
 

 

Project Report
ATC-151

Air-to-Air Visual Acquisition 
Handbook

J. W. Andrews

27 November 1991

Lincoln Laboratory 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

LEXINGTON, MASSACHUSETTS 

 
 

Prepared for the Federal Aviation Administration, 
Washington, D.C. 20591 

 
This document is available to the public through 

the National Technical Information Service, 
Springfield, VA 22161 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This document is disseminated under the sponsorship of the Department 
of Transportation in the interest of information exchange.  The United 
States Government assumes no liability for its contents or use thereof. 





T=~ OF CONTENTS

List of Illustrations
List of Tables

1.

2.

3.

4.

5.

6.

INTRODUCTION

DETE~NING APPH~IUTY OF THE MODEL

GENERATING A SEE1 ANALYSIS

3.1
3.2
3.3

SEE1

4.1
4.2
4.3

SEE2

5.1
5.2
5.3
5.4

Row and Column Variables
Input Vari&les
Steps in Generating a SEEI Analysis

ANALYSIS PROGRAN

Basic Computational Structure
Description of SEE1 Modules
SEE1 Analysis Results

AN=YSIS PROGW

of SEEI

E~ivalency Analysis
Input Data for SEE2 Analysis
Computational Structure of SEE2
Examples of SEE2 Output

SELEWION OF INPUT VALUES

6.1 Search Effectiveness Parameters: BETO and
6.2 Evaluation Range Parameters: T2 and D2
6.3 Resolution Limit of the Human Eye: D=M

REFEREN~S

APPENDIX A - BASIC
ACQUISITION MODEL

EQUATIONS OF THE VISUAL

APPENDIX B -

APPENDIX C -

FILE STRU~

SEE LISTINGS

FOR SEE PROGW

iii

BET1

v
vii

1

3

5

5
5
12

15

15
15
25

33

33
34
34
37

41

41
42
43

45

47

51

55



Figure
No.

3.1

3.2

3.3

3.4

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

4.11

4.12

5.1

5.2

5.3

5.4

LIST OF I~S-TIONS

Basic input/output structure of SEE1.

Parameter selection example.

Set-up fom for SEE1 analysis.

Step-by-step instructions for generating a
SEE1 analysis.

me seven basic computational modules of SEE1.

Loops controlling table output for SEE1.

Principal tarqet areas used to compute the
visual area of the tarqet aircraft as seen
from the subject aircraft.

The velocity vector triangle is solved in
Module 2 in order to detemine the closinq
rate and the bearinqs of approach.

Cockpit field-of-view model for visual search
frm left and riqht seats in

Zn SEE1, the effective
sinqle pilot is either

SEE1 analysis results.

SEE1 analysis results.

value
zero,

cockpit.

of beta for a
BETO, or BET1.

Page

6

9

13

14

16

17

19

21

23

24

26

28

SEE1 analysis for varyinq Crossinq anqle (WG). 29

SEE1 analysis for Varyinq crossinq angle (=G). 30

SEE1 analysis for varying crossinq angle (WG). 31

SEE1 analysis for varying BET1. 32

Input data file for SEE2. 35

Loops controlling output for SEE2. 36

SEE2 output for

sEE2 output for
90 deqrees.

data set shown in Figure 5.1. 38

a reference crossinq angle of
39

v



LIST OF TAB=S

Tmlo
No.

3.1 Variables Used in Program

4.1 Aircraft ~es Used in SEE1

Page

7

18

.

vii



1. I~ODUCTION

~is handbook provides a practical means for the prediction of pilot
air-to-air visual acquisition performance. me predictions are based upon a
mathematical model of visual acquisition that has been calibrated ualng data
from actual flight tasts. In order to,apply the modal to a particular
situation, the user must understand the model wall enough to 1) varify that
the model is applicable to the situation of interest, 2) define the visual
search conditions for tha situation of interast, and 3) correctly interprat
the reaulta.

This handbook contains several tables that illustrate model results. But
these pre-calculated tablea cannot include all search conditions that tight be
of interast. For analysia of casaa not provided in this handbook, one maY use
the computer programa (SEE1 and SEE2) that accompany the handbook. me
SEE programs are interactive programs that provide visual acquisition
predictions according to user inputs. ~ey are written in the Pascal computer
lansuage and can be run on most dcrocomputara. SEE1 prOvides a basic
calculation of acquisition probability. SEE2 provides a way of calculating
aircraft speed litits that maintain a basaline level of visual acquisition
performance. SEE1 and SEE2 share many baaic computational modules.

In ordar 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 ia on a collision course whereae the model can be applied to
any flight path). k effort has been mde to keep the programs reasonably
simple while preaervins enough flexibility to analyza the casea of graatest
intarest with regard to air safety.



2. DE~WINING APPLICABILITY OF ~ MODEL

.

Before using the model to analyze a particular caaa, it ahOuld be
determined that the modal is applicable to that caee. ~is section discusses
criteria that ehould be applied in order to eateblish applicability.

1) Search Should Occur Undar hylight Conditions

The model appliee only when the aircraft ie seen in bright daylight
condition (eo that it is the physical structure of the aircraft that must be
acquired, not the aircraft lights). The model has not baan applied to tha
datection of atroba lights, contraila, or smoke.

2) A Value for 6 Must be Available

In order to apply the model, a search effectiveneae parameter, B, mnat be
aalected. B is the rate of visual acquisition per solid angle of targat size
per second Of search. It serves ae as a curve-fitting parameter that aCcOUnta
for all the human parformanca affacta upon search effectivaneea. B can be
expected to vary with workload, pilot visual acuity, pilot training, and the
amount of effort devoted to visual search. The model obtaina an appropriate
valua of 8 directly from flight teet data. Howaver, flight test data ia
available for only a litited numbar of situations. If the search conditlOns
of intareat do not saem to correspond well tith any documented flight test,
than the only way to eelect 6 ia by extrapolation. The aalection Of 6 is
diecusaed in Section 6.1.

3) Unusual and Non-standard Visual Condition Muet be Excluded

The model dose net provide any e~licit adjuatmenta for phenomana such aa
a~ty field myopia, glint, hypoxia, monocular viewing, ate. ky such
phenomena present in the flight teata will be reflected in the value of
is produced. Newever, if such a phenomana is abaant in tha flight teat
then the model provides no daflned way of taking it into account.

4) Mrcraft Must Approach on Non-accelerated Collision Courses

B that
data,

~though the genaral modal can be appliad to arbitrary flight paths, tha
SEE programs aasuqe that tha targat aircraft ia on a collision course. This
ia the situation of greatest interest in evaluating the reliability of visual
separation. Tha calculations are aleo restricted to rectilinear
(unaccelerated) flight patha. For such caeee, the range (separation between
aircraft) decreasea at a constant rata to zero. This establishes a ona-to-ne
corraapondence betwean time-to~ollieion and range. Furthermore, the approach
bearing and the vieual area presented by each aircraft remain conetant.

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

This is becauae the module for computing tha visual size of the target
asaumea that the aircraft ie seen from the zaro-elevation plane. ~nce, the

upper surface of the tings and fuselage ia not included in the calculation of
vieual area. If tha bank angle or pitch of the target aircraft is not zero,
the visual area of the target dll be underestimated. See Section 4.2.3 for a

description of the visual area calculation.

3



,.

6) Cases for which the Mrcraft Mmain Near the Visual hsolutfon
Threshold for bng Periods of Time fist be &cluded

me model employs a sharp cut~ff in search effectivenesswhen target
size is below e specified resolution’limit (nominal value: 1 tinute of arc
in diameter). If the size is slightly below the resolution cutaff aeaumed in
the model, then the model will predict that the target will never be acquired,
no matter how long the pilot searchee. If the size is slightly above the
resolution cut%ff, then tha model will predict that, given enough time, the
target is certain to be acquired. These allmrmothing results may fail to
reflect actual ~perience sinca a single threshold does not apply to all
pilots and the threehold may actually vary tith time. Fortunately, t~s
limitation is almost never a practical concern for aircraft on collision
courses since tha visual targat increasas steadily in size and is normally
well above the resolution lffit before visual acquisition is likaly.

7) The Wdel Should Not Be Ueed to Sasolva Fiald-of-View Issuee

me SEE program provides a simple teet for whether or not the approach
bearing of tha targat is within the pilot’s fiald-ofwiew (FOV). The FOV test
is described in detail in Saction 4.2.4. It is intended only to provide a
rough indication of the geometries for which cockpit visibility limitations
will prevent visual acquisition. It does not model visibility limitations in
elevation, nor does it coneider the placement of window posts or othar
possibla obstructions. ~ue, it will not detect FOV limitations euch as might
arise when one aircraft approaches the other from far above or far below the
“horizontal plana. The existing FOV test ie ueeful in providing a general
correction for the effects of cockpit visibility whan a variety of speede and
geomatriea are avaraged. If it is necessary to apply the model to a specific
situation where cockpit visibility is an issue, the exact fieldmf~iew should
be determined using other techniques.

8) Conclusions Must Not Ss Based Upon an ~tremely kpid’Increase in
Acquisition Probability that Occurs Just Prior to Collision

In casee whare visual acquisition ia vary difficult, the predicted
probability of visual acquisition remains vary low until a few seconds before
collision and then rapidly climbs to unity. This is becauea the SEE
calculations assume that search effort is conetant and that the range will go
to zero at collision. Under these assumptions, the visual size of tha target
becomes so large that visual acquisition ie certain to occur bafore zero range
is reached, even if only in the last tenth af a second before collision. In
reality, two things prevent this. me first is that the range to the pilot’s
eyes may not be zero, even at collieion. But more importantly, visual search
effort is not really continuous (as the model assumes), but occurs
intermittently as the pilot’s visual scan moves from inside to outside the
cockpit. The actual probability of acquisition will lag the model prediction
during periods when the pradictedprobability is rapidly increasing. ~us,
the model prediction that the probability of acquisition will shoot up”to
unity in the last few seconds before collision ia an artificial result for
most actual flight conditions. This is not normally a problam, since most
analyses will discount visual acquisitions that occur eo late that effective
avoidance is unlikely to be achiaved.
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3. GEMSATING A SEE1 -YSIS

This section provides the information needed to run the basic visual
~quisition prOgram, S~l. A description of the computational,techniques
employed in SEEI is provided in SectiOn 4.

SEE1 computes tables containing the probabilities of visual acquisition,
PACQ, for a subject aircraft that encounters a target aircraft under specified
visual eearch conditions. me eearch conditions are epecified by a set of 16
input variables. If tables for several sets of condition are of interest,
they must be computed as eeparate cases..

For some purposes, multiple rune of SEE1 are necessary. For e=mple, if
the probability of either aircraft acquiring ia deeired, then SEE1 must be run

.,. twice, tith one air~being the subject in the first run and the target in
the eecond run. SEE1 does not provide averaging over several tables, nor does
it provide random selection of input variables.

,,
,,,.,,:.,

3.1 Sow and Column Varfablee

The PACQ tablee are created by varying two user+ elected input variables.
The variable that is assigned anew for each row is called the row variable.
The variable that ia assigned anew for each column is called the
column variable. The other 14 variables are constant for all entries in the
table. For example, SEE1 could produce a table of PACQ valuea for varioua
valuea of subject airspeed and visual range. For all values in thie tabla,
other variables (such as the airepeed of the target aircraft) wonld be
constant.

The methods used to aeeign values to the row and column variable
differ. The row variable is stepped from a tinimum value to a maximum valua
with a fixed step interval. The column variable ia stepped through fixed
veluea input by the user. @ to 8 values are permitted. They need not be
spaced evenly or be monotonic.

Fl~re 3.1 depicts the basic input/output structure of SEE1. The sixteen
(16) input variebles that muet be specified in order to compute a single value
of the acquisition probability (PACQ) are listed aa variables 1 through 16 in
Table 3.1. Each variable hae a nodnal value that is employed unless the user
apecifiea otherwise. In addition to the 16 input variables, there are certain
internal variablee that are important at intermediate atagea of the
calculation. Tbeae variables are aleo listed in Fig. 3.1 and Table 3.1. The
detaila of the computational modules are discussed in Section 4. Figure 3.2
illustrates how the 16 input variablee can be detetined from a description of

a Particular encounter scenario.

3.2 Input Variables

me following paragraph provide a brief description of each of the 16
input variablea. A guide to eelecting proper valuea of variablea ie provided
in Section 6.

5
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TABLE 3.1

VARIABLES USED IN

NOMINAL
VALUS

17000 per
steredian-aec

17000 per
steradian-eec

lao aec

12 eec

0. d

O. nti

20. d

1 arc+n

lao kt

130 kt

1

180.deg

1.0

0.0

-120 deg

no-

DEFINITION

Single~flot B value before transition.

aingle~ilctB valueaftertransition.

Modifiedtautitiefor B transition
(timeto closestapproach).

Modifiedta.u.time.for evaluation of PACQ ~
(time.to cloeast approach).

Modified tau range parameter for 6...
transititin~ ~~~

Modifiad .tau””rangeparameter for PACQ
evaluation.

