer possessing an optical depth of .098. Twenty-one 

sun zenith angles and nine azimuth angles were input into the program. 

The output consisted of luminances for each combination of sun zenith 

and azimuth angles, and at 10 equally spaced positions within the lower 

layer. Therefore, a spatial luminance rattern was obtained at each 

receiver altitude for each of the 21 solar zenith angles. In addi

tion, the upward and downward diffuse illuminances were obtained at 

each of these combinations. 

Analysis of Computer Generated Luminance Data 

In using the radiative transfer program, the parameters which 

determine fog luminance were assumed to be: the total optical depth 

of the fog; the optical depth above the pilot; the position of the 

sun relative to the pilot's direction of look; the scattering phase 

function of the fog; the reflectivity of the ground and condition 

of the sky aloft (overcast or clear). The scattering function 

of the fog was assumed to be that defined by Deirmendjian as a haze 

Mwith a wavelength of .55 micron. Figure 7-11 shows the haze M 

scattering function as well as the Eldridge 48 scattering function, 

which was used in much of the analysis performed in Phase I (Lohkamp 

et ~l'J 1972). The differences in the curves can be attributed to 
the different particle size distributions from which the curves were 

derived. Deirmendjian's haze Mfunction was used in the radiative 

transfer computer program because of the analytical representation 

of the haze Mparticle size distribution (Deirmendjian, 1969). 
Extensive modification of the computer program would have been required 

to include Eldridge 48 into the program. Furthermore, after comparing 
Eldridge and Deirmendjian's scattering functions in Figure 7-11, 

the differences between the curves seemed minimal. 
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Four optical depths for fogs were run on the computer (.5, 2, 

4,8). Ground reflectivities of .05, .1 and .2 were run on the computer 
program. Concrete has a reflectivity ranging from .05-.1 over the 
wavelength band .4-.7 microns. A confierous environment has a 

reflectivity ranging from .05-.2 over the wavelength band of .4-.7 
microns. Water reflectivity ranges from .05-.12 over the wavelength 
of .4-.7 microns. Therefore, it was decided that a reflectivity 
in the .05-.2 range would be fairly representative of the backgrounds 
encountered. The condition of the sky aloft was considered as clear 
with only Rayleigh scattering occurring above the fog layer. Solar 
zenith angles included 0°, 31°, 57°, 66° and 79°. The azimuth angles 
between sun and receiver were 0°,22.5°,45°,67.5°,90°, 112.5°, 
135°, 157.5° and 180°. The receiver zenith angle considered was 84°. 

Figure 7-24 shows the pilot-solar geometry. Plane CDE represents 
the principal plane of the sun. Plane ABC represents the plane 
containing the pilot's direction of look. The azimuth angle is the angle 
~180° defined by the intersection of the two planes. The solar 
zenith angle is defined to be <90° and is measured between a vertical 
line and the line defined by the solar rays. 

The curve displacements on each of the Figures 7-12 through 
7-15 represents the luminance differences for the zenith angles 

given. The effect of zenith angle becomes less important at the top 
of the fog. Generally speaking, the smaller the zenith angle,the 
larger the luminance, except near the top of the fog when the 
azimuth is 0° and 45°. Noting the haze Mphase function of Figure 
7-11, one observes a decrease in P{e) with an increase in scattering 
angle for scattering angles between 0° and 90°. The pilot-solar 
azimuth angle of 0° and 45° corresponds to the pilot flying into the 
quadrant of the sun. A pilot-solar azimuth angle (Figure 7-24) 
of 0° and 45° would define a scattering angle between 0° and 90°. 
Therefore, as the sun zenith angle decreases from 79° to 31° {sun 
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rising), the scattering angle is increasin~, thus lowering P(e) 

and the luminance the pilot perceives. This phenomenon reverses 
as the pilot descends through the fog. This is due to the diffusion 

of the light through multiple scattering. 

Figures 7-16 through 7-19 represent the effect of different 

pilot-solar azimuth angles for various optical depths and solar 

zenith angles. As can be noted in all four figures, the luminance 

curves representing the 90°, 135° and 180° azimuth angles are close 

together, while the 0°,45° and 90° curves show greater differences. 

