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1. INTRODUCTION

This handbook provides a practical means for the prediction of pilot
air-to—air visual acquisition performance. The predictions are based upon a
mathematical model of visual acquisition that has been calibrated using data
from actual flight tests. In order to apply the model to a particular
situation, the user must understand the model well enough to 1) verify that
the model is applicable to the situation of interest, 2) define the visual
search conditions for the situation of interest, and 3) correctly interpret
the results.

This handbook contains several tables that illustrate model results. But
these pre-calculated tables cannot include all search conditions that might be
of interest. For analysis of cases not provided in this handbook, one may use
the computer programs (SEEl and SEE2) that accompany the handbook. The
SEE programs are interactive programs that provide visual acquisition
predictions according to user inputs. They are written in the Pascal computer
language and can be run on most microcomputers. SEEl provides a basic
calculation of acquisition probability. SEE2 provides a way of calculating
aircraft speed limits that maintain a baseline level of visual acquisition
performance. SEEl and SEE2 share many basic computational modules.

In order to carry out the calculations, the SEE programs make certain
assumptions that are not part of the model itself {(e.g., SEE programs assume
that the traffic is on a collision course whereas the model can be applied to
any flight path). An effort has been made to keep the programs reasonably
simple while preserving enough flexibility to analyze the cases of greatest
interest with regard to air safety.
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2, DETERMINING APPLICABILITY OF THE MODEL

Before using the model to analyze a particular case, it should be
determined that the model is applicable to that case. This section discusses
eriteria that should be applied in order to establish applicability.

1) Search Should Occur Under Daylight Conditioms

The model applies only when the aircraft is seen in bright daylight
conditions (so that it is the physical structure of the aircraft that must be
acquired, not the aircraft lights). The model has not been applied to the
detection of strobe lights, contrails, or smoke.

2) A Value for B Must be Available

In order to apply the model, a search efifectiveness parameter, B, must be
selected. B is the rate of visual acquisition per solid angle of target size
per second of search. It serves as as a curve-fitting parameter that accounts
for all the human performance effects upon search effectiveness. £ can be
expected to vary with workload, pilot visual acuity, pilot training, and the

amount of effort devoted to visual search. The model obtains an appropriate
value of B directly from flight test data. However, flight test data is
available for only a limited number of situations. If the search conditions
of interest do not seem to correspond well with any documented flight test,
then the only way to select P 1s by extrapolation. The gselection of B is

discussed in Section 6.1.

3) Unusual and Non-standard Visual Conditions Must be Excluded

The model does not provide any explicit adjustments for phenomena such as
empty field myopia, glint, hypoxia, monocular viewing, etc. Any such
phenomena present in the flight tests will be reflected in the value of £ that
is produced. However, if such a phenomena is absent in the flight test data,
" then the model provides no defined way of taking it imto account.

ar

4) Adrcraft Must Approach on N

Although the general model can be applied to arbitrary flight paths, the
SEE programs assume that the target alrcraft is on a collision course. This
is the situation of greatest interest in evaluating the reliability of visual
separation. The calculations are also restricted to rectilinear
(unaccelerated) flight paths. For such cases, the range (separation between
aircraft) decreases at a constant rate to zero. IThis establishes a one—to-one
correspondence between time-to-collision and range. Furthermore, the approach

e -

bearing and the visual area presented by each aircraft remain constant.

5) The Bank Angle and Pitch Angle of the Target Aircraft Must be Small

This is because the module for computing the visual size of the target
assumes that the aircraft is seen from the zero—-elevation plane. Hence, the
upper surface of the wings and fuselage is not included in the calculation of
visual area. If the bank angle or pitch of the target aircraft is not zero,
the visual area of the target will be underestimated. See Section 4,2,3 for a

description of the visual area calculation.
3



6) Cases for which the Aircraft Remain Near the Visual Resolution
Threshold for Long Periods of Time Must be Excluded

The model employs a sharp cut—off in search effectiveness when target
gize 18 below a specified resolution limit (nominal value: 1 minute of arec
in diameter). If the size is slightly below the resolution cut-off assumed in
the model, then the model will predict that the target will never be acquired,
no matter how long the pilot searches. If the size is slightly above the
resolution cut~off, then the model will predict that, given enough time, the
target is certain to be acquired. These all-or-nothing results may fail to
reflect actual experience since a single threshold does not apply to all
pilots and the threshold may actually vary with time. Fortunately, this
limitation is almost never a practical concern for aircraft on collision
courses since the visual target increases steadily in size and is normally
well above the resolution limit before visual acquisition is likely.

7) The Model Should Not Be Used to Resolve Field—of-View Issues

The SEE program provides a simple test for whether or not the approach
bearing of the target is within the pilot's field-of-view (FOV). The FOV test
is described in detail in Section 4.2.4. It is intended only to pravide a
rough indication of the geometries for which cockplit visibility limitations
will prevent visual acquisition. It does not model visibility limitations in
elevation, nor does it consider the placement of window posts or other
possible obstructions. Thus, it will not detect FOV limitations such as might
arise when one aircraft approaches the other from far above or far below the
"horizontal plane. The existing FOV test is useful in providing a general
correction for the effects of cockpit visibility when a variety of speeds and
geometries are averaged. If it is necessary to apply the model to a specific
situation where cockpit visibility is an issue, the exact field—of-view should
be determined using other techniques.

8) Conclusions Must Not Be Based Upon an Extremely Rapid Increase in
Acquisition Probability that Ocecurs Just Prior to Collision

In cases where visual acquisition is very difficult, the predicted
probability of visual acquisition remains very low until a few seconds before
collision and then rapidly climbs to unity. This is because the SEE
calculations assume that search effort is constant and that the range willi go
to zero at collision. Under these assumptions, the visual size of the target
becomes so large that visual acquisition is certain to occur before zero range
is reached, even if only in the last tenth of a second before collision. In
reality, two things prevent this. The first is that the range to the pilot's
eyes may not be zero., even at collision. But more importantly, visual search
effort is not really continuous (as the model assumes), but occurs
intermittently as the pllot's visual scan moves from inside to outside the
cockpit. The actual probability of acquisition will lag the model prediction
during periods when the predicted probability is rapidly increasing. Thus,
the model prediction that the probability of acquisition will shoot up to
unity in the last few seconds before collision 18 an artificial result for
most actual flight conditions. This is not normally a problem, since most
analyses will discount visual acquisitions that oceur so late that effective
avoidance is unlikely to be achieved.

4



'3, GENERATING A SEEl ANALYSIS

This section provides the information needed to run the basic visual
aquisition program, SEEl. A description of the computational techniques
employed in SEEl is provided in Section 4. .

SEE] computes tables containing the probabilities of visual acquisition,
PACQ, for a subject aircraft that encounters a target alrcraft under specified
visual search conditions. The search conditions are specified by a set of 16
input variables. If tables for several sets of conditions are of interest,
they must be computed as separate cases.

For some purposes, multiple rung of SEEl are necessary. For example, if
the probability of either aircraft acquiring is desired, then SEE]l must be run
twice, with one aircraft being the subject in the first run and the target in
the second run. SEEl does not provide averaging over several tables, nor does
it provide random selection of input variables.

3.1 Row and Column Variables

The PACQ tables are created by varying two user-selected input variables.
The variable that is assigned anew for each row is called the row variable.
The variable that is assigned anew for each column is called the
column variable. The other 14 variables are constant for all entries in the
table. For example, SEEL could produce a table of PACQ values for various
values of subject airspeed and visual range. For all values in this table,
other variables (such as the airspeed of the target aircraft) would be
constant.

The methods used to assign values to the row and column variable
differ. The row variable is stepped from 2 minimum value to a maximum value
with a fixed step interval. The column variable is stepped through fixed
values input by the user. Up to 8 values are permitted. They need not be
spaced evenly or be monotonic. -

Figure 3.1 depicts the basic input/output structure of SEEl. The sixteen
(16) input variables that must be specified in order to compute a single value
of the acquisition probability (PACQ) are listed as variables 1 through 16 in
Table 3.1. Each variable has a nominal value that is employed unless the user
specifies otherwise. In addition to the 16 input variables, there are certain
internal variables that are important at intermediate stages of the
calculation. These variables are also listed in Fig. 3.1 and Table 3.1l. The
details of the computational modules are discussed in Section 4. Figure 3.2
illustrates how the 16 input variables can be determined from a description of
a particular encounter scenario.

3.2 Input Variables

The following paragraphs provide a brief description of each of the 16
input variables. A guide to selecting proper values of variables is provided
in Section 6.
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Figure 3.1 Basic input/output structure of SEE1. Sixteen input variables must
be defined to compute the cumulative probability of visual acquisition (PACQ).
See Table 3.1 for variable definitions. See Fig. 4.1 for a more detailed diagran
of the modular structure.
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TABLE 3.1

VARIABLES USED IN PROGRAM

NOCMINAL
SYMBOL  NAME VALUE
- BETG 17000 per
steradian-sec
- BET1 17000 per
steradian—sec
t£] Tl 180 sec.
ty - T2 12 sec
D1 D1 0. nmi
D2 D2 - 0, nmi
R R 20. nmi
d’ DLIM 1 arc-min
V1 VSUBL 180 kt -
Vo VIAR 130 kt
- IACT 1
X XANG 180. deg
PL PL 1.0
PR PR 0.0
FL FOVL =120 deg

DEFINITION

Single-pilot B value before transition. . -
Single-pilet B value after transition.

Modified teu time for B transition
(time to closest approach).

Modified tau time for evaluation of PACQ -
(time to closest approach). -

Modified tau range parameter for B .

transition. - -

Modified tau range parameter for PACQ-
evaluation.

Visual range.

Resolution -1imit of human =eye.
Airspesd of subject aircraft.
Airspeed of target aircraft.

Aircraft type for target aircraft
(see table).

Crossing angle (relative heading).

Search intensity for pilot in left seat.
{0 = no pilot 1 = normal search)

Search intensity for pilot in right seat.
(0 = no pilot search, 1 = normal search)

Field-of~view cutoff on left side for
searching pilot in left seat (measured
positive clockwise from straight ahead).