Visual rauge.

Resolution 14m&t..of h-n *ye.

Mrspesd of subject aircraft.

Mrspeed of target aircraft.

Mrcraf t type for targat aircraft
(eee table).

Croeaing angle (ralative heading).

Search intensity for pilot in left seat.
(O =,no pilot 1 = normal search)

Search inteneity for pilot in right seat.
(O - no pilot search, 1

Field~f~few cutoff on
eearching pilot in
poeftiveclockwiee

7

left
fron

= norml saarch)

left aide for
seat (measured
etraight ahaad).
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16

17

18

19

20

21

22

23

24

25

26

27

28

Nm

FOVR

~OT

B

AY

As

~A

ml

TR2

RNG1

WG2

BEFO

BEF1

PACQ

TABLS 3.1

VARIABMS USED IN FROGW (CONT‘D)

N~IN&
Q&NS

90 deg

380 kt*

35 sq.ft.*

85 sq.ft.*

260 sq.ft.*

35 sq.ft.*

O deg*

O deg*

3.78 &*

1.27 &*

17000* per

DEFINITION

Fieldmf~iew cutoff on right eide for
searching pilot in left eeat (measured
positive clockwise from straight ahead).

Range rate of target aircraft.

Rsad*n visual area of target.

Broadside visual area of target.

Topside visual area of target.

Finalvisualareaof target.

Bearing of target aircraft as seen from
subject aircraft.

Baaring of subject aircraft ae seen from
target aircraft.

Range at which 6 transition occurs.

Range at which PACQ is evaluated.

Effective value of 8 before traneitlon.
steradian-sec

17000* per Effective value of B after transition.
steradianaec

Probability of visusl acquisition.

*Value that ie computed when all 16 input variables have nodnal value.
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CONCLUSIONS
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DN= 1m-b

●POVL=’120*g,~~ =gowg

.V2=130M

. WG = 180deg

●Tl=am, Dl=o.3m
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(1)Input Variable BETO.

SEE1 allows the single~ilot value of model Parameter b tO transition
once from an early value to a final value. This is used to model the effect
of receiving a traffic advisory. BETO is the early value of B, Prior to
receipt of any traffic advisory. See further description of the transition
logic in Section 4.2.6.

(2) bput Variable BET1

This is the final value of B that applies after the transition event.
If it is eet equal to BETO, then the timing of any transition doee mot
affect visual search. See further descriptionin Section 4.2.6.

(3) Input Variable T1

The 6 transition occurs T1 seconds prior to the time the aircraft will
reach a range of D1. See further discussion in Section 4.2.6.

(4) Input Variable T2

Tha probability of tieual acquisition (PACQ) output by S~l ia the
cumulative probability of acquisition at T2 seconds prior to the target
aircraft reaching a range of D2 nautical miles. See further diecueeion in
Section 4.2.5.

(5) hput Variable D1

D1 is the range threehold criteria associated with the S transition.
It is used in conjunction dth T1 to datermine the time of 6 transition. See
furthar discussion in Section 4.2.6.

(6) kput Variable D2

D2 is the range threshold criteria associated tith the point at which
the probability of visual acquisition ia to be evaluatad. See furthar
discussion in Section 4.2.5.

(7) kpnt Variable R

R is the prevailing visual range (nmi) along tha lina Of Sight tO the
targat aircraft. This is the range at which any targat, regardless of ite
size and contract, tands to become invisible to the human eye. It ie defined
tachnicallv aa the range at which the atmospheric conditions reduce the
contrast o~ a target t; 5 par cent of its
Sae Appendix A for a description of how R
the acquisition rate.

inherant (close range) contrast.
enters into tha calculation of

10



(8) tiput Variable DLIM

.

,:,

DL~ is the assumed resolution limit (in arc-in) of the human eye.
S~l *signs a zero acquisition rate to targeta beyond this limit. The
nofinal value of DL~ is 1.0 arc-in. Normally, this variable haa little
impact upon the calculated PACQ values since most of the opportunity to
acquire a closing target comes after the subtended angle of the target hse
become aubstantlally larger than the resolution litit. See further
discussion in section 4.2.7.

(9) Input Variable VS~

VS~ is the airspeed of the aubject aircraft. Note that SEEI does not
include a wind model, hence all variablea are defined in the airmass
coordinate eystem.

(10) Input Variable V2AS

VTAS ia the airapeed of the target aircraft.

(11) hput Variable MCT

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

Note that the type of the subject afrcraft need not be defined, since
the physical size of the eubjecc aircraft is irrelevant to ite ability to
acquire the target. However, the speed of the subject aircraft (VS~) ie
needed to calculate the rate at which the target ia cloeing upon the
eubject.

A new aircraft type can be ineerted at run time by simply typing “-1”
in place of a defined UCT value. SEE1 will then aek for the name of the
new aircraft type and for ita three principal areas, ~, AY, and U (see
Section 4.2.3 for diecusaion of how the principel erees ere ueed in the
calculations). A new aircreft type defined in this way ia temporary, end
will not be retained for uee in subsequent aeeeiona. In order to
permanently enter a new aircraft type in the aircraft list, the aircraft
description must be entered in the disk file of aircraft types (SEEAC). Any
text editor that does not insert word~roceesing control codee into a text
file can be used for thie purpoes (ace Appendix C).

For a new aircraft type, values of the principal areas cen be found by
tracing the aircraft silhouettes onto a sheet of gridded graph paper,
counting the number of grid equaree within each silhouette, and multiplying
the total by the number of sqnare feet in a eingle grid squere.

11



(12) hput Variable UG

WG iS the crossing angle (relative heading) Of the target relative to
the subject aircraft in the airmaaa coordinate system. WG-l 80°
corresponds to a head-n encounter. ~+0° correaponda to one aircraft
overtaking the other from the aix 01clock position. See Section 4.2.2 for
further d~ecueaion of MG.

(13) Input Variable PL

PL ie equal to 1 if there is a pilot in the
aircraft. PL ie equal to O if there is no pilot

(14) Input Variable FS

PR is equal to 1 if there is a pilot in the
aircraft. PR is equal to O if there is no pilot

(15) Input Variable FO~

left eeat of the subject
in this seat.

right seat of the subject
in this seat.

FOVL is the bearing of the left-ide visibility cut-ff for the field-
ofmiew from the left seat of the eubject aircraft. It is measured in
degreae clockwise from the nose of the aircraft (thus, FOVL=-120°
correaponda to the 8 o’clock beering position). Sse Section 4.2.4 for
furthar description.

(16) hput Variable FOVR

FOVR is the bearing of the right-aide visibility cutmff for the field-
of~iew from the left seat of the subject aircraft. It is measured in
degreee clockwiee from the nose of the aircraft (thus, FO~=90°
corresponds to the 3 01clock bearing poeition).

It ehould be noted that the fieldmf view parameter (FOVL and FOVR) do
not change automatically as the aircraft type is changed. ~ey must be set
independently if different valuea are deairad because of different aircraft
types.

3.3 Staps in Generating a SEE1 Analysia

Figure 3.3 provides a eet-p form that can be used in +seembling the
information required for a SEE1 analysia. A wide to selection of values for
input variables can be found in Section 6. Figure 3.4 provides a eumry of
the etepe involved in generating a SEEI analysis.

12
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RUN TITLE DATE SEEI SET-UP FORM I
NOTE

TARGET AIRCRAFT : IACT _ (NAME m_ AY _ M —)

ROW VARIABLE MIN MAX STEPS

COLUMN VARIABLE VALUES —

— — —

INPUT VARIABLES:

BETO R PL
( p priorto alert) (17000/ster-see) (visual range) (20 nmi) (left seat pilot) (1.0)

BET1 DLIM PR
( P after alert) (17ooo/ster-see) ‘(resolution hmit of eye) (I .Oarc-rein) (ri9ht *at Pilot) (0.0)

T1 VSUB
(fau for aleti) (40 see)

FOVL
(airspeed of subjwt AC) (180 M)

(left side FOV cut-o~ (-120 dq:

T2 “VTAR FOVR
(faufor PACQ evaluation) (12 sea) (airspeed of target AC) (130 M) (right side FOV cuta~ (90 deg)

D1 IACT

(rangeparameter for alert) (0.0 nmi) (target aircraft type) (1=PA28)

D2 XANG

(range parameter for PACQ) (0.0 nmi) (wossing angle) (180 dq)

I

I

I

Hg’we 3.3 Set-upfam fm S~l mdysis.



(hb.fig3.4)

SEE1 ANALYSIS : STEP-BY-STEP

STEP 1 : Sele@values“forthe inPut variables STEP 7: Select the target aircraft type from the

(complete a SEE1 set-up form). displayed list.

Nde : H no tyw IntheIM k eetbfeotory,then~ .-1..

STEP 2: inse~ ~Ske~e and type ‘sEEl”
The p~rem MU thendbw p todefinea newtype.

STEP 3: seleti the row variable(by tYPin9
STEP 8: check the inputvariables~Splayedon the

screen. If any is inmrre~, type its name.
its name). At the prompt, type the new value:

STEP 4: specify the minimumsmaximum?
and step size for the row variable. STEP 9: If all input variables are correct, type CR.

At the prompt, enter a note. The compu-

STEP 5: select the columnvariable(by tYPin9 tations will then begin.

its name).

STEP 6: Type in the valuesfor the
column variable (maximum of 8
different values)..

STEP 10: After the analysist~rect resultsto either
the printer or the console display.

Note:RewN are also storedIn ternformina diskfile
SEEI.~. Ifw wishto -e tils fle, YW mst exk SEE1
and renamethe fib p~r to ymr next Smaksie.

I
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4. SEE1 NWYSIS nOGM

This section provides a description of the computational etructure of
SEE1. Nthough it is possible to run SEE1 without understanding this
structure~ the interpretation of SEEi”outpute is aided by familiarity with
the folloting material.

4.1 Basic Computational Structure of SEE1

SEEI employs a number of modules (subroutines) that, when called in the
proper order, compute a probability of visual acquisition (PACQ) for a given
set of search conditions. The search conditions are defined in terms of the
sat of 16 input variables shown earlier .inIable 3i”i. fie:program must be
given all 16 tnput.variables in order to compute a single value of PACQ. Each
variable has a nomtial “valuethat ia employed “unlessthe user inserts a~::
non-odnal value.

The block in Fig. 3.1 entitled ~’SEElComputational Wdules” consists
of seven..component modules, A.more.detailad fIowchart that shows these
modules is provided in”Fig. 4.1. The 16 tnpu~ variablee are all showm in :
this..figure as axternal inputs to the modules..in which Zhey are used. In
addition, 11 computed vartibles are shown.as outputs .ofthe modules in whi”ch
they..aracomputed... These computed variablas are listed inTable 3.1.as :
variables number 17-27.

One iu”~ var+able is selected to be the row variable.. It ie stepped “””
from a finimum value (xmin) to a maximum..value{Wax) tith a constant step
interval ‘(x~tep). The column v~iable is no~~Ancremanted in this waY...—
instead the user must type in the actual values.to be usedo A”maximum of
S valuea ie pertitted. This limit ia 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 100PS that
control the output are nested.