The effect of solar azimuth angle is greatest near the top of the 
fog. The luminances are greatest for small azimuth angles. Again, 

this is the result of a large amount of scattering at small scatter
ing angles. 

Figures 7-20 through 7-22 represent the effect of varying 

optical depth. Optical depth has the greatest effect at the bottom 
of the fog for small azimuth angles. From the top to the bottom 

of the fog, the luminance varies a factor of 10. 

Figure 7-23 shows the effect of ground reflectivity. Ground 

reflectivity does not appear to affect luminance significantly. 

It was anticipated that from the computer runs, total optical 

depth of the fog could be correlated with illuminance on the ground. 
This information, along with an estimate of extinction coefficient(s), 

would enable the optical depth versus altitude to be defined. 
Thus, in effect, the optical depth above the pilot could be calculated, 
given the pilot1s altitude. Since the luminance the pilot sees 
depends to a large extent on the location of the sun relative to 
the pi1ot ' s direction of look, computational formulas were obtained 

which predict the azimuth and zenith as a function of pilot's 
longitude and latitude, day of the year and time of day. Thus, 
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EFFECT OF DIFFERENT AZIMUTH ANGLES 
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EFFECT OF DIFFERENT AZIMUTH ANGLES 
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EFFECT OF DIFFERENT AZIMUTH ANGLES
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EFFECT OF DIFFERENT OPTICAL DEPTHS 
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EFFECT OF DIFFERENT OPTICAL DEPTHS 
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EFFECT OF DIFFERENT OPTICAL DEPTHS
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knowing the position of the sun,. total optical depth, optical depth 
above the pilot and ground reflectivity, the computed luminance can 
be found from the computer output. Realizing the impracticality of 

looking up luminance from computer printouts, luminance values 
were fitted via linear regression techniques as a function of sun 
position, total optical depth, optical depth above pilot and ground 

reflectivity. This enabled luminance at each ALCH decision point 

to be computed quickly by substitution into the regression equation. 

The results of the regression fitted to the luminance data calculated 

by the computer program is given in Figures 7-25 and 7-26. The 
abscissa represents the actual data and the ordinate represents 
the predicted. The luminance prediction is made only for decision 
heights greater than 100 feet and then only when the condition of 

the sky above the fog is known as clear. When a cloudy condition 
occurs, the luminance is taken from the laO-foot luminance meter 
and is applied to decision heights of 150, 200, 300 and 400 feet. 

The luminance scale ranges from two ft-lamberts to 3,000 ft-lamberts 
for the SVRjALCH system in the daytime case. 

As mentioned above, the total optical depth and the optical 
depth above the pilot in daytime conditions must be input into the 

regression formula. To obtain these, an attempt was made to correlate 
total optical depth with the illuminance on the ground using the computer 

generated data. Figure 7-27 shows illuminance versus total optical 
depth. As can be seen, illuminance on the ground is very sensitive 
to solar zenith angle. Likewise, illumination on the 5round is very 

sensitive to the total optical depth. Since optical depth 
equals the extinction coefficiert times altitude (T = ah), the 
height of the fog or breakout altitude can be found by knowing a 

and assuming it constant with altitude. Likewise, the amount of 
optical depth above the pilot can be calculated assuming a constant 

a and by knowing the altitude of the pilot. Therefore, knowing total 

optical depth, optical depth above pilot, solar zenith and azimuth 

angle, the regression formula will estimate fog luminance. 
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The effect of assuming 0 constant with altitude is not compl~tely 

known in terms of predicting fog luminance. This, to a great extent, 
depends on the assumption that fog luminance is determined primarily 
by the optical depth above the pilot and total optical depth. The 
first parameter is certainly affected by the constant 0 assumption, 
while the total optical depth mayor may not be affected. In other 
words, since total optical depth is determined from illumination on 
the ground and illumination on the ground may be fairly independent 

of the location of fog with altitude, it is possible that predicted 

total optical depth be independent of 0 varying with altitude. 