TABLE 3.1

VARIABLES USED IN PROGRAM (CONT'D)

NOMINAL
NO. SYMBOL NAME VALUE DEFINITION
16 FR FOVR 90 deg Field—of~view cutoff on right side for
' searching pilot in left seat (measured
positive clockwise from straight ahead).
i7 r RDOT 380 ki* Range rate of target aircraft.
18 Ay AX 35 sq.ft.* Head-on visual area of target.
19 Ay AY 85 sq.ft.* Broadside visual area of target.
20 Ay AZ 260 sq.ft.* - Topside visual area of target.
21 A ARFA 35 sq.ft.* Final visual area of target.
22 Op THI , 0 deg* Bearing of target aircraft as seen from
subject aircraft.
23 8g TH2 0 deg* Bearing of subject aircraft as seen from
target alrcraft.
24 Ry RNGi 3.78 nmi* Range at which B transition occurs.
25 Ro RNG2 1.27 nmi* Range at which PACQ is evaluated.
26 Bp BEFO 17000* per Effective value of B before transitionm.
steradian-sec
7 Bt BEF1 i7000" per Effeciive vaiue of B after transition.
steradlan-sec '
28 P PACQ - Probability of visual acquisition.

*Value that is computed when all 16 input variables have nominal value.



ENCOUNTER DESCRIPTION

« The subject aircraft is flying at a speed of
180 knots. '

« The prevailing visual range is 20 nmi.

« There is one pilot in the Jeft seat and one in
the right seat. Normal visual acuity applics.

« The cockpit has a symmetric field-of-view.

Thepﬂotmﬂwleﬁseatcanseeallappmach
bearings from 8 o'clock around to 3 o'clock (i.e.,
from 120 degrees to the left of the nose of the
aircraft to 90 degrees to the right).

+ The pilots are unaware of the presence of
the target aircraft. Workload is low and pilots are
apﬂmgammalmownofeﬁmtonvisual

« A target aircraft begins to approach. Itisa
Piper PA-28 fiying on an unaccelerated collision
course.

« It is flying at a speed of 130 knots.

« It is on a head-on course (i.¢., its heading
d;ffersl))y 180 degrees from that of the subject

« The crew of the subject aircraft receives a
traffic advisory from their unit when the
rafﬁcispmjectedtobe@seoondsfrmnrcacl&ga
range of 0.3 nmi.

+ Both crew members then concentrate on
finding the indicated traffic.

« Visual search is considered to have failed
unlnt;;_sacquisiﬁonoocnrspriorto 12 seconds from
collision

CONCLUSIONS
+Vi=180kt

«R =20 nmi

«PL=10, PR=10,
DLIM = 1 arc-min

« FOVL = 120 deg, FOVR =90 deg

« BETO = 17000/ster-sec (the value for
unalerted search)

«JACT=1

+V2=130kt
» XANG = 180 deg

«T1=40sec, D1 =0.3sec

« BET1 = 130000/ster-sec (the
value for alerted search)

T2 = 12 sec, D2 = 0.0 nmi

Figure 3.2 Parameter Selection Example



(1) Input Variable BETO.

SEE1 allows the single-pilot value of model parameter B to transition
once from an early value to a final value., This is used to medel the effect
of receiving a traffic advisory. BETQ is the early value of B, prior to
receipt of any traffic advisory. See further description of the transition
1ogic in Section 4-2.60

(2) Imput Varisble BET!

This is the final value of 8 that applies after the tramsition event.
If it is set equal to BETO, then the timing of any transition does not
affect visual search. See further descripton in Section 4.2.6.

'(3) Input Variable Tl

The 8 transition occurs Tl seconds prior to the time the aircraft will

reach a range of Dl. See further discussion in Section 4.2.6.
(4) Input Variable T2

The probability of visual acquisition (PACQ) output by SEEl is the
cumylative probability of acquisition at T2 seconds prior to the target
aireraft reaching a range of D2 nautical miles. See further discussion in
Section 4.2.5.

(5) Input Variable DI

Dl is the range threshold criteria associated with the B tramsition.
It is used in conjunction with Tl to determine the time of P transition. See
further discussion in Section 4.2.6. :

(6) Input Variable D2

D2 is the range threshold criteria associated with the point at which
the probability of visual acquisition is to be evaluated. See further
discussion in Section 4.2.3.

(7) Input Variable R

R is the prevailing visual range (nmi) along the line of sight to the
target aircraft. This is the range at which any target, regardless of its
size and contrast, tends to become invisible to the human eye. It is defined
tachnically as the range at which the atmospheric conditions reduce the
contrast of a target to 5 per cent of its inherent (close range) contrast.
See Appendix A for a description of how R enters into the caleulation of

the acquisition rate.

10



(8) Input Variable DLIM

DLIM is the assumed resolution limit (in arc-min) of the human eye.
SEE] assigns a zero acquisition rate to targets beyond this limit. The
nominal value of DLIM is 1.0 arc-min. Normally, this variable has little
impact upon the caleculated PACQ values since most of the opportunity to
acquire a closing target comes after the subtended angle of the target has
become substantially larger than the resolution limit. See further

discussion in Section 4.2.7.

(9) Input Variable VSUB

VSUB is the airspeed of the subject aircraft. Note that SEEl does not
include a wind model, hence all variables are defined in the airmass
coordinate system.

VTAR is the airspeed of the target ailrcraft.
{11) Input Variable IACT

TACT is the index to target aircraft type as defined in the table of
aircraft types from file SEEAC (see Appendix C). For example, IACT=1
selects a PA-28 target; IACT=2 selects a Boeing 727 target.

Note that the type of the subject aircraft need not be defined, since
the physical size of the subject aircraft is irrelevant to its ability to
acquire the target. However, the speed of the subject aircraft (VSUB) is
needed to calculate the rate at which the target is closing upon the
subject.

A new aircraft type can be inserted at run time by simply typing "-1"
in place of a defined IACT value. SEEl will then ask for the name of the

natt afrnarafe type and for 1te thrae ?r{nninnl areas. AX. AY. and AZ (ge_g

ALNe V¥ Gl b Wk GRde 4 - WAl e R Tt e 7 S wER § e F a2 F

Section 4.2.3 for discussion of how the principal areas are used in the
calculations). A new alrcraft type defined in this way is temporary, and
will not be retained for use in subsequent sessions. In order to
permanently enter a new alrcraft type in the aircraft 1list, the aircraft
description must be entered in the disk file of aircraft types (SEEAC). Any
text editor that does not insert word-processing control codes into a text
file can be used for this purpose (see Appendix C).

For 2 new aireraft tvpe, values of the principal areas can be found by

Fo raft type, 8 the a
tracing the aircraft silhouettes onto a sheet of gridded graph paper,
counting the number of grid squares within each silhouette, and multiplying
the total by the number of square feet in a single grid square.

£
8
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(12) Input Variable XANG

XANG is the crossing angle (relative heading) of the target relative to
the subject aircraft in the airmass coordinate system. XANG=180°
corresponds to a head-on encounter. XANG=0° corresponds to one aircraft
overtaking the other from the six o'clock position. See Sectiomn 4.2.2 for

further discussion of XANG,
(13) Input Variable PL

PL is equal to 1 if there is a pilot in the left seat of the subject
aircraft. PL is equal to 0 if there is no pilot in this seat.

{14) Input Variable PR

PR is equal to 1 if there is a pilot in the right seat of the subject
aircraft. PR is equal to O i{f there is no pilot in this seat.

(13) Input Variable FOVL

FOVL is the bearing of the left-side visibility cut-off for the field-
of-view from the left seat of the subject aircraft. It is measured in
degrees clockwise from the nose of the aircraft (thus, FOVL~-120°
corresponds to the 8 o'clock bearing position). See Section 4.2.4 for
further description.

(16) Input Variable FOVR

FOVR is the bearing of the right-side visibility cut—off for the field-
of-view from the left seat of the subject aircraft. It is measured in
degrees clockwise from the nose of the aircraft (thus, FOVR=90°
corresponds to the 3 o'clock bearing position).

It should be noted that the field-of-view parameters (FOVL and FOVR) do

not change automatically as the aircraft type is changed. They must be set
independently if different values are desired because of different aircraft

types.

3.3 Steps in Generating a SEEl Analysis

Figure 3.3 provides a set-up form that can be used in assembling the
information required for a SEEl analysis. A guide to selection of values for
input variables can be found in Section 6. Figure 3.4 provides a summary of
the steps involved in generating a SEEl analysis.

12
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SEE1 SET-UP FORM

RUN TITLE DATE

NOTE

TARGET AIRCRAFT ;: IACT ____ (NAME AX AY AZ )
ROW VARIABLE MIN MAX STEPS

COLUMN VARIABLE

VALUES

BETO
( B prior to alert)

(17000/ster-sec)

BET1
( B after alert)

(17000/ster-sac)

T

(tau for alert) (40 sec)
T2

{tau for PACQ evaluation) {12 sec)
D1

{range parameter for alert) (0.0 nmi)
D2 , -
(range parameter for PACQ) (0.0 nnv) ’

INPUT VARIABLES:

R PL

(visual range) (20 nmi) (left seat pilot) (1.0)
DLIM PR
" {resolution limit of eye) (1.0 arc-min} (right seat pilot) (0.0)
VSUB FOVL !

(airspeed of subject AC) (180 ki) (left side FOV cut-off) (120 deg)

© VTAR FOVR

(airspeed of target AC) (130 ki) (right side FOV cut-off) (90 deq)
IACT

{target aircraft type) (1=PA28)

XANG

- {crossing angle) (180 deg)

Figure 3.3 Set-up form for SEE1 analysis.
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SEE1 ANALYSIS : STEP-BY-STEP

STEP 1 :

STEP 2:

STEP 3 :

STEP 4 :

STEP 5 :

STEP 6 :

Select values for the input variables STEP 7 : Select the target aircraft type from the

{complete a SEE1 set-up form). displayed list.
, Noto : i no type In the list Is satisfactory, then type "1~
insert diskette and type "SEE1" The program will then allow you to define a new type.
. . STEP 8 : Check the input variables displayed on the
gselt-r)‘catn:g)e row variable (by typing screen. If any is incorrect, type its name.