4.2 hacription of SEE1 Modules

The computation carried out
modules ia described below. Each
procedura. A listing of the SEE1
Appendix C.

in each of the eeven basic SEEl program
module corresponds to a single Paacal
code for the modules can ba found in

4.2.1 Module 1: tircraft Type kok-p

Modula 1 uses the aircraft type number, WCT, to determine various
characterietica of the target aircraft. Table 4.1 lists the aircraft types
that are provided in the disk file SEEAC.AOO. =ch aircraft type ie
associated with an abbreviated name (e.g., PA2S) and three numbers (~, AY,
and A2) that defina the visual area of the aircraft as projected upon the
thrae principal coordinate planea (see Fig. 4.3). A new aircraft type can
be created by asaigning table values from the console.
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cCall Module 1.
Call “Mudule.2
Call Module”3
Call Module”4
Call Module 5
Call Module 6

~Call Module 7

+“
~~~8tor&PACQ

in table

no

Note: Column variable may
hava up to 8 values.

Note: Row variable is
stepped according to
specified minimum,
maimum, and step size.

Note: PACQ is the subje~s ~~
cumulative probability of
visual acquisition. for this
row and oelumn.

no yes

--... .. ..--—— . . . . . .-.. ———. -- —... .—.— J



TABLE 4.1

AIRCWT TYPES USED IN SEE1

IACT AIRCWT TYPE

1 Piper PA-28

2 Seeing 727

3 Boeing 747

4 MDonnell-Douglas DC9

5 Ceesna 421

6 U-21 (fing fir)

7 F-18

(Note: New aircraft
See Appendix B for

PA28

B727

B?47

DC9

C421

U21

F18

M
(eq. ft.)

35

400

1200

300

81

127

50

AY
(Sq. ft.)

85

1900

5700

1425

171

267

280

A2
(Sq. ft.)

260

3100

9300

2325

417

600

540

tvDes can be created by editing the SEEAC file.
f~rther infor~tion. ) “

4
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A z , above area Ax , head-on area

‘Y ‘
broadside area

Fi~ 4.3 fihdpd t=get seas ud to ampute thetisud aea
of the tiget ti~aft as seen horn me sub~ctairmaft.
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4.2.2 Module 2: Solving the Velocity Vector Triangle

From a knowledge of the aircraft airspeeds and the croesing angle,
Module 2 solves the velocity vector triangle (Fig. 4.4) to determine the
epPrOach bearings and range rate. This solution assumes that the aircraft are
on a rectilinear collision course and hence that the horizontal fiss distance
is zero. For theee conditions, the valuea of the range rate (R~) and the
approach bearings (THS and THT) are constant.

Approach bearings are meaeured positive clockwise from straight ahead and
are expreesed as a number between -180 degraes and +180 degreee. me crossing
angle, NG, ie simply the relative heading formed by subtracting the headiog
of the target aircraft from the heading of the subject aircraft. The simple
trigonometric formula that relatee the approach bearinge and the crossing
angle is

WG = 180° + THS - THT

me approach bearing for the target aircraft (THT) is important since it
detetines the vieual area that will be seen from the subject aircraft (see
discussion in 4.2.3). The approach bearing for the subject (~S) is usad in
Module 4 to determine whethar or not the target ia within the cockpit
field-of~few.

4.2.3 Module 3: Computing the Visual Area of the Target

The visual area of the target ie computed by projecting the principal
visual areas AX and AY onto a plane that is normal to the linemf-sfght
between the two aircraft. ~is plane is at an angle ~ with respect to the
Y-Z plane for the target aircraft. h approximate correction for shielding ie
applied by assudng that the actual visual area is the largest of the
projectione of M and AY plus one+hird of the smallest projection (see
Mference 2). ~is approximation is errorless when the aircraft ie viewed
along one of the principal axas. Because Mdule 3 assumes that the
line-f =ight lies tithin the X-Y plane, the topside area, AZ, ie not allowed
to centribute to the target visual area. This ia normally a good assumption,
but can result in underestimation of the visual area if the pitch angle of the
aircraft is large. U is defined in the module to allow for future exteneion
of the software.

i

4.2.4 Module 4: Wtermining the Effective Values of 6

Module 4 examinee cockpit visibility and crew complement in order to
deterfine their effect upon search effectiveness. It does eo by taking the
notinal single~ilot B values and ebng them to produce effective B
values. For a single pilot devoting normal effort to visual search, the
value of S before and afterthetransitionevent(eee4.2.6)arerepresented
by parameter BETO and BET1. Module 4 computes two corresponding effective

8 values, BEFO and BEF1, by e-rig the 8 values for each pilot who ie able to
contribute to visual search.
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The fieldmf~iew of the cockpit is deter~ned by the variables FOW and
FOPS (ace Fig. 4.5). It ia aesumed that the cockpitvisibility ia symmetric
and that there is no cut~ff in elevation (normally true for targeta on
collision courses). Tfienthe target ~a outside the field-f -iew, the
effective 6 velue is set to zero.

By setting FL and ~, the user specifies the number of pilots that
contribute to search for both left and right visibility limite. Normally PL

and ~ are efther sero (no pilot in the seat) or unity (single pilot in seat
and eearching normally). It is possible to use a value between O and 1 to
represent a pilot who is preeent, but ia 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 ia assumed that a
single pilot is searching from the left seat of the aircraft (PL=l.O, pR=O.O).
For the notinal values of croesing angle (WG-180 degrees), tha intruder is
always within the field of view. Thus for the nominal input values, BEFO=BETO
and BEF1=BET1.

4.2.5 Module 5: Determining the ~nge of Evaluation

The cumulative probability of visual acquisition, PACQ, depends upon the
range, MG2, at which PACQ ia to be evaluated: Often it ia desirable to aet
this ranga to the latest point at which sufficient time exists for evasive
action. Then PACQ till repreeent tha probability of visual acquisition with
aufficient lead time for avoidanca.

RNG2 ie computed using a modified tau criterion based upon two input
parameter D2 and U:

~G2 = D2 - ~OT*T2

From thie equation it can be seen that SNG2 ie reached when tbe target
ia T2 seconds from reaching a range of D2. with this formulation, WG2 can
be deterdned as either a constant range, a constant time-to-collision, or a
modified tau criterion. For example, if T2=0, then the equation yields a
simple range critaria for which PACQ is evaluated at range D2. If D2=0,
then a simple time critaria results in which PACQ La evaluated when T2
secoada remain befora collision. If neither T2 nor D2 are zero, then a
modified tau criterion results.

4.2.6 Wdule 6: Determining the tinge of 8 Transition

In a particular scenario, the nominal value of 6 for a single pilot mey
be alterad by an event such as the receipt of a traffic advieory.SEE1 allowa
the notinal single~ilot value of 6 to transition from one value to another at
a predefined point during the encounter. The initial value of 6 is BETO.
After the transition, the value of B fa BET1 (see Fig. 4.6). The range at
which trzaaition occurs ia NG1. It is computed using a modified tau
criterion involving the two input parameter DI and RI:
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BETA 4
(SINGLE
PILOT) PACQ Waluatad Alert omurs at

at range R2 range R1
t
I I
I I
I I

I Targetex~eds
BET1 resolutiontimit of1

I eyeat rangeRLIM
I
I

I
I

I
I

I

BETO- 1
I

1
I 1
I I
I I
I

I

I
I

I
I
I

>
1 1

R2 R1 RLIM RANGE

Flgme 4.6 h SEE1,tieeffedvevalueofbeta fora singlepflotiseitier
=0, BETO,orBET1. me transition from HO to BWO ocms at range
WM (he resolution ~it of tie eye). me tramition to BET1 ocms at
he range at WKIA a trtiIc alert is retived.
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I
RNG1 = D1 - ROOT*T1

The transition occurs when the target is T1 secondefrom reaching a
range D1. Note that if TI=O, then a simple range criterion results. H D1=O,
then a simple time-to-collisioncriterion reeulta.

If the application of interest does not require a transition, the
transition ie easily avoided by setting BET1 equal to BETO. The eettings of
D1 and T1 then have no effect upon the computations (becauae the valuee of 8
are unchanged by reaching the transition point).

I
!

,.

4.2.7 Module 7: timputing the Wmulative Probability of kquiaition

M

Module 7 ia the final module that actually computes the probability of
visual acquisition, PACQ. It requires 8 inputa aa ahom in Fig. 4.1.

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

1.1284*SQRT(~A)/DLW

where DL~ ia in radiana. Then, if this range is greater than R, the visual
range, it is reduced to R. The net result ia

RLIM = ndnimum [1.1284*SQRT(A~A)/DLIM, R]

A more aophieticated model for MIM could be constructed, but in meet
analyaea, only a tiny fraction of the opportunity for visual acquieition
occurs before the target ie well within visual range and well above the
resolution threshold. Wnce, the detaile of the model in this regard are
normally of little consequence.

Note that if RL~ ia less than RNGl, then % till already have
transitioned to BET1 before the target is close enough to be seen. b this
caae, the value of BETO has no affect upon the calculation.

4.3 SEEI Analyeis Raaults

Examples of SEE1 output for some typical caeee are provided in this
section.

Figure 4.7 contains SEE1 output in which T2, the time of evaluation,
ia the row variable. Becauae D2=0, T2 ia the time to projected collfeion.
The analyais shows how the cumulative probability of visual acquisition

25



SEE1 VISUAL ACQUISITION ANALYSIS
NOTE :tismple.
SEE1.PAS (VersionAOld)
hFNam= G:SEEISET.AOO
ACFNam= G:SEEAC.AOO

INITI& VAL~S OF INPUT VARIA8LES:
BETO 17000.0
BET1 17000.0
TI 1s0.0
T2 6.00*
D1 0.00
D2 0.00

* - “al~e

VAS~LE:
T2 ia varied from

COLW VARIASL8 :
R essumea values

R
DL~
Vsus
VTAR
IACT
~G

VFNam. G:SEEVAR.AOO
GutFNafi G:SEE1.OUT

2.00* PL 1.00
1.00 PR 0.00
180.0 POVL -120.00
130.0 FOVR 90.0
1.00
1s0.0

on first iteration

6.00 to 60.0 in steps of 6.00

2.00 3.00 5.00 15.00
30.00 9999.00

Target aircraft is PA2S
AR= 35.0 Sq ft AY- S5.O sq ft A2- 260.0
SNOT- -310.0 kt ~- -0.0 deg TRs-

PACQ TAS~ :

TABLE OF PACQ VAL~S

T2
6.0
12.0
18.0
24.0
30.0
36.0
42.0
4s.0
54.0
60.0

avg.

2.00
-—---

0.0720
0.0113
0.0020

*
*
*
*
*
*
*

o.00s5

R
3.00

--—--

0.10s2
0.0247
0.0076
0.0025
0.0006

*
*
*
*
*

0.0144

5.00
-—---

0.1525
0.0461
0.01S4
0.0082
0.0036
0.0014
0.0002

*
*
*

0.0230

15.00
------

0.2204
0.0S78
0.0439
0.0235
0.0123
0.0055
0.0011

*
*
*

0.0394

Figure 4.7. SEE1 Analysie Sasults. i

(