Figure 7-28 shows the breakout altitude error generated for 
the error in calculating total optical depth from the illuminance 
measurements described above. This graph can be expressed as follows: 
~h = ~T/0. Figure 7-29 is a composite of Figures 7-27 and 7-28. It 
shows the error generated in predicting the top of the fog (breakout 
altitude) for the error of measuring illuminance. As can be seen, 
the denser the fog, the less sensitive breakout altitude is to 
illuminance. To go one step farther, Table 7-1 shows the sensitivity 
of ALCH on breakout altitude. Column five represents the default 
value of ALCH for a 400-foot breakout altitude, which is used in the 
SVR/ALCH system if breakout altitude is not known. 
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TABLE 7-1 

Effect of Brea kou t AItitllde on ALCH 

ALCH for 
Assumed 

Approximate Actual 400 Ft. 
Adaptation Breakout Actual Breakout 
Luminance T250 Altitude (Ft. ) ALCH (Ft.) Altitude 

100-500 .63 100 400 200
 

100-500. .63 200 300 200
 

100-500 .63 300 200 200
 

2-100 .25 100 400 200
 

2-100 .25 200 300 200
 

2-100 .25 300 200 200
 

100-500 .5 100 300 200
 

100-500 .5 200 200 200
 

1000-1500 .37 100 200 150
 

1000-1500 .37 200 150 150
 

As can be seen from comparing columns four and five, an error 

of at least 200 feet can be made in predicting ALCH. This indicates 
the importance of knowing breakout altitude. 

At present, two alternatives exist for obtaining breakout altitude: 
(1) predicting breakout altitude as a function of the measured illumi
nance on the ground and an estimate of 0 from the SVR/ALCH system 
and (2) pilot reports. Both of these methods will be used in predicting 
breakout altitude at the NAFEC experimental flight tests. Evaluation ." 
of the two methods will then be made to determine if one, both or 
neither of the methods will be entered into the ALCH system. 
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8. ALCH/SVR CALCULATIONS 

ALCH Algorithm 

Day Case 

ALCH predictions are based on data concerning: (1) the 
adaptation luminance being viewed by the pilot; (2) the amount of 
flux necessary upon the eye from a specific approach bar to enable 
the pi.lot to "see " the bar; (3) the condition of the atmosphere 
(extinction rate) between the pilot and the approach light bars 
of interest; and (4) the orientation of the approach lights relative 
to the pilot, i.e., the intensity vector in the direction of the 
pilot. 

In the previous phase of this project, a psychophysical experi
ment (Lohkamp et aZ.~ 1972) was conducted to determine the amount 
of flux on the eye necessary in order to usee" (ET) the approach 

bar of interest at several distances and adaptation levels. The 
ET used in all calculations is twice the actual threshold laboratory 

value. This data, fitted via regression analysis, is used to deter
mine the illuminance necessary on the eye once the adaptation level 
is known. 

The adaptation luminance being viewed by the pilot is obtained 
by one of two techniques. As discussed in Section 7, there are 
two luminance meters (50 - 100 feet) incorporated in the candidate 
system. The values measured are utilized for the 50 and 100-foot 
ALCH predictions. The adaptation necessary for the calculations 
at the other four ALCH prediction points is obtained from a 
regression equation fitted to multiple scattering data. The multiple 
scattering data is discussed in Section 7. 

The necessity of adaptation being known is shown in the results 

of a sensitivity analysis. Figures 8-1 and 8-2 depict the results 
of the analysis for two different extinction rates (0). 
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To calculate the illuminance on the eye from an approach light, 
one must know the weighted average of the extinction rate (0) between 
the observer and the approach light of interest. The weighted 
average extinction rate is determined by the following equations. 

When the top of the fog (HBO) is less than the ALCH prediction 
point of interest, 

° = 100[(°10 + °100)/2 + (HBO - 100) °100 ] /ALCH 

where ALCH is the height of the prediction point of interest. 

When the ALCH prediction point is less than the height of the 
top of the fog, 

° = 100[(°10 + 0100)/2 + (ALCH - 100) 0 100 J/ALCH. 