At the prompt, type the new value.
Specify the minimum, maximum,

and step size for the row variable. STEP 9 : If all input variables are correct, type CR.
v At the prompt, enter a note. The compu-

Select the column variable (by typing tations will then begin.

its name).

. STEP 10 :After the analysis, direct results to either
Type in the values for the the printer or the console display.
column variable {maximum of 8

: Nots : Results are also stored In text form In a disk file
different values).. SEE1.OUT. if you wish to save this file, you must exit SEE1
and rename the file prior to your next analysis.

Figure 3.4 Step-by-step instructions for generating a SEE1 analysis,



4. SEE1 ANALYSIS FROGRAM

This section provides a description of the computaticnal structure of
SEEl. . Although it is possibie to run SEEl without understanding this
gtructure, the interpretation of SEEl -outputs is ailded by familiarity with

the following material.

4,1 Basic Computational Structure of SEEl

SEEl employs a number of modules {subroutines) that, when called in the
proper order, compute a probability of visual aecquisition (PACQ) for a given
set of zearch conditions. The search conditions are defined in terms of the
set of 16 input variables shown earlier im Table 3.1. The:program must be
given -all 16 input.variables:in order to compute a single value of PACQ.  Each
variable has a nominal value that is employed unlegs the user inserts a
non-nominal value. -

The block inm Fig. 3.1 entitied "SEEl Computational Modules" consists
of seven component modules. A more detalled flowchart that shows these
modules is provided in Fig. 4.l. The 16 input variables are all shown in
this figure as external inputs to the modules in which they are uged. In
addition, 11 computed variables are shown as outputs of the modules in which
they are computed... These computed variables are listed in-Table 3.1.as :
variables. number 17-27.

One input variable is selected to be the row variable. It is stepped
from a minimum value (xmin) to a maximum value {xmax) with a constant-step
interval {xstep). The column variable is not: incremented in this way =-—
instead the user must type in the actual values to be useds A maximum of -

8 values is permitted. This limit is due to the limited amount of output that
can be placed in a single plot or in a single printed table.

Figure 4.2 is a flowchart that depicts the manner in which the loops that
control the output are nested.

4.2 Description of SEEl Modules

The computations carried out in each of the seven basic SEEl program
modules is described below. Each module corresponds to a single Pascal
procedure. A listing of the SEE]l code for the modules can be found in
Appendix C. ‘

4.2.1 Module l: Aircraft Type Look-up

Module 1 uses the aircraft type number, IACT, to determine various
characteristics of the target aircraft. Table 4.1 lists the aircraft types
that are provided in the disk file SEEAC.A00. Each aircraft type is
associated with an abbreviated name {e.g., PA28) and three numbers (AX, AY,
and AZ) that define the visual area of the aircraft as projected upon the
three principal coordinate planes (see Fig. 4.3). A new alrcraft type can
be created by assigning table values from the console.
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MODULE 1 A MODULE 3
._M_T__. LOOK UP SIZEOF COMPUTE VISUAL AFEA .
TARGET ARCRAFT AY AFEAOF TARGET
' | 2 —
ok _, MODULE 2 e o2 MODULE 5
VIAR SOLVE T2 COMPUTE RANGE | ___Jm
@o——n VELOCITY FORPACG
XANG VECTOR EVALUATION
. TRIANGLE
RODOT L o
o nomiLE 6
4 " NGt
T OOMPUTE RANGE AT —>
. B TRANSITION
T™T
S EEE—
o MODULE 4
BEFO >
o » DETERMINE
) FOWL EFFECTIVE BEF1
o=, VALUES
s ?
Figure 4.1 The seven basic FOVA R
computational modules of SEE1. There —_— ¢—
are 16 input variabies, 11 internal e — oLIM
variables, and one output variable LN | o—-|
(PACQ). _

MODULE 7




&)

» Next Column Note: Column variable may

Value have up to 8 values.

—g Next Row Value

Note: Row variable is
stepped according to
l_ specified minimum,:

maximum, and step size.

Call Module 1
- Call Module 2
- Call Module 3
Call Module 4
~Cali Module 5
Call Mudule 6
- Call Module 7

l Neote: PACQ s the subject's -
~ Store PACQ ~ cumulative probability of
in table : visual acquisition. for this -
row and column.

no yes

columns

generated?

Figure 4.2 Loops controlling table output for SEE1.
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TABLE 4.1

AIRCRAFT TYPES USED IN SEEl

IACT ATIRCRAFT TYPE

i Fiper FA-28

2 Boeing 727

3 Boeing 747

4 McDonnell-Douglas DC9
5 Cessna 421

6 U-21 (King Air)

7 F-18

AX AY AZ
NAME (sq. ft.) (sq. ft.) (sq. ft.)
PA2B 35 85 260
B727 400 1900 3io00
B747 1200 5700 2300
DcY 300 1425 2325
C421 8l 171 417
u21 127 267 600
F18 50 280 540

{Note: New alrcraft types can be created by editing the SEEAC file.
See Appendix B for further information.)

18



A , above area Ay , head-on area

>

Ay , broadside area

Figure 4.3 Principal target areas used to compute the visual area
of the target aircraft as seen from the subject aircraft.
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4.2.2 Module 2: Solving the Velocity Vector Iriangle

From a knowledge of the aircraft airspeeds and the crossing angle,
Module 2 solves the velocity vector triangle (Fig. 4.4) to determine the
approach bearings and range rate. This solution assumes that the alrcraft are
on & rectilinear collision course and hence that the horizontal miss distance
is zero. For these conditioms, the values of the range rate (RDOT) and the
approach bearings (THS and THT) are constant. ‘

Approach bearings are measured positive clockwise from straight ahead and
are expressed as a number between -180 degrees and +180 degrees. - The crossing
angle, XANG, is simply the relative heading formed by subtracting the heading
of the target aircraft from the heading of the subject aircraft. The simple
trigonometric formula that relates the approach bearings and the crossing
angle is

XANG = 180° + THS -~ THT

The approach bearing for the target aircraft (THT) 1is important since it
determines the visual area that will be seen from the subject aircraft (see
discussion in 4.2.3). The approach bearing for the subject (THS) is used in
Module 4 to determine whether or not the target is within the cockpit
field-of~view.

4.,2.3 Module 3: Computing the Visual Area of the Target

The visual area of the target is computed by projecting the principal
visual areas AX and AY onto a plane that is normal to the line~of-sight
between the two aircraft. This plane i1s at an angle THT with respect to the
Y-Z plane for the target aircraft. An approximate correction for shielding 1s
applied by assuming that the actual visual area is the largest of the
projections of AX and AY plus one-third of the smallest projection (see
Reference 2). This approximation is errorless when the aircraft is viewed
along one of the principal axes. Because Module 3 assumes that the
line~of-sight lies within the X~Y plane, the topside area, AZ, is not allowed
to contribute to the target visual area. This is normally a good assumption,
but can result in underestimation of the visual area if the pitch angle of the
aircraft is large. AZ 1s defined in the module to allow for future extension
of the software. '

4,2.4 Module 4: Determining the Effective Values of B

Module 4 examines cockpit visibility and crew complement in order to
determine their effect upon search effectiveness. It does so by taking the
nominal single-pilot B values and summing them to produce effective 8
values. For a single pilot devoting normal effort to visual search, the
value of B before and after the transition event (see 4,2.6) are represented
by parameters BETO and BET1. Module 4 computes two corresponding effective
B values, BEF0 and BEFl, by summing the B values for each pilot who is able to
contribute to visual search.

20



]

]

1

[ |

]
VTAR 'S

vsuB
Y THT

TARGET RDOT

AIRCRAFT . THS

!l.

SUBJECT
AIRCRAFT

Figure 4.4 The velocity vector triangle is solved in Module 2 in
order to determine the closing rate and the bearings of approach.
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The fiéldwof“view of the cockpit is determined by the variables FOVL and
FOVR (see Fig. 4.5). It is assumed that the cockpit visibility is symmetric
and that there is no cut-off in elevation (normally true for targets on

collision courses). When the target is outside the field-of-view, the
effective B value 18 set to zero.

By setting PL and PR, the user specifies the number of pilots that
contribute to search for both left and right visibility limits. WNormally PL
and PR are either zero (no pilot in the seat) or unity (single pilot in seat
and searching normally). It is possible to use a value between O and 1 to
represent a pilot who is present, but is devoting less than the normal amount
of time to visual search. Or a value greater than 1 can be used to represent

search by an additional crew member.

For the nominal input values given in Table 3.1, it is assumed that a
single pilot is searching from the left seat of the aircraft (PL=1.0, PR=0.0).
For the nominal values of crossing angle (XANG=180 degrees), the intruder is

PRl At Y memwww we WRLTTR[SILIE SIipaT LA

always within the field of view. Thus for the nominal input values, BEFO=BETO
and BEF1=BET].

4.2.5 Module 5: Determining the Range of Evaluation

The cumulative probability of visual acquisition, PACQ, depends upon the
range, RNG2, at which PACQ is to be evaluated. Often it is desirable to set
this range to the latest point at which sufficient time exists for evasive

action. Then PACQ will represent the probabllity of visual acquisition with

sufficient lead time for avoidance.

RNG2 is computed using & modified tau criterion based upon two input
parameters D2 and R2:

RNG2 = D2 -~ RDOT*T2

From this equation it can be seen that RNG2Z is reached when the target
is T2 seconds from reaching a range of D2. With this formulation, RNGZ can
be determined as either a constant range, a constant time-to=collision, or a
modified tau criterion. For example, if T2=0, then the equation ylelds a
simple range criteria for which PACQ is evaluated at range DZ. If D2=(,
then a simple time criteria results in which PACQ is evaluated when T2

seconds remain before collisjion. If neither T2 nor D2 are zero, then a
modified tau criterion results.