Sq ft mA- 35.0 Sq ft
0.0 deg

30.00 9999.00
.—-- ------

).2430 0.26S4
).1039 0.1232
).0549 O.06S7
).0307 0.0401
).0167 0.0226
).0077 0.010s
).0015 0.0022

* *
* *
* *

).045s 0.0536

L PA2S target
ai=craft flying at 130 knots approaches in a head-on
geometry. The visual range ia varied from 2 to 9999 nmi
(the latter value representing unlitited visual range).
The probabilityy of visual acquisition is evaluated at
times from 6 to 60 aeconda prior to collision.
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grows as the aircraft approach each other. Visual range, R, is the column
variable. Six values are chosen. The value of 9999 d was used to

aPPrOx.imatea perfectly clear atmosphere. Ml variables other than T2 and R
have the nomfnaI values.

For casaa in which the target aircraft ia outeide tha field-fview of
all crew members, SEE1 will writs tjfiov!~In the table instead of “O.0000”.

Thie eervea to explain the reaeon for zero probabilities tkt may appear
unexpectedly.

It can be seen from the table that if the’visual range were onIy 3 nmf,
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 clifficult for tha defined encounter conditions.

Figure 4.8 is a similar analyeia, but the target aircraft is now a being
727 flying at 240 knots. me closing rate increasee by 60 knots, but becauae
tha target ie so much largar, it la eaeier to acquire. me probability of
visual acquisition for a perfectly clear day is now 63 percent at 12 seconds
to collision.

Figure 4.9 is a SEEI analysis in which the row variable ie the croseing
a~le (MG). The PACQ fable shows that the croesing angle can have an
important impact upon the probability of visual acquisition.

Mditional examplea of SEE1 analyses are provided in Fige. 4.10 through
4.12.
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SEE1 VISUAL ACQUISITION ANALYSIS
NOTB :Sample SEEI output.
SEE1.PAS (Version AOld)
bFNan- G:SEEISET.AOO
A~Nam= G:SEEAC.AOO

INITIAL VALUES OF INPUT

Rw

BETO 17000.0
BEI1 17000.0
T1 1s0.0
T2 6.00*
D1 0.00
D2 0.00

* - “alu~

VAR~LE :
T2 is varied from

COLW V~~LE :
R aas~es

Target aircraft
M- 400.0 Sq ft
RDOT- -420.0 kt

PACQ TASLE :

2.00
T2 -—---

6.0 0.2617
12.0 0.0285
1s.0 *

24.0 *

30.0 *

36.0 *

42.0 *

48.0 *

54.0 *“

60.0 *

avs. -0.0290

values

~~IABLES :
R
DL~
VSUB
VTAS
IACT
MG

VTNem= G:SEEVAR.AOO
OutFNam- G:SEE1.OUT

2. 00*
1.00
180.0
240.0
2.00
180.0

on firet iteration

FL 1.00
PR 0.00
FOVL -120.00
FOVR 90.0

6.00 to 60.0 in stapeof 6.00

2.00 3.00 5.00 15.00
30.00 9999.00

ia B727
AY-1900.O Sq ft W=3100. O sa ft AREA- 400.0 aq ft
TNT- -0.0 deg ms.

TABLE OF PACQ VAL~S

R
3.00

----—

0.40s5
0.0854
0.0191
0.0021

*
*
*
*
*
*

0.0515

5.00
---—

0.5703
0.1s94
0.0709
0.02S6
0.0115
0.0039
0.0003

*
*
*

o.0s75

*-*-*-* Em OF ~LysIs *-W-*-*

15.00
--—--

0.7719
0.4220
0.2445
0.1515
0.09S6
0.0665
0.0460
0.0324
0.0231
0.0167

0.1873

Fiara 4.8. SSB1Analysiskaults.

0~0 deg

30.00
—---

0.8265
0.5170
0.3367
0.2312
0.1650
0.1210
0.0905
0.06S5
0.0522
0.0399

0.2449

9999.00
——--

0.8812
0.6332
0.4660
0.3556
0.2788
0.2226
0.1797
0.1461
0.11s9
0.0966

0.3379

A B727 tawet aircraft
fl~ing at 240 knots ap~roaches in a head-n geo=etry. me
visual range is varied from 2 to 9999 d (the latter
value representing unlimited visual ranse). The
probability of visual acquisition ia evalueted at timee
from 6 to 60 seconds prior to collision.
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SEE1 WSUAL ACQUISITION ANALYSIS
NOTE :Sample SEE1 output.
SEE1.PAS (Version AOld)
tiFNam- G:SEEISET.AOO
ACFNam= G:SEEAC.AOO

INITIAL VALURS OP INPUT VARIABLES:
BETO I7000.0 R
BETI 17000.0 DLIM
T1 180.0 VSUB
T2 12.0 VTAR
D1 0.00 IACT
D2 0.00 ~G

VFNam= G:SEEVAR.AOO
OutFNam- G: SEE1 .OUT

2.00* PL 1.00
1.00 PR 0.00

180.0 FOVL -120.00
130.0 FOVR 90.0
1.00
0.00*

* = “~1~~ ~~ fir*t it~~~tio~

ROW VARIA8LE:
UNG is varied from 0.00 to 180.0 in.steps of 30.00

COL~N VARIABM :
R assumes values 2*00 3.00 5.00 15.00

30.00 9999.00

I Target aircraft is PA28
u- 35.0 Sq ft AY= 85.0 sq ft Az- 260.0 sq ft

PACQ TABLE :

UNG
0.0
30.0
60.0
90.0
120.0
150.0
180.0

avg.

2.00

TABLE OF

R
3.00

0.9726
0.8089
0.2754
0.0895
0.0338
0.0157
0.0113

0.3153

0.9863
0.8895
0.3934
0.1536
0.0659
0.0332
0.0247

0.3638

PACQ VALUES

5.00 15.00
------ ------

0.9934 0.9975
0.9415 0.9780
0.5205 0.6816
0.2397 0.3808
0.1148 0.2051
0.0611 0.1153
0.0461 0.0878

0.4167 0.4923

-*-*

30.00
------

0.9982
0.9843
0.7271
0.4292
0.2389
0.1361
0.1039

0.5168

9999.00
------

0.’9987
0.9895
0.7739
0.4841
0.2792
0.1612
0.1232

0.5443

Figure 4.9. SEEI Analysis for Varying Crossing Angle
(MG). The subjact aircraft is flying at 180 knots. A
PA-28 terget aircraft flying at 130 knots approaches at
angles from O (subject overtakas) to 180 degrees
(headwn). The visual range is varied from 2 to 9999
nmi (the latter value representing unlimited visual
range). The probability of visual acquisition ia
evaluated at 12 eeconda prior to collision.
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SEEI VISUAL ACqUZSITZON WALYSIS
SEE1.PAS Version A03
hFNam- G:SEE1IN.AOO VFNam= G:SEEVAR.AOO
ACFNam- G:SEEAC.AOO OutFNam= G:SEE.OUT

INITIAL VALUBS OF INPUT
BETO 17000.0
BET1 17000.0
T1 180.0
T2 12.0
D1 0.00
D2 0.00

VARIABLES:
R 2.00* PL 1.00
DLIM 1.00 PR 0.00
VSUB 180.0 FOVL -120.00
VTAR 180.0 FOVR 90.0
IACT 2.00
MG o.00*

* - initial v~l~~ (b~f~r~ it~r~ti~n)

RW VARIABLE: WG is varied from 0.00 to 180.0 in steps of
COL~N VARIABLE: R assumes values: 2.00 3.00 5.00 15.00

] Target aircraft is B727
AY=1900.O sq ft A2-3100.O aq ftI M--4OO.O Sq ft

TABLE OF PACq VALUSS

WG
0.00
30.00
60.00
90.00
120.00
150.00
180.00

2.00

1.0000
1;0000
0.9S84
0.6530
0.2872
0.1129
0.0632

avg. O.58b4

*-*-*-* END OF ~fiysIs

R
3.00 5.00 15.00—— —

1.0000 1.0000 1.0000
1.0000 1.0000 1.0000
0.9993 1.0000 1.0000
0.8683 0.9708 0.9988
0.5255 0.7627 0.9539
0.2523 0.4504 0.7459
0.151b 0.2925 0.5546

0.b853 0.7823 0.8933

*-*-*-*

30.00

1.0000
1.0000
1.0000
0.9997
0.9796
0.8282
0.6471

0.9221

Figure 4.10. S~l Analysis for Varying CrOsaing Angle
(nNG). A B727 target aircraft flying at 180 knots
approached at angles from O (subject overtakes) to 180
degrees (head-on). me visual range is varied from 2 to
9999 nd (the latter value representing unlimited tisual
range). me probability of visual acquisition ia
evaluated at 12 seconds prior to collision.

30.00
30.00 9999

9999.00

1.0000
1.0000
1.0000
1.0000
0.9943
0.90b0
0.7508

0.9501
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SEE1 VISUAL ACQUISITION ANALYSIS
NOTE :Sample analysis.

SEE1.PAS Version A03
InFNam- G:SEEIIN.AOO VFNam= G:SEEVAR.AOO
A~Nam- G:SEEAC.AOO OutFNam= G:Sm. OUT

INITUL VALWS OF INPUT VARIARLES:
BETO 17000.0 R 2.00* PL 1.00
SET1 17000.0 DLIM 1.00 PR 0.00
T1 lBO.O Vsus 130.0 FOVL -120.00
T2 12.0 VTAR 130.0 FOVR 90.0
D1 0.00 IACT 1.00
D2 0.00 UNG o.00*

* = initial “~1~~ (befOre it~r~ti~n)

RW VAR~LE: WG ia v8ried from 0.00 to 180.0 in steps of 30.00
COLWN VARULE : R assumes v81ues : 2.00 3.00 5.00 15.00 30.00 9999

Target aircraft
m- 35.0 Sq ft

is FA2S
AY= 85.0 eq ft A2= 260.0 sq ft

TASLE OF PACQ VALUSS

2.00
WG —
0.00 1.0000
30.00 0.9831
60.00 0.4459
90.00 0.1525
120.00 0.0600
150.00 0.0314
180.00 0.0234

avg. O.3S52

*-*-*-* END OF ANALYSI:

R
3.00 5.00 15.00—— —

1.0000 1.0000 1.0000
0.9939 0.9980 0.9996
0.5746 0.6942 0.8221
0.236? 0.3392 0.4891
0.1048 0.1670 0.2716
0.0589 0.0990 0.1706
0.0449 0.0767 0.1341

0.4305 0.4820 0.5553

*-*-*-*

30.00 9999.00——

1.0000 1.0000
0.9998 0.9999
0.8538 0.8S45
0.5367 0.5887
0.3085 0.3509
0.1967 0.2274
0.1552 0.1799

0.5787 0.6045

Fi@re 4.11. SEE1 Analyaia for Varying Crossing Angle
(MG). The subject aircraft is flying at 130 knots. A
PA-28 target aircraft flying at 130 knots approaches at
crossing anglea from O to 180 degrees (head-n). The
vieual range is varied from 2 to 9999 d (the latter
value representing unlimited visual ranga). me
probability of visual acquisition is evaluated at
12 seconds prior to collision.
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SEE1 ~SUAL ACQUISITION ANALYSIS
S~l. PAS Version A03
hFNam- G:SEEIIN.AOO VFNam- G:SEEVAR.AOO
ACFNam- G: SESAC.AOO OutFNam- G:SEE.Om

INITIAL VAL~S OF INPW VARIABLES:
BETO 17000.0 R 2.00* PL 1.00
BET1 17000.o* DL~ 1.00 Fs 0.00
TI 180.0 Vsm 180.0 POVL -120.00
T2 12.0 VTAR 130.0 FOVR 90.0
D1 0.00 Mm 1.00
D2 0.00 WG 90.0

* - initial value (before iteration)

RW V~IASLE: BET1 is varied from 17000.00 to 136000.0 in steps of
COL~N VASIARLS : R assumes values : 2.00 3.00 5.00 15.00

Terget aircraft ia PA28
U- 35.0 aq ft AY- 85.0 eq ft A2= 260.0 aq ft ARSA=
RDOT- -222.0 kt TST- -35.8 deg ms= 54.2 deg

TABLR OF PACQ VAL~S

BET1
17000.00
34000.00
51000.00
68000.00
85000.00
102000.00
119000.00
136000.00

2.00

0.0s95
0.1710
0.2452
0.3127
0.3742
0.4302
0.4S12
0.5277

R
3.00

0.1536
0.283S
0.3936
0.4867
0.5655
0.6322
0.6887
0.7365

5.00

0.2397
0.4220
0.S606
0.6659
0.?460
0.8069
0.8532
0.8884

15.00

0.3808
0.6166
0.7626
0.8530
0.9090
0.9436
0.96S1
0.9784

30.00

0.4292
0.6742
0.8140
0.S938
0.9394
0.9654
0.9s03
0.9887

avg. 0.3290 0. 492s 0.6478 0.s011 O.83S6

Pigure 4.12. SEE1 Analysis for Varying BET1. A PA-28
target aircraft flying at 130 knots approaches at a
crossing angle of 90 degrees. The visual range is varied
from 2 to 9999 h (the latter value representing
unlimited viauaI range). me probabilityy of visual
acquisition is evaluated at 12 eeconda prior to
collieion.
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9999.00

0.4s41
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5. SEE2 WYSIS mow

5.1 Equivalency Analysis

The visual acquisition model can be used to determine the mximum
aircraft epeed at which a etandard level of vieual acquisition perforwnce can
be achieved. Owe use of such an ~alyaia might be to detedne the extent to
which waivers from normsl epeed limfte are justified in a particular
eituation. There are two possible approaches to establishing a maximm epeed.
The firet is to impoee an absolute requirement on the achieved probability of
visual acqulaition (PACQ). If this approach is used, then the program SEE1
can be ueed to detedne the maximum epeed. A second approach, known ae
equivalency analysis, requiree that the PACQ value be equivalent to that of a
referance pair of aircraft flying in the same airspace. The absoluta value of
PACQ is not fixed. Ae will be explained below, equivalency analyaia has
certain advantages. A special program, SEE2, hae been written to assiet in
equivalency analyeie.

One difficulty with tha uee of an absolute PACQ criterion is the peed to
juetify the value of PACQthat is to be required. A reasonable standard would
be the value of PACQ that reaulta from co~liance with nomal federal