For the 50 feet ALCH prediction point, 

010 = the extinction rate measured at a height of 10 . 
feet. 

0100 = the extinction rate measured at a height of 
100 feet. 

'. 

HBO = height of the top of the fog in feet (assumed 
to be 400 feet if unknown). 

As can be seen from examination of the equations, ° is calculated 
as if 010 were the value at zero height and the extinction above 100 
feet height was constant at the value measured at 100 feet. 
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The illuminance incident upon the eye (E) is calculated by 

the following equation: 

E = 5I T exp(- crD)/D2 
e 

Ie =	 the intensity of an approach lamp in the direction 

of the observer . 

. T	 = the transmittance of the aircraft windscreen. 

D =	 the distance to the light bar of interest. 

o	 = the extinction rate between the observer and 

the lamp. 

In determining the ALCH, the prediction points 400, 300, 200, 

150, 100 and 50 feet are always used in the order given. 

The value of the illuminance incident on the eye (E) is com

pared to the necessary illuminance for detection (ET) for that ALCH 

prediction point. If the illuminance produced (E) is greater than 

the required ET for the ALCH prediction point of interest, that 
prediction point is the correct ALCH. 

Figure 8-3 gives an example of the extinction rates associated 

with each ALCH prediction point. The data in Figure 8-3 is for an 

adaptation level of 1,000 ft-lamberts. 

The RVR values shown on the graph indicate the RVR's associated 
with the transition from one ALCH to another. As an example, an 
RVR of 1,450 is the smallest RVR that is allowable and still have 

an ALCH of 300 at the 1,000 ft-lambert adaptation level. In obtain

ing the RVR values, light setting 5 was used. 
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As can be seen from Figure 8-3, the extinction rate can vary 
a large amount yet not change the predicted ALCH. As an example, 
under the conditions specified in Figure 8-3, the extinction rate 
can range from 11.3 X 10-4 per foot to 33.7 X 10-4 per foot for 
a predicted 300-foot ALCH. In terms of RVR, the values can vary 
from 3,000 feet to 1,450 feet for the 300-foot ALCH prediction. 

For comparison, ALCH predictions based upon an illuminance 
threshold of 1,000 mile-candles are included as Figure 8-4. This 
illuminance threshold does not take into consideration the adapta
tion of the pilot. It is interesting to note the similarity of 
these two graphs. The unusual shape of the graphs is believed due 
to the approach light-pilot geometry associated with each ALCH 
prediction point. 

Night Case 

In Phase I of this project, calculations were made to determine 
the maximum extinction rate which would allow an observer at each 
ALCH prediction point to see five approach light bars. Lohkamp, 
et aZ. (1972), discusses the calculations and the values obtained. 
The maximum extinction rate is related to an illuminance threshold 
by Allard's law. The illuminance minimum necessary for detection 
(ET) is then compared to the illuminance (E) produced upon the eye 
by the approach light bar when at an ALCH prediction point. The 
value of the weighted average extinction coefficient (0) obtained 
from the tower measurement is utilized to calculate illuminance on 
the eye (E). 

The ALCH prediction point selected is determined by finding 
the one where E is closest to ET yet E is larger than ET. 
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Figure 8-5 is a block diagram of the logic and steps in both 
the day and night ALCH calculations. 

SVR Algorithm 

Day Case 

SVR is the larger of the following two distances: the distance 
over which .055 contrast is transmitted, or the distance to the furthest 

selected light which illuminates the pilot's eye to a prescribed 

level. 

The	 first distance is calculated by Koschmieder's law with 
a .055 contrast threshold. 

o = 2.9/cr 

o	 = weighted average extinction coefficient (see 

section on ALCH). 

The	 alternate distance is calculated via Allard's law. 

- 2
ET = TIe exp(- 0 D)/D 

ET =	 illuminance threshold of the pilot at his 
adaptation level. 

Ie =	 the intensity of the light source in the direction 
of the pilot (taken as 20,000 candelas for runway 
lights). 