4.2.6 Module 6: Determiningrthe Réngg of 8 Transition

In a particular scenario, the nominal value of 8 for a single pilot may
be altered by an event such as the receipt of a traffic advisory. SEEl allows

the nominal single-pilot value of B to transition from one value to another at
a nradefined noint during the encounter. The initial wvalue of 8 ia BET(Q.

PR uUh Rl PRl W R mARE S AR ARaL e A & A

After the transition, the value of B is BET1 (see Fig. 4.6). The range at
which transition occurs is RNGl., It is computed using a modified tau
criterion involving the two input parameters Dl and Ki:
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[VISIBLE FROM §
ILEFT AND RIGHT

<

N 7

FOVL -FOVL

-FOVR FOVR

Fi 4.5 Cockpit field-of-view model for visual search from left and
right seats in cockpit. FOVL and FOVR are the bearing angles (in degrees
clockwise from 12 o'clock) at which the field-of-view terminates for a pilot

in the left seat.
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BETA A

(SINGLE
PILOT) PACQ evaluated Alert occurs at
at range R2 range R1

I
. l
i H Target exceeds

BET1 : resolution limit of
: eye at range RLIM
, |

1

BETO = H I
: ]
I 1
| I
I 1
- |
! 1

" >

| |
R2 R1 aLm  RANGE

Figure 4.6 In SEE], the effective value of beta for a single pilot is either
zero, BETO, or BET1. The transition from zero to BET0 occurs at range
RLIM (the resolution limit of the eye). The transition to BET1 occurs at
the range at which a traffic alert is received.
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RNG1 = D1 - RDOT#T1

The transition occurs when the target is Tl seconds from reaching a
range Dl. Note that if Tl=0, then a simple range criterion results. If D1=0,
then a simple time-to—collision criterion results. '

If the application of interest does not require a transition, the
transition is easily avoided by setting BET1 equal to BETO. The settings of
Dl and Tl then have no effect upon the computations (because the values of B
are unchanged by reaching the transition point).

4.2.7 Module 7: Computing the Cumulative Probabllity of Acquisition

PACQ

Module 7 is the final module that actually computes the probability of
visual acquisition, PACQ. It requires 8 inputs as shown in Fig. 4.1l.

Module 7 assumes that the acquisition rate drops immediately to zero when
the target is beyond a range, RLIM, corresponding to the resolution limit of
the human eye. RLIM is defined as follows: First, DLIM, AREA, and RDOT are
used to compute the range at which the solid angle subtended by the target
equals that of a circle with diameter DLIM. This range is given by the
formula

1.1284*SQRT(AREA)/DLIM

where DLIM is in radians. Then, if this range is greater than R, the visual
range, it 1g reduced to R. The net result is

RLIM = minimum [1.1284%SQRT(AREA)/DLIM, R]

A more sophisticated model for RLIM could be constructed, but in most
analyses, only a tiny fraction of the opportunity for visuval acquisitiomn
occurs before the target is well within visual range and well above the
resolution threshold. Hence, the details of the model in this regard are
normally of little consequerce.

Note that if RLIM is less than ENGl, then 8 will already have
transitioned to BETl before the target is close enough to be seen. 1In this
case, the value of BETO has no affect upon the calculations.

4,3 SEEl Analysis Results

Examples of SEEl output for some typlcal cases are provided in this
section.

Figure 4.7 contains SEEl output in which T2, the time of evaluation,
is the row variable. Because D2=0, T2 is the time to projected collision.
The analysis shows how the cumulative probability of visual acquisition
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SEE1 VISUAL ACQUISITION ANALYSIS
| NOTE :Example. :
SEE1.PAS {Version A0ld)

InFNam= G:SEEISET.ACGD - VFNam= G:SEEVAK.AQGO
’ ACFNanp= G:SEEAC.A00 Out¥Nam= G:SEE1,OUT
INITIAL VALUES OF INPUT VARIABLES:
BETO 17000.0 R 2,00*% PL 1.00
BET! 17000.0 DLIM 1.00 PR 0.00
T1 180.0 VSUB 180.0 FOVL -120.00
T2 6.00% VTAR 130.0 FOVR _ 90.0
D1 0.00 IACT 1,00
D2 0.00 XANG i80.0

* = yalue on first iteration

ROW VARIABLE:

T2 is varied from 6.00 to 60.0 in steps of 6. 00
COLUMN VARIABLE :
R assumes values 2.00 3.00 5.00 15.00

30.00 9999.00

Target aircraft is PA28
AX= 35,0 sq ft A¥Y= 85,0 gq ft AZ= 260,0 sq £t AREA= 35,0 gq ft
RDOT= -310.0 kt  THI» ~0.0 deg THS= 0.0 deg

PACQ TABLE :
TABLE QF PACQ VALUES
R
2,00 3.00 5.00 15.00 30.00 9999,.00
T2 i

6.0 ~0.0720 0.1082 0.1525 0,2204 0.2430 0,2684
12.0  0.0113 0.0247 00,0461 0.0878 0.1039 0.1232
18.0 0.0020 D0.0076 O.0I1R& 0.0439 0.0549 0.0687
24,0 * 0.0025 0,0082 0,0235 0.0307 0,0401
30.0 * 0.0006 0.0036 0.0123 0.0167 00,0226
36.0 * % 0.0014 0.0055 0.0077 0.0108
42.0 * * 0.0002 00,0011 0.0015 00,0022

48.0 * * * % ® %

54,0 * * * * * *

60.0 * * * * * *
0.0085 0.N144 0.0230 0.0394 0.0458 0.0536

2
o
“

S W e - e o

#—k-k~# END OF ANALYSIS ‘e~it—k—%

Figure 4.7. SEEl Analysis Results. A PA28 target
aircraft flying at 130 knots approaches in a head-on
geometry. The visual range 1is varied from 2 to 9999 nmi
(the latter value representing unlimited visual range).
The probability of visual acquisition is evaluated at

*imaa €ram A +n AN gosaande nerdar +#a snlidedfan.
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‘groﬁs as thé aircraft approach each other. Visual range, R, 1s the column
variable. Six values are chosen. The value of 9999 nmi was used to
approximate a perfectly clear atmosphere. All variables other than T2 and R

have the nominal values.

For cases in which the target aircraft is outside the fleld—of-view of
all crew members, SEE] will write "xfov" in the table instead of “0.0000".
This serves to explain the reason for zero probabilities that may appear

unexpectedly.

It can be seen from the table that if the’visual range were only 3 nmi,

then the predicted probability of visual acquisition at 12 seconds to
collision would be only 2.47 percent. For a perfectly clear day, the _
probability would increase to only 12.32 percent. Thus, visual acquisition is
very difficult for the defined encounter conditiomns.

Figure 4.8 is a similar analysis, but the target aircraft is now a Boeing
727 flying at 240 knots. The closing rate increases by 60 knots, but because
the target is so much larger, it is easler to acquire. The probability of
visual acquisition for a perfectly clear day 1s now 63 percent at 12 seconds
to collision.

Figure 4.9 is a SEEl analysis in which the row variable is the crossing
angle (XANG). The PACQ table shows that the crossing angle can have an
important impact upon the probablility of visual acquisition.

Additional examples of SEEl analyses are provided in Figs. 4.10 through
4.12,
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SEE1 VISUAL ACQUISITION ANALYSIS
NOTE :Sample SEEl output.
SEE1.PAS (Version AQld)

InFNam= G:SEE1SET.A00 ~ VFNam= G:SEEVAR.AQ0
ACFNap= G: SEEAC.AQ0 OQutFNam= G:SEEl.OUT
INITIAL VALUES OF INPUT VARIABLES:
BETO 17000.0 - R 2.00* PL 1.00
BET1 17000.0 DLIM 1.00 PR 0.00
Tl 180.0 VSUB 180.0 FOVL -120,00
T2 6.00% VTAR 240.0 FOVR 90.0
Dl 0.00 IACT 2.00
D2 0.00 XANG 180.0
* = yaglue on first iteration
ROW VARIABLE:
T2 1ig varied from 6.00 to 60.0 in steps of 6.00
COLUMN VARIABIE :
R agsumes values 2.00 3.00 5.00 15,00
30.00 9999.00
Target aircraft is B727
AX= 400.0 sq ft AY=1900.0 sq ft AZ=3100.0 sq ft AREA= 400,0 sq it
RDOT= -420.0 kt THT= ~0.0 deg THS= 0.0 deg
PACQ TABLE :
TABLE OF PACQ VALUES
R .
2.00 . 3.00 5,00 15,00 306.00 9999.00
T2
6.0 0.2617 0.4085 0.5703 0.7719 0.8265 0.8812
12.0 0.0285 0.0854 0.189%4 0.4220 0.5170 0.6332
18.0 * 0.0191 0.0709 00,2445 0.3367 0.4660
- 24.0 * 0.0021 0.0286 0.,1515 0,2312 0.3556
30.0 % * 0.0115 0,0986 0.1650 (0.2788
36.0 * * 0.003% 0.0665 0.,1210 0.2226
42.0 * * 0.0003 0.0460 0,0905 0.1797
48.0 * * * 0.0324 0.0685 0.1461
54.0 * * * 0.0231 0.0522 0.1189
60.0 * % * 0.0167 0.0399 0.0966
avg. "0.0290 0.0515 0.0875 0.1873 0.2449 0.3379

*—%—#-% END OF ANALYSIS ®—#—hk

Figure 4.8.