regulation and practices. ~wever, this value variea greatly with aircraft
speeds, approach geometry, and visual range. The PACQ that ia attained under
worst caae legal flight conditions (two aircraft flying at the spaed limit,
approaching headmn, tith barely legal WR visual range) appeara to be too low
to serve aa a suitable standard. A more reasonable etandard could be the

_ PACQvalue resulting from ~eting re@latiOne. But the averaging
procedure used to find the typical value then becomes an issue. Furthermores
the use of an absoluta etandard requiree thst the eelected valuea of all input
variablee be accurate in an abaolute sense. Absolute valuee my not be known
for the traffic environment of interest. (For exsmple, PACQ ia affected by
the vieual range that exieta. If the visual range i,ntha airspace where the
waiver will apply ia uncertain, then the PACQ value that reeulte from a given
airapeed till be uncertain.)

men equivalency snalysia is applied, the ace-and-avoid perfomnce of
the subject aircraft againat a typical target ia compared to the performance
of a reference pair of aircraft flying under identical flight conditions. The
speed,of the aubject aircraft is altered until the see-and-avoid perfomance
for the pair involvfng the subject equals the see-and-avoid performance of the
refarence pair. The principal output of the program ia then the value of the
speed required to produce equivalent confidence in vieual acquiaition.

The advantage of equivalency analyeis lias in its insensitivity to the
exact valuee of mny input variablea. This insensitivity exieta becauae many
of the input variables affect the reference pair and the subject pair
aitilarlg. (For example, each pair is aasumed to be subjected to the same
meteorologicalcondition, hence changes in visual range tend to have tinimal
effect upon the relative performance of the two paira.)
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For SEE2, the nominal refarence pair consiats Of twO si%le-ngine
general aviation aircraft flying under ViSUaI flight rules. 5EE2 conaidera
visual acquisition to be successful if either aircraft of a pair acquires
successfully.

5.2 hput Wta for SEE2 Analyaia

Input specification for a .SEE2analysia is more involved than for a SEEI
analysia because two ~ of aircraft must be specified. me input data for
SEE2 resides in an input text file. SEE2 reads this file to initialise the

analyais. me input file can bc alterad using an ordinary te= editnr.

Figura5.1ie a listingof a typicalSEE2inputfile. me firstlineis
a fileheaderthet.canbe anyetringof alphanumericcharacters.me second
is a titlelinefortheanalysia.ma thirdlinedefinestharowvariablein
termsof itsname,indexnwber, mfnimum,maximum, and step size. me eixth
line defines the dnimum and maximum apeeda that the subject aircraft will be
allowed to aesume. (If no equivalency can be found within these limits, a
failure to converge is declared.) ~ie line also defines the precision (in
knots) required to halt equivalency Iteration (in thie e=mple, 0..01~ota )●

me next line is a heading line. me next 16 lines contain a table that
definea the input variablaa for all four aircraft (two paira). me values in
the first two columns are redundant, since the reference pair must consist of
two identical aircraft.

SEE2 uses the came table of aircraft types aa SEE1.

5.3 Computational Structure of SEE2

A flowchart of the basic structure of SEE2 is provided in Fig. 5.2. A
listing for SEE2 ia provided in Appendix C. %a t of the baaic SEE1
computational modules described previously in section 4 are employed in SEE2.
A row variable la stepped between defined limite to generate a sat 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. In such a case, no value is generated for that value of the row
variable.

me pair calculation assumea that PACQ for each aircraft is statistically
independent. If pij ia the’probability of auccesaful acquisition for aircraft
i eearching for aircraft j, then equivalency.axista when

(1712)(1721) - (1-34)(1743)

In this equation, the left side represents the probability of acquisition
failure for the reference pair. ma right eide represent the probability of
acquisition failure for the subject pair.
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DATA FIH: g:SEE2.S4 Version e
Sample halysis
BET1 2 17000. 136000. 17000.
0. 1500. 0.01 { Yll, ml Stopitt }
{VmIABLE .,.
BETO
BET1
T1
T2
D1
D2
~...

DLXM
Vsm
mm
IACT
=NG
PL
PR

..BSFAC1- titi:AC2 REP AC3 S~ AC43
17000 ~~~~~17000
17000 17000
1s0.0 180.0
12.0... 12.0
0’0 0.O:
0.0 0.0
20.0 20.0
1.0 1.0

130.0 130.JJ
130.0 130.0 “’

~ 1
180.0 180;0
1.0 1.0
0.0 0.0

-120 -120
90 90

17000. .....17000
17000. 17000”
180.0 180iO
12.0 12.0
0.0 0.0
0.0 0.0
20.0 20.0
1.0 1.0

130,0 130.0
130.0 130.0

1 1
180.0 180.0
1.0 1.0
0.0 0.0
-120 -120
90 90

Figure 5.1. Input kta File for SEE2.

35



@

I

‘j,!”~

I

+

Next Row Variable Value

yes
NOte:tithlsitefatbnfaila~
rnwe~e, sE~Wll note that
fiu ati retinuetith the nefl

v mbmn value.

store computadspeed of
subjectAC in table.

&

T
no All

rows
generated

?
yes

WIT



5.4 Bxamples of S~2 00tpUt

Figures 5.3 and 5.4 provide examplea of SEE2 output. b Fig. 5.3, the
combined visual acquisition probability moat be 0.2676. It ia seen that

increasing BET1 by a factor of 7 (frem 17000 to 136000) ellows the aubject
aircraft to increaae ita speed from 130 kt to 330 kt while maintaining an
equivalent level of safety. Note that at 130 knots, each eircraft in the pair
hae an equal probability of acquiring (p-O.1442) while at 330 kt, the primary
responsibility for visual acquisition must rest with the subject (who has
probabilityy 0.2418 compared to only 0.03402 for the target).

4.

In Fig. 5.4, a similar analysia is run for a reference crosafng angle of
:1 90 degraea. Note that evan though the raference acquisition probabflity hae
I incraasad by almost a factor of three (from 0.2676 to O.7622), the equivalent
j ,,,. apaeds do not change dramatically. Thie demonstrate the inaenaitivity of the

equivalency analysia to the detaila of the environmental conditions.

i

I
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*-*-*-* SEE2 nSUAL AcQUISITION ANALYSIS *-*-*-*
SEE2 WRSION: G:S/3b/S7
INPUT DATA SET NM: G:SNE2N.AOO
INPUT DATA SET TITLE: Sample halysis
SetFNem<:SEE2. S4 VFNam +: SEEVAR.AOO
ACPNam-G:SEEAC.AOO OotFNam=G:SEE.OUT

INITIAL VALUES OF INPUT VARIABLES:
- ~FERSNCE PAIR -

ACl AC2
BETO 17000 17000
BET1 —-- — --

T1 1s0.o 180.0
T2 12.0 12.0
D1 0.00 0.00
D2 0.00 0.00
R 20.0 20.0
DLN 1.00 1.00
VSUB —-- ----

VTAR 130.0 130.0
IACT 1 1
UNG 180.0 180.0
PL 1.0 1.0
PR 0.0 0.0
FOVL -120 -120
FOVR 90 90

DH
AC3
17000

180.0
.12.0
0.00
0.00
20.0
1.00
-—-

130.0
1

180.0
1.0
0.0

-120
90

SUSmCT
AC4

17000
—-- RW VARIABLE
180.0
12.0
0.00
0.00
20.0
1.00
-—- FLOATING VARIABLE
130.0

1
180.0
1.0
0.0
-120
90

R~ VAR2ABLE: BET1 varies from 17000.00 to 136000.0 in steDs of 17000.00
FLOATING VARIABLE: VSUB (between limits of 1.00 and 1500.00)

AIRCRAFT TYPES:
ACID TYPE m AY AZ

AC1 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

<< 17000.000
pacq4

130.00 0.2676 0.1442 0.1442 >>
<< 34000.000 175.91 0.2676 0.0986 0.1875 >>
<< 51000.000 212.11 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 >>
<< 119000.000 311.58 0.2676 0.0382 0.2385 >>
<< 136000.000 330.12 0.2676 0.0340 0.2418 >>

*-*-*-* END oF 5EE2 ~ALySIS *-*-*-*

Figure 5.3. 8EE2 Output for Oata Set Shon in Figure 5.1.
The allowable speed of the subject aircraft increaees ae
BET1 for the subject ie increased from 17000 to 136000
(a factor of 7).
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* -* -4

,

.*SEE2 VISUAL ACQUISITION ANALYSIS *-*-*-*
SEG2 ~RSION: G:8/3b!S7
INPUT DATA SET N~: G:SEEIN.AOO
INPUT DATA SET TITLS: Sample Analysis
SetFNam=G:SEE2.S4 VFNam d: SEEVAR.AOO
ACFNam-G:SEEAC.AOO OotFNam=G:SEE.0~

INITIAL VALUES OF INPUT VARIABLES:
- REFERENCE PAIR -

AC1
BETO 17000
BET1 —-

T1 180.0
T2 12.0
D1 0.00
D2 0.00
R 20.0
DLW 1.00
Vsm -—-

VTAR 130.0
IACT 1
WG 90.0
PL 1.0
PR 0.0
FOVL -120
FOVR 90

AC2
17000

180.0
12.0
0.00
0.00
20.0
1.00
—-

130.0
1

90.0
1.0
0.0

-120
90

RON VAR2A8LE: BET1 varies from 17000.00
FLOATING VARIABLS: VSUB (between limite

AIRCWT TYPES:
ACID ~PE

AC1 1 PA2S
AC2 1 PA2S
AC3 1 PA28
AC4 1 PA28

D-
AC3
17000
-—

180.0
12.0
0.00
0.00
20.0
1.00

130.0
1

90.0
1.0
0.0
-120
90

SUS~CT
AC4
17000
-- RW V~IABLE
180.0
12.0
0.00
0.00
20.0
1.00
-— FLOATING VAR2ASLS
130.0

1
90.0
1.0
0.0
-120
90

to 136000.0 in steps of 17000.00
of 1.00 md 1500.00)

M AY AZ
35.0 85.0 260.0
35.0 S5.O 260.0
35.0 S5.o 260.0
35.0 85.0 260.0

----- - OUTPUT TANLS -------
BET1

<( 17000.000
<< 34000.000
<< 51000.000
<< 6S000.000
<< S5000.000
<< 102000.000
<< 119000.000
<< 136000.000

*-*-*-* END OF SEE2 ANALYSIS

Vsus
130.00
179.95
219.15
251.51
279.24
303.63
325.65
345.79

*-*-*-*

pacqref
0.7622
0.7622
0.7622
0.7622
0.7622
0.7622
0.7622
0.7622

pacq3
0.5124
0.3299
0.22s1
O.16S5
o.130s
0.1053
0.08S4
0.0771

pacq4
0.5124>>
0.6451>>
0.6919>>
0.7140>>
0.7264>>
0.7342>>
0.7391>>
0.7423>>

Figure 5.4.
90 Uegrees.
increases ae
to 136000 (a

SEE2 Output for e Reference CrossinS bgle of
2he allowable speed of the subject aircraft
BET1 for the eubject is increaeed from 17000
factor of 7).
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6. SELECTION OF INPUT VALUES

This section provides guidance in the selection of input values. For some
variables, the proper value will be obvious from the description of the
situation of interest. For other variables, the value is not obvious without
reference to fIight teet dat8 or to special tables.

6.1 Search Effectiveneae Parameters: BETO and BET1

The eearch effectiveness parameter, , relatea the rate of visual
acquisition to the size of the target (see Appendix A for equations). If
atmospheric viaibllity ia good, 0 is the acquisition rata that is achieved per
steradian of subtended target size. For example, if 0 ie 17,000/steradian-sec
and the target subtends 1 ticro-teradian, then the acquisition rate is
O.017/eec. and the probability of visual acquisition for each second of
search would be 1.7 percent.

“ is decreaaed by pilot workload and is increased by increaaed vigilance
and knowledge of target location (such ea that provided by a traffic
advieory). Ideally, 0 would be derived from flight test dat8 in which the key
conditions affecting 0 are identical to the situation of intereet. fiwever,
only a handful of flight teat programa to characterize visual acquisition have
bean conducted. Four flight tests ara described below.

6.1.1 Unalerted Search by &neral Aviation Mlots

In a flight teat at M.I.T. Hncoln Laboratory (reference 3), visual
acquisition performance waa meaaured for 24 general aviation subject pilots