T =	 transmittance of the aircraft windscreen (taken 
as .8 in all calculations). 
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When the high intensity runway edge lights are used as the 
light source, point source data by Blackwell (1946) are used. 
The illuminance threshold data was multiplied by a factor of 
two for use in this application to raise it to what Blackwell 
refers to as a "common sense level of seeing." 

The pilot's adaptation must be known in order to determine 
the illumination threshold. The adaptation is determined through 
the use of a luminance meter mounted on the tower at a height of 
100 feet. The effect of luminance on SVR predictions are shown 
in Table 8-1. 

TABLE 8-1
 

Adaptation Effect on SVR
 

Transmission over 250 ft. = .3
 
RVR = 1,100 ft.
 

Luminance SVR 
(Ft-lam6erts) (Feet) 

3000 11 00
 
2000 1200
 
1000 1200
 

500 1300
 
250 1400
 

20 1800
 

Transmission over 250 ft. = .5
 
RVR = 1,650 ft.
 

3000 1600
 
2000 1700
 
1000 1900
 

.'500 2100
 
250 2300
 

20 2900
 

When the pilot is at 100 feet altitude, he is 1,100 feet from 
the first runway edge light. This would mean that predictions of SVR 
less than 1,100 feet would require the use of imaginary lights. 
To avoid this case, the approach light bars (one through five) 
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are used as light sources. The data on the illuminance necessary 

for detection of approach light bars was obtained in a psycho

physical study completed earlier in this project . 

.. 
The prediction of the detection of high intensity runway edge 

lights or of approach 1ights (one through five) at night is a prob

lem; this is primarily due to the lack of information on the adapta

tion of the rilot. The luminance meters located on the remote 

tower cannot yield IJsefu1 data since they are not viewing the lighted 

area viewed by the pilot. 

In previous experiments conducted for the Federal Aviation 

Administration (Eggert, 1960) and in the RVR calculation (Larsson, 

1970), an illuminance threshold (ET) of two mile-candles was either 

found or selected. Using an illuminance of two mile-candles and 

the 81ackwell (1946) data, one can determine the aprropriate adapta

tion level. For a common sense level of seeing the two mile-candles, 

ET yields a 2.4 ft-lambert adaptation level. 

In the detection of the high intensity runway lights, the 

two mile-candles ET is utilized. For the detection of approach 

light bars one through five, 2.4 ft-lamberts adaptation level was 

utilized to determine ET for each bar. 

The c used in the SVR calculation is determined by the following
'. 

equation: 

o = [010 + 0 100 J /2 

where 010 and 0100 are the extinction rates at heights of ten and 
100 feet respectively. 
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Included in this equation is the assumption that 010 represents 

00 and that the variation with height of ° between 010 and 0100 is 
linear. With only a two-point measurement and limited historical 
data, one can not justify the use of a more complex form of interpolation. 

A block diagram of the day and night calculation of SVR is 
shown in Figure 8-6. 
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9. SYSTEM DEMONSTRATION 

The proposed slant visual range system was demonstrated at 
NAFEC on 23 August 1973. Although the system was fully operational, 
it was necessary to simulate fog by using data previously recorded. 
The system demonstrated, therefore, had an extra panel of electronics 
and did not use the FSM or luminance meters for real time data input. 

ALCH/SVR System 

The computer, programmed with the ALCH and SVR algorithms, 
was used with the fog data measured at NAFEC. Several examples 
were demonstrated by preparing data tapes for use with the system. 
An example of a fog occurring during daylight used measurements 
recorded on the morning of 26 March 1973. Transmission measurements 
from the remote tower at five and 100 feet, luminance recorded at 
50 and 100 feet and time of day were entered in the system. 

Additional inputs not entering the SVR/ALCH calculations were 
the transmission record of the 15-foot transmissometer located at the 
met tower complex. This data was used in the RVR calculations; the 
results were displayed. 

The data used in the demonstration of the night case calculations 
was recorded on 16 March 1973. The data input, via paper tape, was 
the transmission recorded from the remote tower at the five-foot and 
lOa-foot levels and the transmissometer readings at the 15-foot 
level recorded at the met tower complex. 