SEEl Analysis Results.
flying at 240 knots approaches in a head~on geometry.
visual range is varied from 2 to 9999 nmi (the latter

A B727 target aircraft

value representing unlimited visual range).
probability of visual acquisition is evaluated at times
from 6 to 60 seconds prior to collision.
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SEE1 VISUAL ACQUISITION ANALYSIS
NOTE :S8ample SEEl output.
SEE1.PAS (Version AOld)

InFNam= G:SEE1SET.AQ0Q VFNam= G:SEEVAR,AQC .
ACFNam= G:SEEAC.AQOQ OutFNam= G:SEELl.OUT
INITIAL VALUES OF INPUT VARIABLES:
BETO 17006.0 R 2, 00* PL
BETI1 17000.0 DLIM 1.00 PR
T1 180.0 VSUB 180.0 FOVL
T2 12,0 VTAR 130.0 FOVR
D1 0.00 IACT 1.00
D2 0.00 XANG 0.00*

* = yalue on first iteration

ROW VARIABLE:

XANG is varied from 0.00 to 180.0 in.steps of 30.00
COLUMN VARIABLE :
R assumes values 2,00 3.00 5.00 15,00

30.00 9999.00
Target aircraft is PA28 ,
AX= 35,0 sq ft AY= 85.0 sq ft AZ= 260.0 sq ft
PACQ TABLE :

TABLE OF PACQ VALUES

2.00 3.00 5.00 15.00 30.00 9999.00

XANG
0.0 0.9726 0,9863 0.9934 0.9975 0.9982 0,9987
30,0 0.8089 0.8895 0.9415 0.9780 0.9843 0.9895
60.0 0,2754 0.3934 0.5205 0.6816 0.7271 0.7739
90.0 0,0895 0.1536 0.2397 0.3808 0.4292 0.484]
120.¢6 0.0338 00,0659 0,1148 0.2051 0.2389 0.2792
150.0 0,0157 0,0332 0.0611 0.1153 0,1361 0.1612
180.0 0,0113 0,0247 0,0461 0.0878 0.1039 0,1232

avg. 0.3153  0,3638 0.4167 0.4923 0,5168  0.5443
#—kk—% END OF ANALYSIS *—k—kwk

Figure 4.9, SEEl Analysis for Varying Crossing Angle

1.00
0.00
-120,00
90.0

(XANG). The subject aircraft is flying at 180 knots. A

PA-28 target aircraft flying at 130 knots approsaches at
angles from 0 (subject overtakes) to 180 degrees
{head~on). The visual range is varied from 2 to 9999
nmi (the latter value representing unlimited visual
range). The probability of visual acquisition is
evaluated at 12 seconds prior to collision.
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SEE] VISUAL ACQUISITION ANALYSIS
SEE1.PAS Version AO03

_ InFNam= G:SEE1IN.AQO
ACFNam= G:SEEAC.A00

INITIAL VALUES OF INPUT VARIABLES:
17000.0
17600.0

180.0

BETO
BET1
T1
T2
Dl
D2

ROW VARIABLE:
COLUMN VARIABLE: R

12.0
0.00
0.00

R
DLIM .
VSUB
VIAR
IACT
XANG

XANG is varied from
assumes values:

Target airecraft is B727
AX= 400.0 sq ft

XANG
0.00
30.00
60.00
90.00
120.00
150,00
180.00

avg.

2.00

1.0000
1.0000
0.9884
0.6530
0.2872
G.1129
0.0632

0. 5864

2.00%
1.00
180.0
180.0
2.00
0.00*

AY=1900,0 sq ft

VFNam= G:SEEVAR.A00
OutFNam= G:SEE,OUT

PL
PR
FOVL
FOVR

* = initf{al value (before iteration)

TABLE OF PACQ VALUES

R
3.00

1.0000
1. 0000
0.9993
0. 8683
0. 5255
0.2523
0.1516

0.6833

kokek=t END OF ANALYSIS H-k—k-

Figure 4.10.

(XANG).
degrees (head~on).

range).

1.00
0.00

~-120.00
90.90

0.00 to  180.0 in steps of  30.00
2,00 3.00 5.00 15.00 30.00 9999
AZ=3100.0 sq ft

5.00 15,00 30.00 9999, 00
1. 0000 1. 0000 1.0000 1.0000
1.0000 1.0000 1.0000 1.0000
1.0000 1. 0000 1.0000 1.0000
0.9708 0,9988 0.9997 1.0000
0.7627 0, 9539 0.9796 0.9943
0. 4504 0.7459 0.8282 0.9060
0.2925 0, 5546 0.6471 0.7508
0.7823 0, 8933 0.9221 0. 9501

30

SEE]l Analysis for Varying Crossing Angle
A B727 target aircraft flying at 180 knots
approaches at angles from 0 (subject overtakes) to 180
The visual range is varied from 2 to
9999 nmi (the latter value representing unlimited visual
The probability of visual acquisition is
evaluated at 12 seconds prior to collision.



'SEE1 VISUAL ACQUISITION ANALYSIS
NOTE :Sample analysis.
SEE1.PAS Version AO3

InFNam= G:SEE1IN,A0Q VFNam= G:SEEVAR.AQO
ACFNam= G:SEEAC.A00Q OutFNam= G:SEE.OUT
INITIAL VALUES OF INPUT VARIABLES:
BETO 17000.0 R : © 2.00% PL 1.00
BET! 17000.0 DLIM 1.00 PR 0.00
Tl 180.0 VSUB 130.0 FOVL, ~120.00
T2 12.0 VTAR 130.0 FOVR 90.0
Dl 0.00 TACT 1.00
D2 0.00 XANG 0. 00%

* = initial value (before lteration)

ROW VARIABLE: YANG is varied from 0,00 to 180.0 in steps of  30.00
COLUMN VARTAELE: R assumes values : 2.00 3.00 5.00 15.00 30.00 9999

Target aircraft is PA28
AX= 35,0 sq ft AY= 85,0 sq ft AZ= 260.0 sq ft

TABLE OF PACQ VALUES

R
2.00 3.00 5. 00 15.00 30.00 9999. 00

XANG

0.00 1. 0000 1.G000 1.0000 1.0000 1.0000 1.0000
30.00 0.9831 0.9939 0.9980 0.9996 0.9998 0. 9999
60.00 0. 4459 0.5746 0.6942 0.8221 0.8538 0.8845
90.00 0. 1525 0.2367 0.3392 0.4891 0.5367  0.5887
120.00 0.0600 0.1048 0.1670 0.2716 0. 3085 0.3509
150.00 0.0314 0.0589 0.0990 0.1706 0.1967 = 0.2274
180.00 0.0234 0.0449  0.0767 0.1341 0.1552 0.1799

avg. 0. 3852 0.4305 10,4820 0.5553 0.5787 0. 6045

%-%-%—% END OF ANALYSIS *—k—#—

Figure 4.1i. SEE1 Analysis for Varying Crossing Angle
(XANG). The subject aircraft is flying at 130 knots. A
PA-28 target aircraft flying at 130 knots approaches at
erossing angles from 0 to 180 degrees (head-on). The
visual range is varied from 2 to 9999 nmi (the latter
value representing unlimited visual range). The
probability of visual acquisition is evaluated at

12 geconrds priocr to eollision.
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SEE1 VISUAL ACQUISITION ANALYSIS
SEE1l.PAS Version AO03

InFNam= G:SEE1IN.AQ0 " YFNam= G:SEEVAR.A00
| ACFNam= G:SEEAC.A0D OutFiam=~ G:SEE.OUT

INITIAL VALUES OF INPUT VARIABLES:

BETO 17000.0 R 2,00% PL 1.00
BET1 17000, 0* DLIM 1.00 PR 0.00
T1 180.0 VSUB 180.0 FOVL -~120.00
T2 12.0 VIAR 130.0 FOVR 90.0
Dl 0.00 IACT 1.00
D2 0.00 XANG 90.0

# = {nitial value {(before iteration)

ROW VARIABLE: BET1 is varied from 17000.00 to 136000.0 in steps of 17000.00
COLUMN VARIABLE : R assumes values : 2.00 3,00 5.00 15.00 30.00 9999
Target aircraft is PA28
AX= 35,0 sq ft AY= 85.0 sq ft AZ= 260.0 sq ft AREA= 75.7 sq ft
RDOT= -222.0 kt THT= -35.8 deg  THS= 54.2 deg

TABLE OF
- |
2.00 3.00 3.00 15.00 30.00 9999.00

BET1
17000.00 0.0895 0.1536 0.2397 ° 0.3808 0.4292 0.4841
34000,00 0.1710 0.2835 0.4220 0.6166 0.6742 0.7339
31000.00 0.2452 0.3936 0. 5606 0.7626 0.8140 0.8627
68000.00 0.3127 0.4867 0.6659 0.8530 0.8938 0.9292
85000.00 0.3742 0.5655 0.7460 0.9090 0.9394 0.9635
102000, 00 0.4302 0.6322 0. 8069 0.9436 0.9654 0.9811
119000.00 0.4812 0.6887 0.8532 0.9651 0.9803 0.9903
136000, 00 0.5277 0.7365 0.8884 0.9784 0, 9887 0.9950

avge 0.3290 0.4925 0.6478 0.8011 0.8356 0.8675

*ok-d~k END QF ANALYSIS *—%—t-%

Figure 4.12. SEEl Analysis for Varying BET1l. A PA-28
targetr alrcraft flying at 130 knote approaches at a
crossing angle of 90 degrees. The visual range is varied
from 2 to 9999 nmi (the latter value representing
unlimited visual range). The probability of visual
acquisition is evaluated at 12 seconds prior to
collision.
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'5, SEE2 ANALYSIS PROGRAM

5.1 Equivalency 4dnalysis

The visual ascquisition model can be used to determine the maximum
aircraft speed at which a standard level of visual acquisition performance can
be achieved. One use of such an analysis might be to determine the extent to
which waivers from normal speed limits are justified in a particular
situation. There are two possible approaches to establishing a maximum speed.
The first is to impose an absolute requirement on the achieved probability of
visual acquisition (PACQ). If this approach is used, then the program SEE1
can be used to determine the maximum speed. A second approach, known as
equivalency analysis, requires that the PACQ value be equivalent to that of
reference pair of aircraft flying in the same airspace. The absolute value of
PACQ is not fixed. As will be explained below, equivalency analysis has
certain advantages. A special program, SEE2, has been written to assist in
equivalency analysis.

1]

One difficulty with the use of an absolute PACQ criterion is the need to
justify the value of PACQ that is to be required. A reasonable standard would
be the value of PACQ that results from compliance with normal federal
- regulations and practices. However, this value varies greatly with aircraft
speeds, approach geometry, and visual range. The PACQ that is attained under
worst case legal flight conditions (two aircraft flying at the speed limit,
approaching head-on, with barely legal VFR visual range) appears to be too low
to serve as a suitable standard. A more reasonable standard could be the
typical PACQ value resulting from existing regulations. But the averaging
procedure used to find the typical value then becomes an issue. Furthermore,
the use of an absolute standard requires that the selected values of all input
variables be accurate in an absolute sense. Absolute values may not be known
for the traffic environment of interest. (For example, PACQ is affected by
the visual range that exists. If the visual range in the airspace where the
waiver will apply is uncertain, then the PACQ value that results from a given

airspeed will be uncertain.)