flying a Beech Bonanza on a croaa-country course. Concentrateion upon visual
search waa avoided by describing the teat aa a study of differences in WR
pilot techniques under normal flight conditions. Subjacts were aaked to
provide periodic workload ratinga, anawer formal queationa, and to call Out
all traffic seen. Mring a 40 tinute flight, a second teat aircraft made
three intercepts, passing 500 feet above or below the subject. The time of
each visual acquisition waa recorded and the range of each acquisition
determined from radar tapes. The e~erfment81 technique was judged successful
in preventing abnormal pilot emphaais upon the visual search taak. me value
of 0 that resulted waa 17,000/ater-sec.

6.1.2 Search by Mrline Pilots

In 1957, Wayne Wowell of the Civil Aeronautics Ad~niatratiOn reported
upon a seriesof flight teata (reference 4) in which subject airline pilots
flew a DC-3 aircraft while being intercepted by a second W-3. A camera waa
aet up to photograph the eye movements of the aubject. In ona aet of flights,
the aubjects were told that eye movements would ba studied, but were not
informed that an intercept muld be performed. An analyaia of the reported
data using the visual acquisition model yields a “ value of 34,000/aec. It
should be noted th8t the emphasie upon eye movements may have resulted in



greater vigilance on the part of the subjects then would be present in
non+est situations. h a eecond series of flights, pilote ware iaformad that
an intercept Wuld be -de. ~is information cauaed the pilots to alter their
scanning techaique somewhat, but did not result in a clear improvement ia
visual acquisition parformance. Thus, the 6 value under both test conditions
may correspond to a higher level of search effort than is typical of normal
flight.

6.1.3 Merted Saarch Ueing AT~S Traffic Advisories

Flight tests of the Automatic Traffic Mvisoty and Sasolution Service
(AT~S) were conductad at the M.I.T. Hncoln hboratory in 1976-77
(reference 1). @naral aviation pilots flew a Gssna 172 aircraft during

.

plaaned intercept. The traffic sdtisory diapley provided intruder bearing to
the nearest clock Doaition (30 degree sector). Data from 109 encounter was
analyzed and the value of B was determined to be 90,000/ataraec.

6.1.4 ~erted Search Using TCAS 11

In a series of flighte at M.1.T. Liacoln hboratory (refereace 2)) visual
acquleition perfomnce waa determined for profeaaional pilots ueing the
Traffic Mert Collieion Avoidance System (TMS II). This system provided a~ .,

I traffic advieory tith a bearing accuracy of approxtitely 8 degreee
(oneaigms). The resulting 6 value was 130,000/eter-eec.

] 6.1.5 Determining $ by htrapolation
J

men the condition of iaterest do aot correspond to any relevant flight
teet, the value of 6 must ba obtained by extrapolation. Two general rules canI
be applied. First, B incraaeea in direct proportion to the amount of time

i devotad to viausl search. Thus, when a pilot is alerted to the preeence of a

} target, 6 can double eves if the alert contains ao information oa the

i directioa from which the target is approaching. Second, B should iacreaaa

I inversely tith the angular eize of the araa that must be”aaarched. Insofar aa
the search process eonaieta of random sweepe throughout the angular region in
which the target may axist, the time required to find the target is

j
proportional to the eise of the region. More accurate traffic advisory
iafomat ion till increaae 6 by reducing the angtiar area to be searched.

1 6.2 Evaluation Sange Para*ters: T2 and D2

j
T2 and D2 determine the modified tau value at which the cumulative

probability of visual acquisition (PACQ) ie to be evaluated (see deecription
of Module 5 in 4.2. 5). Normlly D2 is aet to zero and T2 represents the lead
time at which visual acquisition is required ia order for visual avoidance to

~

be effectiva. Ia literature dealing tith visual collision avoidance, a range
of velues can be found for the required acquisition laad time.

i

The lowest
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value appearsto be 4.5secondsfor~litaryaircraft(Wference5)● me
highestvaluaappeareto ba 15 secondsforciviltranaportaircraftusingthe
TCAScollisionavoidanceayatem(~farence2). Military aircraft are expacted
to have a lower requirement due to the fact that 1) they can accelerate more
strongly to avoid collision and 2) filitary pflota may react faater to a
sighting due to air combat training that has involved making quick maneuvers
to avoid objecta on collision couraea. The nominal required lead time uead fn
this handbook are 6 s for military aircraft and 12 a for civil aircraft.

It should be noted that when used as a requirement, T2 is not intended to

repraaent a comfortable lead time, nor to represent the amellest time at which
visual acquisition could possibly ba of use. Instead, it is intended to
reprasent a point at which the probability of successful visual avoidance has
fallen to about 50 percent. This choice allows accurate prediction of the
avoidance failure rate since avoidanca failures that mfght occur despite
acquisition prior to T2 will be offset by avoidanca succesaea that occur
despite acquisition after T2.

6.3 Resolution Mmit of fiman Eye: DLW

DLW is the an~lar diameter of the amelleet high-contrast circular
object that can be detected by the pilotta eye. From laboratory teats, a
tYPical value of this resolution limit is 1.0 arcwin. It is unusual for any
subject to achieve much better than O.5 arc-in resolution in the laboratory.
In an actual cockpit environment, the effects of vibration, viawing through a
window, and so forth may increase DLIM. In flight teata, it hee been observed
that targat aircraft are alaost never seen until thay exceed 2 arc-in. Tha
nofinal value of DL~ used in SEE1 is 100 arc-in. fie axact value amployed
Is seldom of critical importance, since very little of the total opportunity
to acquire accumulate when tha targat aircraft is near the resolution lidt.
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APPE~IX A

BASIC EQUATIONS OF TSS VISUAL ACQU151TION MODEL

@neral Formulation of the tidel

~is appendix providee a conciee derivation of the basic equations of the
visual acquisition model.

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

The

P [ecq in At at time t]
k(t) - lim ———---—-——-— -- (1)

At +0 At

claasic Po.iasonprocess models a situation in which the probability
of an event occurring in each instant of time ia constant. In equation (1),
the acquisition rate can ctinge tith time. me cumulative probability of
acquisition is then modeled ae a non-homogenous Poiseon process. The
cumulative probability of acquisition by time t2 can be written

P [acq by t2] - 1.0 - exp [ - ~ ‘:(t) dt] (2)
-*

A

C(r)

co

t

r

rl

r2

R

rdot

6

TULE A.1 NOTATION

visual area presented by the target eircraft

target/background centrast at range r

inherent contract of target tith background

time

range

range

range

(separation between aircraft)

at which search begins

at which seerch terminate

visual range (point at which contrast degrades by 95%)

range rate

search effectiveness parameter
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me above equation is a purely mathematical consequence of the way in
which visual acquisition is described. me usefulness of tha model hinges
upon our ability to define the acquisition rate A for specified search
conditions. In e~mining several acts.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
A-8 -—--- (3)

r2

It is known from laboratory experiments that it is actually the product
of the target area and target contraat that determine the detectability of a
target. Rence, if contraat varies, the effect can be modeled by aubetituting
the area-contrast product for the area above:

C(r) A
. —-- -----

r2
(4)

co

For vfaion through a homogenoue atmosphere, contrast decreaaea
exponentially with range according to ~achmieder !a law:

can

-2.996 r
C(r) = Co exp [ -—-— —. 1

R

~ue the acquisition rate for search through a homoganous atmosphere
be nitten

(s)

-2.996 r
A = B —t- exp [ — .----.— 1 (6)

r2 R

me cumulative probability of acquiaftion by time t 2 is obtained through
integration of A according to equation (2):

t2 BA -2.996 r
P[acq by t2] = 1.0 - exp [-J —-- exp (---------) dt1 (7)

. =2 R

~ia equation la the moat general result of the visual acquisition model
since it allowa S, A, and r to vary tith time in an arbitrary manner.
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Application to a Nominal Gllision Uurse

For an aircraft on an unaccelarated collision course, it can often be
assumed that A is constant and that the range is decreasing st a constant
rate. For any such pariod in which 8 is alao constant, the opportunity for
acquisition is dascribed by the integral of the size-contrast product, Q :

-2.996 r

Q(t) - A Jt —~-- Exp [ —---—-- ] dt (8)
-- R

The cumulative probability of visual acquisition is

P [acq by t] - I - axp [ - B Q(t)] (9)

me nominal units of Q are steradfans-sac. One unit can accumulate frOm a
target subtending one thousandth of a steradian being in tha field of view for
ona thousand seconds. In practice, most targeta of interest will subtend only
a few tilliontha of a ateradian.

me opportunity chat accumulates as the target movas from rl to r2
(r2 < rl) can ba written

A E2(2.996r2/R] E2(2.996rl/R]
Q(t) = —--- - [ —-—-------- - --------——- 1 (10)

IrdotI r2 rl

where E2 is the secondmrder exponential integral

Mp (-Zy)
E2(Z) = $m —---—-

1 Y2

~is iategral can be evaluated by a series expaneion (sea Pascal function
E2 in Appaadix C).

Expreasiona for Iafinite Visual knge

men the visual ranga ia iafinite (perfactly clear atmosphere), the
exponential integrala in (~0) hava a value of unity regardless Of tha range at
which they ara avaluated. me expression for probability of acquisition
simplifies to

-%A
P[acq by r2] - 1 - exp [ ‘------ (1/r2 - l/rl)]

IrdotI
(11)

i
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me probability density function for the range at which acquisition occurs
then

fracq(r) =

me mean range

E[racq] =

where q M

me median

q rl

8A -6A
— -——- exp[ ----- (l/r - l/rl)] (12)

IrdotI r2 IrdotI
O<r<rl

o elsewhere

of visual acquisition computed from the above pdf is

(-l)nqn

exp[ql [-0.57721+ Ln(l/q) - ?
—----- -- 1 (13)

n-l n n!

BA/(lrdotl*rll

range of acquisition is the range at which there is a
percent probability that visual acquisition has occurred. It can be

written:

1

~o.5 “ —--—---—--—-— -------
Irdotl(Ln 2)/(6A) + l/rl

(14)

.
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AP~NDIX B

FILE STRUCT~ FOR SEE PROGWS