As an additional part of the demonstration, variables such as the 
transmissions measured at the remote tower, luminance measured at the 
50 and laO-foot levels, breakout altitude, cloud cover and light 
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setting, could be varied with controls on a separate panel, allowing 
test cases of any type to be investigated. 

With the above variable parameters, the effects of changes in 
luminance, transnlission, etc., were shown. As an example, data 
similar to that contained in Figure 8-1 and 8-2 were visually displayed 
on the readout panel. 

Display Panel 

A solid state display panel converts the computer output to a 
digital readout. Figure 9-1 shows the layout of the panel. The 
data displayed by the panel are: 

1.	 ALCH in feet, three digits 
2.	 SVR in hundreds of feet, three digits 
3.	 RVR for touchdown, midpoint and rollout in hundreds
 

of feet, two digits each
 
4.	 Background brightness coded in steps from 0 - 7 
5.	 Approach light setting, steps 1 - 5 
6.	 Runway light intensity, steps 1 - 5 
7.	 Day/night status 

In addition to these displays, a is included in ALCH, SVR".11 

and the three RVR's indicating when values are below prescribed 
minima. The display panel has error detection capability, and when 
an error is encountered, a light signals the observer that the readings 
displayed should be ignored. The panel automatically resets on the 
next update of data. The panel at present does not indicate which 
readings are in error, only that an error is present. 

The solid state display panel has several associated advantages. 
It allows a more concise presentation of the information and is 
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readily expandable for displaying meteorological or other variables. 
This type of display can be easily connected to a central computer 
facility through standard teletype interface. The data coding is in 
a serial format allowing the use of telephone lines and acoustic 
couplers for transmission of data; therefore, remote display of control 
tower data is a simple matter. 

This demonstration illustrated the operation of the proposed 
system as well as displaying the instruments and data processing 
hardware which will be used in the flight tests at NAFEC starting 
in October 1973. It is hoped that these tests will provide further 
validation of the instrumental portion of the system, and provide 
a test of the algorithms used in computing ALCH and SVR with results 
compared to human observations. 
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11. APPENDIX 

The list of fog occurrences that served as the data base for 
this work is shown. Included in the listing is an indication of 
the form in which the data is recorded. 

Fog Occurrence 

,; 
A 

12 Sep 1972 
16 Sep 1972 

\. 17 Sep 1972 
18 Sep 1972 
4 Dec 1972 

10 Dec 1972 
12 Dec 1972 
25 Dec 1972 
1 Jan 1973 

22 Jan 1973 
26 Jan 1973 
28 Jan 1973 
7 Mar 1973 
9 Mar 1973 

11 Mar 1973 
15 Mar 1973 
16 Mar 1973 
26 Mar 1973 
29 Mar 1973 
31 Mar 1973 
1 Apr 1973 

... 2 Apr 1973 
27 Apr 1973 
9 May 1973 

23 May 1973 
29 May 1973 
30 May 1973 
31 May 1973 
3 Jun 1973 
8 Jun 1973 

Strip Chart 
Computer Data Available Data Available 

X
 

X
 
X
 
X
 
X
 
X
 

X
 

X
 
X
 
X
 

X X
 

X
 
X X
 
X X
 
X X
 

X X
 
X X
 

X X
 
X
 

X X
 

X
 

X
 
X X
 

X X
 

X X
 
X X
 

X X
 

X
 

X
 

X X
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The format of the computerized data is illustrated below. 
Time is shown as Julian date and hours and minutes for a 24-hour 
clock. The transmittance measured by each transmissometer is shown 
in percent. The readings for the slant transmissometer are adjusted 
to a 250-foot baseline. 