When equivalency analysis is applied, the see—and-avoid performance of
the subject aircraft against a typical target is compared to the performance
of a reference pailr of aireraft flying under identical flight conditions. The
speed of the subject aircraft is altered until the see—and-avoid performance
for the pair involving the subject equals the see-and—avoid performance of the
reference pair. The principal output of the program is then the value of the
speed required to produce equivalent confidence in visual acquisition.

The advantage of equivalency analysis lies in its insensitivity to the
exact values of many input variables. This insensitivity exists because many
of the input variables affect the reference pair and the subject pair
similarly. {(For example, each pair is assumed to be subjected to the same
neterological conditions, hence changes in visual range tend to have minimal

effect upon the relative performance of the two pairs.)

33



For SEE2, the nominal reference pair cousists of two single—engine
general aviation aircraft flying under vigual flight rules. SEE2 considers
visual acquisition to be successful if either aircraft of a pair acquires
successfully.

5.2 Input Data for SEE2 Analysis

Input specification for a SEE2 analysis is more involved than for a SEEL
analysis because two pairs of aircraft must be specified. The input data for
SEE2 resides in an input text file. SEE2 reads this file to initialize the
analysis. The input file can be altered using an ordinary text editor.

firat line 18

Figure 5.1 is a listing of a typical SEEZ imput fils. The
a file header that. can be any string of alphanumeric characters. The second
is a title line for the analysis. The third line defines the row variable in
terms of its name, index number, minimum, maximum, and step size. The sixth
14ne defines the minimum and maximum speeds that the subject aircraft will be
allowed to assume. (If no equivalency can be found within these limits, a
failure to converge is declared.) This line also defines the precistion (in
knots) required to halt equivalency iteration (in this example, 0.01 knots).
The next line is a heading line. The next 16 lines contain a table that
defines the input variables for all four aircraft {two pairs). The values in
the first two columns are redundant, since the reference pair must consist of
two identical aircraft.

SEE2 uges the

same table of aircraft types as SEEl,

5.3 Computational Structure of SEE2

A flowchart of the basic structure of SEE2 is provided in Fig. 5.2. A
listing for SEE2Z is provided in Appendix C. Most of the basic SEEI
computational modules described previously in section 4 are employed in SEE2.
A row variable is stepped between defined limits to generate a set of speed
limits. For each value of the row variable, the probability of acquisition is
first computed for the reference pair. It is possible that equivalency cannot

be achieved. 1In such a case, no value is generated for that value of the row
variable.

The pair calculation assumes that PACQ for each aircraft is statistically
independent. If pj4 is the probability of successful acquisition for aircrait
i searching for aircraft j, then equivalency exists when

(1=-p12){1-p21) = (1-p34)(1-p43)

In this equation, the left side represents the probability of acquisition
failure for the reference pair. The right side represents the probability of
acquisition failure for the subject pair.
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DATA FILE: g:SEE2,84 Version ¢

Saiiple Analysis-

BET1 2 17000. 136000, 17000. -

0. 1500.c 0,01 { yii, yul stopitt }.
{VARIABLE = REF ACI REF AC2. REF AC3 SUB AC4}

BETO 17000 - - 17000 17000 17000
BET] 17800 17000 -~ 17000 . 17000
Tl 180.0 180.0 180.0 180.0
T2 12,0 12.0 12,0 12,0
D1 0.0 0.0 0.0 0.0
n2 0.0 0.0 0.0 0.0
DLIM 1.0 1.0 1.0 1.0
vsuR 130.0 139.0 . 130.0 130.0
VTAR 130.06 . 130.0 - 130,0 130,0
IACT 1- 1- 1 1
XANG . 180.0 180,0° 180.0 180.0
PL 1.0 1.0 1.0 1.0
PR 0.0 0.0 0.0 0.0
FOVL -120 -120 -120 -120-
FOVR 90 - 90 90 - 90

Figul‘e Se 1-

Input Data File
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no

&

Set up data

Y

Next Row Variable Value

Y

Find PACQ for reference
pair of aircraft

v

Find PACQ for subject pair
of aircraft.

Are
PACQ values
equal?

yes

Store computed speed of
subject AC in table.

generated

Note:; Here PACC is the
probability that elther
alrcraft acquires,

Alter
speed of
subject AC

Noto: If this iteration falls to
converge, SEE2 will note that
fact and continue with the next
column value.

Figure 5.2 Loops controlling output for SEE2,
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5.4 Examples of SEEZ Qutput

Figures 5.3 and 5.4 provide examples of SEE2 output. In Fig. 5.3, the
combined visual acquisition probability must be 0.2676, It is seen that
increasing BET1 by a factor of 7 (from 17000 to 136000) allows the subject
aircraft to increase its speed from 130 kt to 330 kt while maintaining an
equivalent level of safety. Note that at 130 knots, each aireraft in the pair
has an equal probability of acquiring (p=0.1442) while at 330 kt, the primary
responsibility for visual acquisition must rest with the subject (who has
probability 0.2418 compared to only 0.03402 for the target).

In Pig. 5.4, a similar analysis is run for a reference crossing angle of
90 degrees. Note that even though the reference acquisition probability has
increased by almost a factor of three (from 0.2676 to 0.7622), the equivalent
speeds do not change dramatically. This demonstrates the insensitivity of the
equivalency analysis to the details of the environmental conditions.
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ek~ SEE2 VISUAL ACQUISITION ANALYSIS #*—%—k-%
SEE2 VERSION: G:8/3b/87
INPUT DATA SET NAME: G:SEEIN,ADD
INPUT DATA SET TITLE: Sample Analysis

SetFNam=G:SEE2.S4 VFNam =G:SEEVAR.AQ00Q
ACFNam=G:SEEAC.AQ0 OutFNam=G:SEE.OUT
INITIAL VALUES OF INPUT VARIABLES:
- REFERENCE PAIR - DUMMY SUBJECT
AC1 AC2 AC3 AC4

BETO 17000 17000 17000 17000
BET1 — L — — — ROW VARIABLE
T1 180.0 180.0 180.0 180.0
T2 12.0 12.0 12.0 12.0
Dl 0.00 0,00 0.900 0.00
D2 : 0.00 0.00 0.00 0.00
R 20.0 20.0 20.0 20.0
DLIM 1.00 1.00 1.00 1,00
VSUB — ——— — —— FLOATING VARIABLE
VTAR 130.0 130.0 130.0 130.0
TACT 1 1 1 1
XANG 180.0 180.0 180.0 180.0
PL 1.0 1.0 1.0 1.0
PR 0.0 0.0 0.0 0.0
FOVL -120 =120 -120 =120
FOVR 90 90 90 90

ROW VARIABLE: BETl varies from 17000.00 to 136000.0 in steps of 17000.00
FLOATING VARIABLE: VSUB (between limits of 1.00 and 1500.00)

AIRCRAFT TYPES: :
ACID TYPE AX AY AZ

ACl 1 PA28 35.0 85.0 260.0
AC2 1 PA28 35.0 85.0 260.0
AC3 1 PA28 35.0 85.0 260.0
AC4 1 PA28 35.0 85.0 260.0
------ OUTPUT TABLE = =« — = = - =
BET1 VSUB pacqref  pacq3 pacqé

<< 17000.000 130.00 0.2676 0.1442 0.1442 >>
<< 34000.000 175.91 0.2676 0,0986 0.1875 >>
<< 51000.9000 2i2.11 0.2676 0.0749 0.2083 >>
<< 68000.000 242.26 0.2676 0.0604  0.2205 >>
<< 85000.000 268.23 0.2676 0.0506 0.2286 >>
<< 102000.000 291,11 0.2676 0.0435 0.2343 >>
<< 119000.G00 311.58 0.2676 0.0382 0.2385 >
<< 136000.000 330.12 0.2676 0.0340 0.2418 >>

k-k—k-% END QF SEE2 ANALYSIS #~%-k-%

Figure 5.3. SEE2 Output for Data Set Shown in Figure 5.l.
The allowable speed of the subject alrcraft increases as
BET1 for the subject is increased from 17000 to 136000

(a factor of 7).
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*—k-%~% SEE2 VISUAL ACQUISITION ANALYSIS F—tdtk—k
SEE2 VERSION: G:8/3b/87
INPUT DATA SET NAME: G:SEEIN.A0Q
INPUT DATA SET TITLE: Sample Analysis

P ritd A

SetFNam=G: SEE2, 54 VPNam =C:SEEVAR.AO0O
[ ACPNam=G: SEEAC.AQ0 . QutFNam=G:SEE.OUT
INITIAL VALUES OF INPUT VARIABLES:
~ REFERENCE PAIR -~ DUMMY SUBJECT
ACl AC2 AC3 AC4

BETO 17000 17000 17000 17000
BET1 —— ——— ————— ——— ROW VARIABLE
Tl 180.0 180.0 180.0 180.0
T2 12.0 12,0 i2.0 12.0
Dl 0.00 0.00 0.00 0.00
D2 0.00 0.00 0.00 0.00
R 20.0 20.0 20.0 20.0
DLIM 1.00 1.00 1.00 1.00
VSUB ——— ————— — —e FLOATING VARIABLE
VTAR 130.0 130.0 130.0 130.0
IACT 1 1 1 i
XANG 90.0 90,0 90.0 90.0
PL 1.0 1.0 i.0 i.0
PR 0.0 0.0 0.0 0.0
FOVL -120 =120 -120 ~-120
FOVR 90 90 90 90

ROW VARIABLE: BETl varies from 17000.00 to 136000.0 in steps of 17000.00
FLOATING VARIABLE: VSUB (between limits of 1.00 and 1500,00)

AIRCRAFT TYPES:

ACID TYPE AX AY AZ
ACl 1 PA28 35.0 85.0 260,0
AC2 1 PA28 35.0 85.0 260.0
AC3 1 PA28 35.0 85.0 260.0
Ac4 1 PA2R 35.0 85.0 260.0
------ OUTPUT TABLE = = <« = « = ~
BET1 VSUB pacqref  pacq3 pacqi

<< 17000.000 130,00 0,7622 0.5124 0.5124 >>
<< 34000.000 179.95 0.7622 0.3299 0.6451 >>
< 51000.000 219,15 D.7622 0.2281 0.6919 >>
<¢{ 68000.000 251,51 0.7622 0.1685 0.7140 >>
<< 85000,000 27%9. 24 0.7622 0.1308 0.7264 >
<< 102000.000 301,63 0.7622 0.1053 0.7342 >>

AV TR VW 0 www i ow e VL L

<< 119000.000 325.65 0.7622 0.0884 0.7391 >>
<{ 136000.000 345.79  0.7622  0.0771  0.7423 >

#-#—k-% END OF SEE2 ANALYSIS *-—&—k-%

Figure 5.4. SEE2 Output for a Reference Crossing Angle of
90 Degrees. The allowable speed of the subject aircraft

increases as BETl for the subject is increased from 17000

to 135000 (a factor of 7).
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6. SELECTION OF INPUT VALUES

This section provides guidance in the selection of input values. For some
- [ Ao wmmdmtidmn AfF +ha

variables, the proper value will be obvious from the uem.u.pu.uu 8L caf
situation of interest. For other variables, the value is not obvious without

reference to flight test data or to special tables.

6.1 Search Effectiveness Parameters: BET{Q and BET!

The search effectiveness parameter, , relates the rate of visual
acquisition to the size of the target (see Appendix A for equations).
atmospheric visibility 18 good, ° is the acquisition rate that is achieved per
steradian of subtended target size. For example, if ° is 17,000/steradian-sec
and the target subtends 1 micro-steradian, then the acquisition rate is
0.017/sec. and the probability of visual acquisition for each second of

search would be 1.7 percent.

® 15 decreased by pilot workload and is increased by increased vigilance
and knowledge of target location (such as that provided by a traffic
advisory). Ideally, ° would be derived from flight test data in which the key
conditions affecting are identical to the situation of intetest However,
14 Lo R Teosasm mdemand o o e | Andadrd an hgt

Oll.l.y a IIHIICILUJ. O.I. fJ..LSBL LEHL progi‘emw LD Luﬂrﬁl.-i-t:l..l.‘ﬂ: visual ad I.l gition nave
been conducted. Four flight tests are described below.

6.1.1 Unalerted Search by General Aviation Pilots

In g flight test at M.I.T. Lincoln Laboratory {(reference 3), visual
acquisition performance was measured for 24 general aviation subject pilots
flying a Beech Bonanza on & cross-—country course. Concentration upon visual
search was avolded by describing the test as a study of differences in VFR

nilas +onhad marmal flioht ane - :
pllot technigues under normal flight conditions. Subjects were asked to

provide periodie workload ratings, answer formal questions, and to call out
all traffic seen. During a 40 minute flight, a second test aircraft made
three intercepts, passing 500 feet above or below the subject. The time of
each visual acquisition was recorded and the range of each acquisition
determined from radar tapes. The experimental technique was judged successful
in preventing abnormal pilot emphasis upon the visual search task. The value
of ° that resulted was 17,000/ster-sec.

W e A2

& 1.9 o mwm -1
Ve Lo & sralGll £l L L1

In 1957, Wayne Howell of the Civil Aeronautics Administration reported
upon a serles of flighr tests (reference 4) in which subject airline pilots
flew a DC-3 aircraft while being intercepted by a second DC-3. A camera was
set up to photograph the eye movements of the subject. In one set of flights,
the subjects were told that eye movements would be studied, but were not
informed that an intercept would be performed. An analysis of the reported
data uaing the visual acquiaition model yields a ? value of 34,000/sec. It

b smmanhand s srinnaAan awva s anta mar hawva wraosnlirad 4n
" LCOWLWTU Al
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a
should be noted that the emphasis upon eye movements may hav
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greater vigilance onm the part of the subjects than would be present in
non-test situations. 1In a second serles of flights, pilots were informed that
an intercept would be made. This information caused the pilots to alter their
scanning technique somewhat, but did not result in a clear improvement in
visual acquisition performance. Thus, the 8 value under both test conditions
may correspond to a higher level of search effort than is typical of normal
flight.

6.1.3 Alerted Search Using ATARS Traffic Advisories

Flight tests of the Automatic Traffie Advisory and Resolution Service
(ATARS) were conducted at the M.I.T. Lincoln Laboratory in 1976-77
(reference 1). General aviation pilots flew a Cessna 172 aircraft during
planned intercepts. The traffic advisory display provided intruder bearing to
the nearest clock position (30 degree sector). Data from 109 encounters was
analyzed and the value of B was determined to be 90,000/ster-sec.

6.1.4 Alerted Search Using TCAS II

In a series of flights at M.1.T. Lincoln Laboratory (reference 2), visual
acquisition performance was determined for professional pilots using the
Traffic Alert Coilision Avoidance System (TCAS II). This system provided a
traffic advisory with a bearing accuracy of approximately 8 degrees
(one-sigma). The resulting B value was 130,000/ster-sec.

6.1.5 Determining B by Extrapolation

When the conditions of interest do not correspond to any relevant flight
test, the value of B must be obtained by extrapolation. Two general rules can
be applied. First, B increases in direet proportion to the amount of time
devoted to visual search. Thus, when a pilot is alerted to the presence of a
target, B can double even 1f the alert contains no information on the
direction from which the target is approaching. Second, B should increase
inversely with the angular size of the area that must be searched. Insofar as
the search process consists of random sweeps throughout the angular region in
which the target may exist, the time required to find the target is
proportional to the size of the region. More accurate traffic edvisory
information will increase B by reducing the angular area to be searched.

6.2 Evaluation Range Parameters: T2 and D2

_ T2 and D2 determine the modified tau value at which the cumulative
probability of visual acquisition (PACQ) is to be evaluated (see description
of Module 5 in 4.2.5). Normally D2 is set to zero and T2 represents the lead
time at which visual acquisition is required in order for visual avoidance to
be effective. In literature dealing with visual collision avoldance, a range
of values can be found for the required acquisition lead time. The lowest
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value appears to be 4.5 seconds for military aircraft (Reference 5). The
highest value appears to be 15 seconds for civil transport aircraft using the
TCAS collision avoidance system (Referemce 2). Military aircraft are expected
to have a lower requirement due to the fact that 1) they can accelerate more
strongly to avoid collision and 2) military pilots may react faster to a
sighting due to air combat training that has involved making quick maneuvers
to avoid objects on collision courses. The nominal required lead time used in
this handbook are 6 & for military aircraft and 12 s for civil aircraft.

It should be noted that when used as a requirement, T2 is not intended to
represent a comfortable lead time, nor to represent the smallest time at which
visual acquisition could possibly be of use. Instead, it is intended to
represent & point at which the probability of successful visual avoidance has
fallen to about 50 percent. This choice allows accurate predictions of the
avoidance failure rate since avoidance failures that might occur despite
acquisition prior to T2 will be offset by avoidance successes that occur

despite acquis

6.3 Resolution Limit of Human Eye: DLIM

DLIM is the angular diameter of the smallest high~contrast circular
object that can be detected by the pilot's eye. From laboratory tests, a
typlcal value of this resoclution limit is 1.0 arec-min. It is unusual for any
subject to achieve much better than 0.5 are-min resolution in the laboratory.
In an actual cockpit environment, the effects of vibration, viewing through a

window, and go forth mav increase DLIM. In £1icht tegts, it has been obsarved

window, and so forth may increase DLIM. flight tests,
that target aircraft are almost never seen until they exceed 2 arc—min. The
nominal value of DLIM used in SEEl is 1.0 arc-min., The exact value employed
is seldom of critical importance, since very little of the total opportunity
to acquire accumulates when the target aircraft is near the resolution limit.
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APPENDIX A

BASIC EQUATIONS OF THE VISUAL ACQUISITION MODEL

General Formulation of the Model

This appendix provides a concise derivation of the basic equations of the
visual acquisition model.

In any visual search process, the instantaneous acquisition rate can be
defined as the probability of visual acquisition per instant of time, i.e.,

P f[acq in At at time t]
A(t) = lim (1)
At +0 At

The classic Poisson process models a situation in which the probability
of an event occurring in each instant of time is constant. In equation (1),
the acquisition rate can change with time. The cumulative probability of
acquisition is then modeled as a non—homogenous Poissor process. The
_cumulative probability of acquisition by time t2 can be written

t2
P lacq by t2] = 1.0 -exp [ = [ Mt) dt) (2)

TABLE A.] NOTATION

A visual area presented by the target aircraft

C(x) target/background contrast at range r

Co inherent contrast of target with background

t time

r range (separation between aircraft)

Tl range at which search begins

ro range at which searcﬁ terminates

R visual range (point at which contrast degrades by 952)
rdot range rate

B search effectiveness parameter
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The above equation is a purely mathematical consequence of the way in
which visual acquisition is described. The usefulness of the model hinges
upon our ability to define the acquisition rate A for specified search
conditions. In examining several sets of experimental data, it was determined
that A at any instant of time is proportional to the solid angle subtended by

the target, i.e.