The SEE programe are written in the Pascal computer languaga usiug the
Turbo Pascal compiler from Borland &tematf onal. This compiler is available
for a variety of dcrocomputer operating ayatema, including CP~ and MSDOS. A
CP/M vereion la described below.

Table B.1 shows the files that exist on disk for the CP/M version of
SEE1. Ml text filea are indicated by “Y” in the second column of the table.
Text files can be modified by using the “non~ocument” or “data” mode of any
text editor (Caution: Do not alter thsae files using the word proceaeing or
“documant” mode of a word ~cesaing program. Such a mode inaerta control
codes such as page braaks and aoft hyphene into the data. The ~ programs

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

TAELE B.1

FILES FO~D ON ~ CP/M DISK

FILE NANR IEKT DESCRIPTION

SEUC.B03 Y

SEEMODS.B03 Y

SEEVAR.B03 Y

SEEISET.B03 Y

SEE21N.B03 Y

SEE2SET.B03 Y

SEE1.CMD N

SEE1.B03 Y

SEE2.m N

SEE2.B03 Y

Table of aircraft types (names and principal areas).

Co-n procedures and functions for SEB1 and SEE2,
including EKPP,E2,GETVAR, MODULE1, MODULE2, MODUE3,
MOD~E4, MODULE5, MODDLE6, MODULE7, READR and SGN.

Initialization data (variable’names, nofinal valuee,
and conversion factora between internal and external
units).

Set-p file for SEE1. Contains names of all other files
ueed by SEE1. Nso containa printer set-p string.

Simulation initialization data for SEE2. Containa
definition of reference and eubject aircraft pairs.

Set-p file for SM2. Containe nemea of all other files
used by SEE2. Nao contains printer eetwp string.

CP/M command file for SEEI (compfled version of SEE1).

SEE1.source code (Turbo Paacal)

CP/M command file for SEE2 (compiled version of SEE2).

SEE2 source code (Turbo Paacal).
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A basic set-p file, SEEISET.B03, is used to specify file names for all
other files used during the running of SEE1. This file also specifies the
printer initialization string to be sent to the printer prior to generation of
printed output. Figure B-1 contains the listing for the versfon of
SEEISET.B03 provided on the atartmp disk. The corresponding file for SEE2 is
ahon in Fig. B-2.

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

Disk file SEEVAR.B03 containa the names of the input/output varfablea,
their nominal values, and the conversion factors used to convert from external
to internal units. Internal to SEEI, all units are baaed upon nautical miles,
seconds, and radians. Figure B-4 provides a listing of the default file.

SEE1 SET-UP FILE : Version B03
A:SEEVAR.B03 {VARIABLE N~ FILE}
A:SEEAC.B03 {AIRCRAFT ~PE FILE}
A:SEEI.OUT {OUTPUT DATA FILE}
27 91 50 119 -1 -1 {SIX ASCII - FOR PRINTER SET-UP: -1 TO SKIP}

Figure B-1 Input data file SEEISET.B03

SEE2 SET-UP FILE Versfon B03
A:SEE21N.B03 {sET-uP DATA FILE)
A:SEEVAR.B03 {VARIABLE NM FIm ]
A:SEEAC.B03 {AIRCSAFT ~E FILE]
A:SEE2.OUT {OUTPUT DATA FILE}
27 91 50 119 -1 -1 {SIX ASCII CRAR FOR FKINTSR SET-UP: -1 TO SKIP}

Figure B-2 Input data file SEE2SET.B03

1 PA2S 35. 85. 260.
2 B?27 400. 1900. 3100.
3 B?47 1200. 5700. 9300.
4 DC-9 300. 1425. 2325.
5 C421 81. 171. 417.
6 U-21 127. 267. 652.
7 Fls 50. 280. 540.

Figure B-3 &rcraft data file SEEAC.B03
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N~ NMINAL
BETO 17000.0
BET1 17000.0
TI 180.0
T2 12.0
D1 0.0
D2 0.0
R. 20.0
DL~ 1.0
VSUB 180.0
VSUB 130.0
UCT 1.0
MC 180.0
PL 1.0
PR 0.0
FOVL -120.0
FOVR 90.0
RDOT 300.0
AK 35.0
AY 85.0
A2 260.0
AREA 35.0
TST 0.0
TRS 0.0
RNG1 3.7s
RNG2 1.27
BEFO 17000.
BEF1 17000.
PACQ o.

cow
1.0
1.0
1.0
1.0
1.0
1.0
1.0
2.90883E-04
2.7777E-04
2.7?77E-04
1.0
0.017453
1.0
1.0
0.017453
0.017453
2.7777E-04
2.70872E4S
2.70872E-08
2.70872E-08
2.70872E-08
0.017453
0.017453
1.00
1.00
1.00
1.00
1.00

EKT UNITS
/sTER-SEC
IsTER-SEC
SEC
SEC
mI
Ml
WI
ARC+IN
KT
KT
AC ~E
DEG
LEFT PILOT
RIGST PILOT
DEG
DEG
m
SQ. FT.
8Q. FT.
SQ. FT.
SQ. FT.
DEG
DEG
mI
~1
/s~R-SEC
/STER-SEC

Figure B-4 Variable initialization file SEEVAR.B03
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APPENDIX C

SEE LISTINGS$

I
This appendix provides listings for the SEE1 programs. The program were

written in the Pascal computer language and compiled using the Turbo Pascal
compiler from Borland titernational, Incorporateed. Section C.1 contains all
procedures, functions, and main program code for SEE1, arranged in
alphabetical order of name (the main program ie listed as SEE1). Section C.2

containa all code for SEE2 with the exception of routines that have been
previously listed in Section C.1. It ehould be noted that in Turbo Pascal, if
a procedure B calls procedure A, then A mst be listed first in the program
listing. Rance the actual source code that ia compiled will not hava
procedures in alphabetical order. me sourca code alao uaea an “include”
directive to merge the common procedures in file MODULES with the main program
listing during compilation.

C.1 Listing for SEE1

PROCEDU2E ~spp (Var pp,ppe,conv : ppty; name : namety;
index,jndex : integer);
{DISPUY INPUT V~IASLES TO CONSOLE}
VAR skip : atring[121; i,j,ii : integer;
begin
bwVideo;
Exunite(pp,ppe,conv);
For i:-1 to 6 do

begin
For j:-I to 3 do

begin
ii:=6*(j-l)+i;
If (ii<-16) then

begin
Write(t ‘,name[ii],! ‘);
If (ppe[ii]<10.0) then Write(ppe[ii]:10:2) else Write(ppe[ii]:10:1);
If [ii=index) or (ii=jndex) then Writa(‘*!) elaa Write(” ‘);
end;

end;
Writeln;
end;

Writeln;
Writeln(’ * = value on first iteration’);
NormVideo;
end; {of PROCEDURE Diapp}

FUNCTION Sxpp(x : real) : real;
begin {fiponentiationAth overflow/underflow protection}
If (x>S5.0) then Expp:=1.0e+37
else If (x<-85.O) then &pp:=I. Oa-37
elee Sxpp:=xP(x);
end;
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FWCTION E2(x : real)
{Evaluate exponential
Var

df,fl,f2 : real;

: real;
integral of order 2 from x to infinity]

ii,it : integer;
begin
e2:-1.OE-37;
If (x<9.O) then

begin
fli%xpp(=)+o.57721 *xti*Ln(x);
df:--*X;
f2:-df;
it:-o;
Repeat

it:=it+l; ii:=(it+l)*(it+l);
df:-tit*x*df/it;
f2:-f2tif;

Until (abs(df)<1.OE-09);
e2:@lff2;
and;

end;

PROCEDUR8 Exunite(Var pp,ppe,conv : ppty);
{LOAD ppE WITH VARIABLES IN EHERNAL uwITs]
Var i : integar;
begin
For i:-1 to 28 do ppe[i]:~p[i ]/conv[i];
end; {of Exunita}

FUNCTION Fpacq(Var pp : ppty; Var tabl : tabty) : real;
Var fov : real;
begin {COMPUTE PROB OF VISUAL FOR CONDITIONS IN PP]
Modulel(pp[n], tabl,pp[18],Pp[lg].PP[20]);
Module2(pp[9],pp[10],pp[12],pp[17],pp[22],pP[23]);
Module3(pp[18],pp[19],pp[23],PP[21]);
Module4(pp[l],pp[2],pp[15],pp[16],pp[13],pp[14],pp[22],pp[26],pP[27].f0v);
Module5(pp[4],pp[6],pp[17],pp[25]);
Module6(pp[3],pp[5],PP[17],PP[24]);
IF (DEBUG>3) TREN BEGIN WRITELN(Lst,‘INPUT TO MODUL8 7: ARSA=’,PP[21]:10:8,
t BEFO;BEFl=’,pp[26]:9:0,pp[27]:9:0);
WRITELN(Lst,‘ DLIM=’,pp[8]:10:8,~ R-!,PP[7]:7:3,’ RDOT=’,pp[17]:9:5);
WRITELN(Lst,‘ RNG1-!,pp[24]:7:3,’ RNG2-’,pp[25]:7:3); END;
Module7(pp[21],pp[26],pp[27],pp[8],pp[7],pp[17],pp[24],pp[25],PP[28]);
Fpacq:~p [28];
end; {OF FUNCTION FPACQ}

PROCEDUM CatVar(Var st : etrng4; Var index : integer);
{vALIDAm vARIuLE NM m GET INDEX. CR UTWS INDEX--1}
Var i : integer;
begin
Repaat
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Write(’>>’); Readln(st); i~@x:-O;
For 1:=1 to Length(at) dO st[i]:‘~~ceee(st[iI);
While (Length$ft~~~~do at:~t+’ s
If (at<>’

begin
fndex:--1;
For i:-1 to 16 do U (name[i]-st) than index:‘i;
IF (index<O) then Writeln(Chr(7),‘ILLEGAL NM - TRy A~IN’ )
end;

Until (index>=O);
end; { OF G~VAR MODIFIED 12/30/8?}

PROCEDURE Lotpp(Var pp,ppe,conv : ppty; Var name : namety);
{PRINT INPUT VARIASLES TO nINTER}
Var i,ii,j : integer;
begin
Exunits(PP,ppe,conv);
For i:=l to 6 do

begin
For j:=l to 3 do

begin
ii:-6*(j-l)+i;
If (ii<=16) then

begin
Write(OutF,‘ 1,name[ii],t ‘);
If (ppe[ii]<10.0) than Write(OutF,ppe[if]:10:2) else Write(OutF, ppe[ii]: 10: 1);
If (ii-index) or (ii-jndex) then Write(OutF,‘*!) else Write(@tF,’ ‘);
end;

end;
Writeln(OutF);
end;

Writeln(OutF);
Writeln(OutF,’
Writaln(OutF);
end; {of PROCED~ Letpp:

* - value on first iter8ti0n t);

PROCEDURE Module1(xiact : real; tabl : tabty; V8r ax,ay,az : real);
Var fact : integer;
{ASSIGN TARGET AIRCRAFT ~AS BY INDEXINGTAEI}
begin
iact:-Round(xiact);
ax:=tabl[iact,1]*sqnmi;
ay:-abl [iact,2]*8qnmi;
az:-tabl[iact,3]*8qnmi;
end; {of Procedure hdulel 7/30/87}

PROCED~ Wdule2(Var vl,v2,xang,rdot,thl,th2 : real);
{COMpUTE TH1,~2 AND RDOT ASSMG c0LL1510N COURSE}
Var

dif,coemax,coax,ainth,8inx,vcosmx, vrat : real;
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begin
If (Abs(v2w1 )<0.00001) then {USE EQUAL SP~D FOWULAS }

else

end;

begin
If (xang=O.O) then xang:=0.00001; {DISALLOW DEmwsMTE
thl:wang/2-0. 5~i *egn(xang);
th2:--thl;
rdot:--2% l*ab8(ein(xang/2));
end

{USE ~QUAL SPEED FO~ULAS)
begin
vrat:w2/vl; cosx:-coa(xang);
If (xang<>O.O) then

begin
thl:=arctan(-rat*sin( xang)/(1.Owrat*cOax) );
If (coax>l.O/vrat) then thl:=thl~i*sgn(thl);
end

else if (vrat<l.O) then thl:=0.O
else thl:vi;
th2:~iwhlmang;
If (aba(th2)>pi) then th2:~h2-2*pi*egn( th2);
rdot:-wl*coa(thl )_2*cos (th2);
end;

{of Module 2 Version 3/11/87}

PROCEDURR tidule3(ax,87,tht : real;

{COMPUTE VISUAL ARSA OF TARGET. USE
HIDDEN MS}
Var

8X,a~ : real;
begin
axx:=ax*abs(cos(tht)):

Var araa : real);
APPROXWTE COR~CTION FOR

ayy:=ay*abs(sin(tht))~
If (axx>ayy) then area:=a=+ayy/3 else area:‘ayy+axx/3;
end;

PROCEDURE Module4(bet0,bet1,fovl,fovr,pl,pr,thl : real;
Var bafO,bafl,fov : raal);
{DETEmI~ EFFECTIVS VALUES OF BETA BEFO= AND AFTER TRANSITION}
{FOV-O IF TARGET NOT IN FIELD OF ~EW OF ~ PILOT}
begin
befO:=O.O; befl:=O.O; fov:*O.O;
{IF IN LEFT FOV, nD CONTRIB~ION OF PILOT IN MFT SEAT}
If (th1>-fovl) and (th1<-fovr) then

begin
bafO:-befO~l*batO;
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bef1:=befl~l*bet 1;
fOv:+O*l;

{IF I~;;GHT FOV, ADD CONTRIBUTION OF PILOT IN RIGHT SEAT]
If (thl>-+ovr) and (thI<-+ovl ) then

end;

begin
befO:=befO@r*batO;
bef1:-befl@r*bet 1;
fov:=fov@r;
end;

{of Module4 12/29/87}

PROCEDORE Module5(t2,dZ,rdot : real; Var rng2 : real);
{USE MODIFIED TAU TO COMPUTE MGE AT WICH PACQ IS EVALUATED}
begin
rng2:-d2-rdot*t2;
end;

PROCEDURE Module6(tl,dl,rdot : real; Var rngl : real);
{USE MODIFIED TAU TO COMPUTE RANGE AT NRICH BETA TRANSITIONS}
begin
rngl:til-rdot*tl;
end; {OF MODUL86}

PROCEDURE Nodule7(area,befO,befl,dlim,r,rdot,rngl,rng2 : real; Var pacq : real);
{COMPUTE PACQ}
Var

absrd,pacqO,rlim,xlim,xpost,xprior,xx,xxi,~2 : real;
begin
absrd:=abs(rdot)+0.00001;
pacqO:-0.O; pacq:=0.O;
rlim:-1.1284*sqrt(area)/dlim; {RLIM CANNOT EXCEED WSOLUTION LIMIT OF Em}
If (rlim>r) then rIim:7; {RLIM CMOT EXCEED VISUAL WGE}
{--- COMPUTE INTEGRAL OWR -E POSSIBLE T2ME INTERVALS}
xlim:=e2(2.996*rlim/r)/rlim;
xxi:-2(2.996*rngl/r)/rngl;