J 
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Date Hr Min T5 T15 T51 T87 T123 T159 TS 

75 19 32 95.6 98.3 90.8 81.2 59.3 34.3 74.2 
75 19 34 93.6 96.9 86.3 70.6 36.4 18.8 60.2 
75 19 36 95.2 97.6 91.4 81.0 46.6 19.4 70.4 
75 19 38 95.2 97.6 90.7 79.1 41.8 18.4 65.8 
75 19 40 94.3 97.0 88.6 73.5 38.6 19.9 63.1 

1, 75 19 42 94.8 97.5 90.8 81.6 51. 9 31.2 68.9 
75 19 44 95.6 98.1 92.3 86.0 73.3 47.5 83.0 
75 19 46 95.4 97.8 92.1 86.0 74.1 48.0 83.0 

.. 75 19 48 94.0 96.6 89.7 80.6 63.4 39.4 76.8 
75 19 50 96.0 98.0 93.1 86.3 73.1 44.8 83.4 
75 19 52 96.4 98.8 93.6 88.0 76.3 49.9 86.5 
75 19 54 96.8 99.1 94.4 90.3 81.9 56.9 89.3 
75 19 56 97.1 99.3 94.9 91.4 86.3 75.0 92.3 
75 
75 

19 
20 

58 
0 

97.2 
96.7 

99.4 
98.9 

94.8 
94.4 

91.5 
90.6 

87.8 
85.6 

82.9 
n .2 

93.8 
92.1 

75 20 2 96.2 98.5 93.5 89.0 81.9 67.1 89.7 
75 20 5 96.0 98.8 93.0 88.7 82.8 70.3 90.5 
75 20 7 96.1 98.8 92.9 88.3 79.9 62.0 88.1 
75 20 9 95.4 98.3 90.9 82.9 59.8 37.2 75.1 
75 20 11 93.9 97.3 86.6 73.1 49.7 36.3 68.9 
75 20 13 93.9 97.3 87.5 74.2 39.1 19.0 64.0 
75 
75 
75 
75 

20 
20 
20 
20 

15 
17 
19 
21 

89.3 
90.8 
n .2 
68.4 

93.9 
95.1 
85.0 
n .1 

76.6 
n.8 
52.9 
41.0 

52.9 
35.9 
29.6 
18.8 

26.2 
10.4 
15.8 
8.6 

14.5 
6.6 
8.8 
6.4 

48.7 
33.6 
31. 9 
21.6 

75 20 23 65.1 74.4 40.1 20.6 11 .2 7.9 22.7 
75 20 25 60.8 69.9 36.4 18.8 9.6 6.6 21.3 
75 20 27 57.0 66.5 34.6 19.1 9.2 6.3 19.2 
75 20 29 53.2 63.8 26.3 12.3 6.0 4.2 15.1 
75 20 31 43.2 53.5 22.8 12.6 8.6 6.4 15.7 
75 20 33 43.7 53.6 25.6 15.7 8.5 6.6 16.0 
75 20 35 48.6 58.0 29.1 17.8 11 .1 8.3 20.7 
75 20 37 49.8 59.2 33.2 19.9 10.4 7.0 20.0 
75 20 39 51.0 60.8 28.5 15.9 9.3 6.8 19.0 
75 20 41 50.6 60.3 27.3 15.9 8.8 6.4 17.3 
75 20 43 44.8 54.5 25.1 14.5 8.2 6.1 16.0 
75 20 45 38.8 48.4 19.4 11 .0 6.4 5.0 13.8 
75 20 47 34.2 43.5 15.0 9.4 5.1 4.0 12.0 
75 20 49 32.1 41.1 14.1 9.5 5.7 5.2 12.0 

.. 75 20 51 31.3 39.5 16.0 11 .1 6.7 5.3 12.9 ,. 75 20 53 33.2 41.8 16.2 10.3 5.9 4.7 12.4 
75 20 55 32.9 41.5 15.6 9.5 5.1 3.6 11 .6 
75 20 57 36.4 44.6 21.8 13.4 7.2 5.3 14.8 
75 20 59 36.1 44.9 18.7 11 .9 7.4 5.8 14.2 
75 21 1 31.8 40.0 14.6 9.4 6.1 4.4 12.5 
75 21 3 30.6 38.1 13.8 10.4 7.3 6.3 13.5 
75 21 5 32.1 41.0 15.4 9.8 5.7 4.9 11 .9 
75 21 7 39.1 47.2 25.1 14.6 7.6 5.6 15.4 

123 
34958 



f 
'I 



". 

", 



..
 

!
 
\ 

.'
 