A = B e (3)

1t is known from laboratory experiments that it is actuwally the product
of the target area and target contrast that determine the detectability of a
target. Hence, if contrast varies, the effect can be modeled by substituting
the area—-contrast product for the area above:

c(r) A
- - e (4)
Co r2

For vision through a homogenous atmosphere, contrast decreases
.exponentially with range according to Koschmieder's law:

-2.996 r
C(r) =Co exp [ ==—wwmme—~] (5)
R

Thus the acquisition rate for search through a homogenous atmosphere
can be written

A -2.996 r
A = B === exp [ —memmm———] (6)
r2 R '

The cumulative probability of acquisition by time t2 is obtained through
integration of A according to equation (2):

ty BA ~2.996 r
Placq by t2] = 1,0 -exp [7f -—E_ exp (——c——mmwm—— ) acl (7)
o0 r R

This equation is the most general result of the visual acquisition model
since it allows B, A, and r to vary with time in an arbitrary manner.
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Application to a Nominal Collision Course

For an sircraft on an unaccelerated collision course, it can often be
assumed that A is constant and that the range is decreasing at a constant
rate. For any such period in which 8 is also constant, the apportunity for
acquisition is described by the integral of the size-—contrast product, Q :

N 1 -2,996 ¢
Qt) = A I wem—ee  Exp [ —=m————— ] dt (8)
- o r R

The cumulative probability of visual acquisition is
Placq by t] = 1 =~exp [ - B Q)] (9)

The nominal units of Q are steradians-sec. One unit can accumulate from a
target subtending one thousandth of a steradian being in the field of view for
one thousand seconds. In practice, most targets of interest will subtend only
a few millionths of a steradian.

The opportunity that accumulates as the target moves from r] to r2
{r2 < r1) can be written

: A E2(2.996r3/R] E2(2.996r1/R]
Qt) = ——— | - ] (10)
| rdot ry r]

where E7 is the second—order exponential integral

w Exp{~zy)
Ex(z) = f @ -
1 yz

This integral can be evaluated by a series expansion (see Pascal function
E2 in Appendix C).

Expressions for Infinite Visual Range

When the visual range is infinite (perfectly clear atmosphere), the
exponential integrals in (10) have a value of unity regardless of the range at
which they are evaluated. The expression for probability of acquisition
simplifies to

-8A

Placq by r21 = 1 - exp [ ===—=— (1l/r2 - 1/r1)] (11)
|rdot |
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The probability denmsity function for the range at which acquisition occurs
is then

| 8A !
fracq(r) = ——eemms exp[ === (1/r = 1l/r])] (12)
|rdot] r2 |rdot|
0<r<r;
0 elsewhere

The mean range of visual acquisition computed from the above pdf is

| w  (-1)NqR
Elracq]l = q ry explq] [=0.57721 + Ln(l/q) = ] ==————-—v 1 (13)
n=l n nt

where q = BA/(|rdot|%r;]

The median range of acquisition is the range at which there is a
50 percent probability that visual acquisition has occurred. It can be
written:

1
Thefh ™ (14)
|zdot| (Ln 2)/(84) + 1/r]
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APPENDIX B
FILE STRUCTURE FOR SEE PROGRAMS

The SEE programs are written in the Pascal computer language using the
Turbo Pascal compiler from Borland Internationzl. This compiler ia available
for a variety of microcomputer operating systems, including CP/M and MSDOS. A
CP/M version is described below.

Table B.l shows the files that exist on disk for the CP/M version of
SEEl. All text filee are indicated by "Y" in the second column of the table.

Text files can be modified by using the "non-document” or "data" mode of any
text aditor (Caution: Do not alter thege files using the word processing or

A TWUL LWL LS - A AR e e W N & AT W S s e WOEL ML W A=iniSis

"document™ mode of a word processing program. Such a mode inserts control

codes such as page breaks and soft hyphens into the data. The SEE programs

will not function if they encounter such control codes in a data file).
TABLE B.1

FILES FOUND ON THE CP/M DISK

FILE NAME TEXT DESCRIPTION

SEEAC.BO3 Y Table of aircraft types (names and principal areas).

SEEMODS.B03 Y Common procedures and functions for SEEl aﬁd SEEZ,
' ineluding EXPP,E2,GETVAR, MODULEl, MODULE2, MODULE3,
MODULE4, MODULES5, MODULE6, MODULE7, READR and SGN.

SEEVAR.BO3 Y Initialization data {variable names, nominal values,
and conversion factors between internal and external
units). :

SEE1SET.B03 Y Set-up file for SEEl. Contains names of all other files
used by SEEl. Also contains printer set-up string.

SEE2IN.BO3 Y Simulation initialization data for SEE2, Contains
definition of reference and subject aircraft pairs.

SEE2SET.B03 Y Set-up file for SEE2. Contains names of all other files
used by SEE2. Also contains printer set—up string.

SEE1.CMD N CP/M command file for SEEl (compiled version of SEEl).
SEE1.BO3 Y SEEl source code (Turbo Pascal)
SEE2, CMD N CP/M command file for SEE2 (compiled version of SEE2).

SEE2.BO03 Y SEE2 source code (Turbo Pascal).
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A basic set-up file, SEEISET.B03, is used to specify file names for all
other files used during the running of SEEl. This file also specifies the
printer initialization string to be sent to the printer prior to generation of
printed output. Figure B-l contains the listing for the version of
SEEISET.BO3 provided on the start-up disk. The corresponding file for SEE2 is
shown in Fig. B-2. '

Aircraft data (names and principal areas) are contained in file
SEEAC.B03. Figure B-3 contains a listing for the default aircraft file
provided on the start-up disk.

Disk file SEEVAR.BO3 contains the names of the input/output variables,
their nominal values, and the conversion factors used to convert from external
to internal units. Internal to SEEl, all units are based upon nautical miles,
seconds, and radians. Figure B-4 provides a listing of the default file.

SEEl SET-UP FILE : Version B03

A:SEEVAR.BO3 {VARIABLE NAME FILE}

A:SEEAC.BO3 {AIRCRAFT TYPE FILE}

A:SEE1.0UT {OUTPUT DATA FILE}

27 91 50 119 =1 =1 {SIX ASCII CHAR FOR PRINTER SET-UP: -1 TO SKIP}

Figure B-1 Input data file SEE1SET.BO3

SEE2 SET-UP FILE Version B03

A:SEE2IN,BO3 {SET~UP DATA FILE}

A:SEEVAR.BO3 {VARTABLE NAME FILE}

A:SEEAC.BO3 {AIRCRAFT TYPE FILE}

A:SEE2,0UT {OUTPUT DATA FILE} :

27 91 50 119 -1 =i} {SIX ASCII CHAR FOR PRINTER SET-UP: -1 TO SKIP}

Figure B-2 Input data file SEE2SET.BO3

1 PA28 35, 85. 260.
2 B727 400. 1%00. 3100.
3 B747 1200. 5700. 9300.
4 DC-9 300. 1425. 2325,
5 C421 81, 171. 417.
6 U-21 127. 267, 652,
7 Fi8 50. 280, 540,

Figure B-3 Aircraft data file SEEAC.BO3
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NAME NOMINAL  CONV EXT UNITS
BETO 17000.0 1,0 /STER-SEC
BET1 17000.0 1.0 /STER-SEC
TI 180.0 1.0 SEC

T2  12.0 1.0 SEC

pl 0.0 1.0 NMI

D2 0.0 1.0 NMI

R 20.0 1.0 NMI

DLIM 1.0 2.90883E-04 ARC-MIN
VSUB 180.0 2.7777E-04 KT

VSUB  130.0 2.7777E-04 KT

IACT 1.0 1.0 AC TYPE
XANG 180.0 0.017453 DEG

PL 1.0 1.0 LEFT PILOT
PR 0.0 1.0 RIGHT PILOT
FOVL ~=120.0 0,017453 DEG

FOVR  90.0 0.017453 DEG

RDOT  300.0 2.7777E-04 KT

AX 35.0 2,70872E-08 5Q. FT.

AY 85.0 2.70872E-08 $Q. FT.

AZ 260.0 2,70872E-08 5Q. FT.
AREA  35.0 2.70872E-08 §Q. FT.
THT 0.0 0.017453 DEG

THS | 0.0 0,017453 DEG

RNG1  3.78 1.00 NMI

RNG2  1.27 1.00 NMI

BEFO 17000.  1.00 /STER-SEC
BEF! 17000.  1.00 /STER-SEC
PACQ 0.  1.00 -

Figure B-4 Variable initialization file SEEVAR,.BO3
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APPENDIX C

SEE LISTINGS

‘This appendix provides listings for the SEEl programs. The programs were
written in the Pascal computer language and compiled using the Turbo PFascal
compiler from Borland International, Incorporated. Section C.l contains all
procedures, functions, and main program code for SEEl, arranged in
alphabetical order of name (the main program is listed as SEEl). Section C.2
contains all code for SEE2 with the exception of routines that have been
previously listed in Section C.l1. It should be noted that in Turbo Pascal, 1if
a procedure B calls procedure A, then A must be listed first in the program
listing. Hence the actual source code that is compiled will not have
procedures in alphabetical order. The source code also uses an "include™
directive to merge the common procedures in file MODULES with the main program
listing during compilation.

C.l Listing for SEE1]

PROCEDURE Dispp(Var pp,ppe,conv : ppty; name @ namety;
index,jndex : integer);

{DISPLAY INPUT VARIABLES TO CONSOLE}

VAR skip : stringll2}; 41,j,ii : integer;

begin

LowVideo;

Exunits(pp,ppe,conv);

For i:=]1 to 6 do

begin
For j:=1 to 3 do
begin
i1:=6%(§~1)+1;
If (ii<=16) then
begin
Write(' ‘,name[ii],' ');

If (ppe[ii1]1<10.0) then Write(ppe[1i]:10:2) else Write(ppe([fi]:10:1);
If (ii=index) or (ii=index) then Write('*') else Write(' ');
end;
end;
Writelns;
end;
Writeln;
Writeln(' % = value on first diteration');
NormVideo;
end; {of PROCEDURE Dispp}

FUNCTION Expp(x : real) : real;

begin {Expomentiation with overflow/underflow protection}
If (x»85.0) then Expp:=1.0e+37

else If (x{~-85.0) then Exppt=l.0e-37

else Expp:=exp(x);

end; :
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" FUNCTION E2(x : real) : real;

{Evaluate exponential integral of order 2 from X to infinity}

Var
df,f1,f2 : real

begin

e2:=],0E-37;

If {x<9.0) then
begin _
fl:mexpp(=x)40.57721%x+x*Ln(x);
df tw—x*x;
f2:=df;
1it:=0;

Repeat
f