xx2:=e2(2.99b*rng2 /r)/rng2;
If (rlim>rngl) then

begin {ADD INTEGRAL PRIOR TO TRANSITION}
If (rngl>rng2) then xx:-+bef O*(xxl-lim)
elee If (rng2<rlim) then xx:=x+bef O*(xx2-lim);
end;
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IF (debug>4) then
begin
WRITELN(Lst,‘ IN MOD~E7:
WRITELN(Lat,‘
WRITELN(Lst,‘
end;

If (rngl>rng2) then
begin

RL~, RNGl,RNG2-’,RL~:8:4, RNGl:8:4,~G2:8:4);
XLIM,ml, H2=t, ~IM:8:4, ~1:8:4, ~2:8:4);
~ AT BEFO=’,XX:10:4);

{ADD INTEGRAL AFTER TRANSITION}
If- (rlim>rngl) then xx:~x+bef l*(xx2%xl )
else H (rlim>rng2) then xx:=+befl*(xx2=lim);
end;

xx:=area*=/abs rd;
pacq:-l.O-xpp(mx);
end; {OF MOD~E 7}

PROCEDVRE @t_const(Ver pp,ppe,conv : ppty; Var tabl : tebty;
Var acna~ : acnamety; Var index,jndex : int{
{- - - PRINT 0~ COMP~D VARIA8LES TRAT Am
Ver conl1,ctinl7 : Boolean;

ger);
~AFFECTED BY ITERATION - - - -}

23]);

begin -
Modulel(pp[n], tabl,pp[18],pp[19],pp[20]);
Module2(pp[9],pp[lO],pp[12],pP[17],PP[22]$PP
Module3(pp[18],pp[19],pp[23],pp[21]);
Exunite(pp,ppe,conv);
If (index=ll) or (jndex-11) then conll:-FALSE else conll:=TR~;
c0n17:@R~;
If (index-9) or (jndex=9) or (index-10) or (jndex=lO) then con17:=FALSE;
If (indax=l2) or (jndex-12) then conl7:=FALSE;
If conl1 then

begin
Writeln(OutF,’ I Terget aircraft ia ‘,acname[iact]);
Write(OutF,’ [ AX-’,ppe[l81:6:1,’ sq ft AY-’,ppe[l9]:6:l,
‘ aq ft &= ’,ppe[20]:6:l,’eq ft’);
If con17 then Writeln(OutF,‘ ~= ’,ppe[211:7:l,’eq ft’)
else Writeln(OutF);
end;

If conl7 then
begin
Write(OutF,’ I RDOT=’,ppe[17]:7:l,’ kt ~T-l, ppe[22]:7:l,1 deg~);
Write(OutF,‘ TRS-’,ppe[23]:7:l,’ deg’);
end;

Writeln(OutF);
end; {OF PROCEDORE Out_const }
PROCED~ Frintpp(Var pp,ppe,conv : ppty; name : namety);
{PRINT4~ VARIABUS IN EXTERNAL ~ITS }
Var i,ii,j : integer;
begin
Exunits(pp,ppe,conv);
ii:=o;
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For i:-1 to 27 do
begin

If (i<28) then

~;~(OutF, name[i],PPe’[il:1°:2.’ ‘);. . . . .
ii:-ii+l;
If (ii-5) then begin Writeln(~tF): ii:‘O; end;
end;

end;
Writeln(OutF,name[28],ppe[28]:10:4);

end; {of FROCEDW Printpp}

PROCED~ RaadR(Ver nitema : integer; Var buf : rbuff);
LMEL RETY~;
Var i,len,valid : integer; ch : cher; s ‘:etring[255]; r : string[321;
begin
MTYPE: nitems:=O; r:=”;
Readln(a); a:=a+’,’; len:=Length(a);
For i:=l to len do

begin
ch:=e[i];
If (ch<>’ ‘) and (ch<>’,’) then r:=r+ch
else

begin
If (bngth(r)>O) then

begin
nitema:-items+l;
Val(r,buf[nitems1,velid);
If (valid<>O) then

begin
Writeln(Chr(7),’ Error at It?,r,itt(character ‘,valid:3,’)’);

Write(tRetype line’);
goto MTYFE;
end;

r:-’q;
end;

end;

end~d~of PROCEDORE RaadR Revised l/10a/86}

Program SEE1;
{$R+]
Conet

version-!B03t; aqnmi=2.70872E-08; nmiaec=2.77777E-04;
lm-‘ t; nrowsmax=128;

Label L1,REDEF,STMT;
Type

namety - array[l..32l of etring[41;
acnamety = array[l..24l of atring[121:
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Var

ppty - array[l..32]of real;
rbuff - array[l..32] of raal;
strng4 - string[41;
tabty = array[l..l6,l..4lof real;

InF,OutF,TempF : text;
fov,x,xmin,xmax,xatep,xval : real;
debug,i,iact,icol,index,fx,j,jmax,jndex : integer;
long,menu,nscty,nrms,nitems : integer;
conv,nomal, pp,ppe : ppty; buf : rbuff;
ibuff : array[l..32l of integer;
table : array[l..nrowsmax,l..8l of real;
nama : namety; St : atring[41; note,a,ss : atring[2551;
acname : acnamety; ufov : Boolaan;
pavg,ppcol : array[l..8l of real;
tabl : tabty;
ACFNam,InFNam,OutFNam,printer,VFNaM : String[14];,

{$1 SEmODS.B03]
PROCED~ Mapp(Var pp,ppe,conv : ppty; name : naMetY;
index,jndex : integer);
{DISPMY INPUTVMIABLBS TO CONSOM}
VAB skip : atring[12]; i,j,ii : integer;
begin
tiwVideo;
&units (PP,ppe,conv);
For i:=l to 6 do

bagin
For j:=l to 3 do

begin
ii:-6*(j-l)+f;
If (ii<=16) then

begin
Write(‘ ‘,name[ii],‘ ‘);
If (ppe[ii]<10.0)then Write(ppe[ii]:10:2) else Write(ppe[ii]:lO:l);
If (ii-index) or (ii-jndex) then Write(t*t) else Write(’ ‘);
end;

end;
Writeln;
end;

Writeln;
Writeln(’ * = value on firet iteration!);

NormVideo;
end; {of PROCEDURE DiSPP}
PROCEDURE Latpp(Var pp,ppe,conv : ppty; Var name : namety);
{PRINT INPUT VAR~LES TO PRINTER}
Var i,ii,j : integar;
begin
Emnits(pp ,ppe,conv);
For i:=l to 6 do

begin
For j:-1 to 3 do
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begin
ii:-6*(j-l)M;
If (ii<-16) then

.

begin
Write(OutF,’ ~,name[iil,‘
If (pPe[iil<10.0) then Write(OutF,p~~~ii]:10:2) else Write(titF,ppe[ii]:lO:l);
If (ii-index) or (ii=jndex) then Wrlte(~tF,’*’) elee Write(OutF)’ ‘);
end;

end;
WriteIn(OutF);
end;

Writeln(OutF);
Writeln(OutF,’ * - v*lue on first iteration!);

Writeln(OutF);
end; {of FROCEDURS btpp}
PROCEDURE out const(var pp,ppe,cOnv : ppty; Var tabl : tabty;
Var icname : ~cnamety; Var index,jndex : integer);
(--- PRINT OUT COMPUTED VARIABLES THAT ARE UNAFFECTED BY ITRRATION - - - ‘}
Var conll,con17 : Boolean;
begin
Modulel(pp[ll],tabl,eP[18],PP[lgl>PP[2°1);
Module2(pp[g],pp[lO],pp[12],PP[17],PP[221,PP[23l);
Module3(pp[18],pp[19],pp[23],PP[21]);
Exunits(pp,ppe,conv);
If (index=ll) or (jndex-ll) then conll:-FALSE else conll:~R~;
con17:-TRUE;
If (index-9) or (jndex-9) or (index-lO) or (jndex=lO) then c0n17:-FALSE;
If (index=12) or (jndex=12) then c0n17:=FALSE:
If conll then

begin
Writeln(@tF, ‘ I Target aircraft is ‘,acname[iact]);
Write(OutF,‘ I H= ’,PPe[1sl:6:1,’ sq ft Ay-’,ppe[lgl:6:ls
‘ Sq ft M= ’,ppe[201:6:l,’sq ft’);
If con17 then Writeln(OutF,’ AREA-’,ppe[2l]:7:l,’ sq ft’)
else Writeln(~tF);
end;

If con17 then
begin
Write(OutF,‘ I RDOT-’,ppe[17]:7:l,’ kt THT-’,ppe[22]:7:l,’ deg’);
Write(OutF,‘ THS=’,ppe[23]:7:l,’ deg’);
end;

Writeln(titF);
end;
PROCEDURB Printpp(Var pp;ppe,cOnv : ppty; name : namety);
{nINT+UT vARMLEs IN E~EwAL UNITSI
Var i,ii,j : integer;
begin
&units (pp,ppe,conv);
ii:-o;
For i:-1 to 27 do
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begin
If (1<28) then

begin
Write(OutF,name[i],ppe[il:10:2,’ ‘);
ii:tii+l;
If (ii=5) then begin Writeln(OutF); ii:_O; end;
end;

end;
Writeln(OutF,name[28},ppe[28]:10:4);

end; {of PROCEDURS printpp}
begin {--------------- ----- BEGIN SEEl~IN~OG~ ‘-~
debug:-0;
ClrScr; Cot0~(15, 1);
Write(’SEE1 VISUAL ACQUISITION ANALYSIS - Version ‘,version);
Goto~(30,5); Write(‘written for ‘); CotoN(lg,7);
Write(‘The Federal Aviation Ministration’);
Goto=(30,8); Write(‘(AT-240)’); Goto~(34, 10); Write(‘by’);
Goto~(23,12); Write(’M.I.T. Mncoln Laboratory’); Uto~(17.14);
Writa(’244 Wood St., bxington, W 02173-0073’); Goto=(l,23);
Write(‘CR to continue>>’); Readln(st );
If (st-’menu’) then

begin
Write(‘Type dabug>>’); Readln(debug);
end;

InFNam:=’SEEISET.B038; Writeln(‘ I INIT FILE NM: ‘,InFNam);
Aaaign(InF,InFNam); Waet(InF);
Readln(InF,s); Writeln(‘ I INIT FILE TITLR:‘,a);
Readln(InF,VFNam); Raadln(IuF,ACFNam); Raadln(InF,@tFNam);
{ -- - SE@ PRIN~R INITULIZATION STRING ~ INITIALIZE PRINTER )
Raadln(InF,ibuff[1],ibuff[2],ibuff[3],ibuff[4],ibuff[5],ibuff[6]);
printer:-”; For i:=l to 6 do

If (ibuff[i]>0) then printar:~rinterwhr (ibuff[i]);
If (printer<>’‘) then Write(Lat,printer);
{ --- RE~ TABLE OF AIRCRAFTCWCTERISTICS - - - - - - }
Assign(TempF,ACFNam); Raaet(TempF);
natty:-O;
Whila not Eof(TempF) do
begin
natty:macty+l;
Raadln(TampF,i,acname[natty],tabl[natty,1],tabl[nacty,2],tabl[natty,3]);
end;
Close(TempF);
{---- - IN VAR~LR NNES ~ NOMINAL VALUES - - - }
Aeaign(TempF,VFNam); Reaet(TempF);
Readln(TempF); {Sup label line]
For i:-1 to 28 do
Readln(TempF,name[i],nomval[i],conv[i] );
Cloae(TempF);
Write(‘Type 1 for long output (CR for summary table only)>>’);
long:-0; Readln(long);
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START:
For i:=l to 28 do

begin
ppe[il:-omval [i1;
p’p[il:-Omval[il*cOnv[il; {Initializevariablea to nominal values].—
end;

{ ------------------- ----sETINp~comxT1oNs ----~
REDEF :
Repeat
Write(‘Type name of row variable ‘); CetVar(st,index);
Until (index>O);
Write(‘Type dn,xmax,xstep for ‘,name[index],‘>>’);
RaadR(niteme,buf); xmin:=buf[11; xmax:=buf[21; =tep:-buf [3];
nrowe:-Round((xmsxmin )/xsteP+O.5);
If (nrows>nrowsmax)or (nrows<=o) then

begin
Writeln(Chr(7),’>>>> NO. OF Rms MST BE BE~EN 1 ~ ‘~nrowsmax:5);
Writeln(’>>>> PLEASE INPUT ROW DATA AGAIN.’);
Goto ~DEF;
end;

PP[index1:-in*conv [index];
Repeat
Write(‘Type name of column variable ‘); Cetvar(st,jndex):
Until (jndex>O);
Writeln(‘Type up to 8 values for ‘, name[jndex],‘ >>’);
Readr(jmax,buf); For j:-1 to jmsx do Ppcol[j1:-buf[j];

~ [jndexl:~PcOl [1]*conv[jndex];
----- ----- - SELECT TARGET AIRCRAFT TYPE - - - - - - - - }

Writeln(’TAELE OF DEFINSD TARGRT AIRCWT TYPES :?);
Writeln(’ IACT NW m AY AR~);
For 1:=1 to natty do
WRITSLN(‘ 1,i:3,v ~,acname[i],t ‘,tabl[i,l]:6:0,tabl[i,2]:8:O>
tabl[i,3]:8:O);
Write(’Type MCT for target aircraft (CR to define new tYea)>>’);
fact:=-l; Readln(iact); pp[ll]:=l.O*iact;
If (iact<-0) then

begin
nacty:aacty+l; fact:%acty; pp[ll]:=l.O*nacty;
Write(’Type eymbollc name for type (12 char mx>>’);
Readln(acname[iact1);
~le (Length(acnsme[iact])<12)do acname[iact]:-cname[iact]+’ ‘;
Writeln(’Type N,Ay, M (in sq ft)>>’);
ReadR(nitem, buf);
tabl[iact,l]:=buf[l]; tabl[iact,2]:=buf[2]; tabl[iact,3]:-buf[3];
end;

L1 :
{ -------------- - DISPMY SET-UP TO CONSOLE FOR APPROVAL - - - }
ClrScr; Coto~( 10,1); Write(‘*-*-*-*-*-*-* SEE1 ANUYSIS - Version ‘,version);
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writ~l~(~ *-*-*-*-*-*-*f) ;

Wri teln( ‘ROWVARWLS : r);bwvideo;
Writeln(’ s,name[index1,’ to be
I in steps of ~,xstep:8:2); NormVideo;
Writeln(‘COLOMN VARMLS : ‘); LewVidbo;

varied from ‘,xdn:8: 1,‘ to’,xmax:9:1,

Wrtte(1 ‘,mme[jndex], ‘ values :‘);
For f:-1 to jmax do Write(ppcol[i]:8:2); NormVldeo; WriteIn;
Writeln(‘TAROET AC : WITH -s (H, AY,A2) : ‘); LowVideo;
Write(1 !,acname[iact],‘ ‘);
Writeln(tabl[iact,l]:7:l,tabl[iact,2]:7:l,tabl[iact,3]:7:1); NormVideo;
Writeln;

pp[~ndexl :-ln*Conv[indexJ; PP[jndexl:WPCO1 11l*cOnv[jndexl;
Writeln(rCORRSNT VAL~S OF INPUT VARIAELES:’); Writeln;
Dlspp(pp,ppa,conv,nama,index,jndex); {Display input variablea}
Write(‘Type name of any variable tO be cha~ed (CR if nOn@)‘);
@tVar(at ,i);
If (i>O) then

begin
Writeln(‘Currently ‘,name[il,‘-’,ppe[i]:10:2);
Write(‘Typa new value>>’); RsadR(nitems,buf); x:=buf[11;
ppe[il:-; ppIil:-*cOnv[il;
If (i=ll) then iact:=Round(pp[ll]); gotO Ll; e~;

{ -------------------- SET-up COMpLE~. R~~~ysXS--~
Writeln(‘~NU :‘); Writeln(’ CR - R~ ANALYSIS‘);
Writeln(’ 1 - RSDEFINE INWT CONDITIONS~);
Write(’>>’); i:=-44; *adIn(i);
If (i<>+4) then goto MDEP;
Write(‘Typa note (CR if nona)>>’); Raadln(note);
{ ----- --- ~TE HEADING INFO TO OUTPUT FILE OUTF - -- }
Aaaign(OutF,OutFNam); Rawrite(OutF);
Writeln(OutF,lm,‘SEE1 VISUAL ACQUISITION ANALYSIS’);
If (kngth(note)>O) then Writeln(OutF,lm,‘ I NOTE :‘,note);
Writeln(OutF,lm,’ SEE1.PAS (Version ‘,version,’)‘);
Writeln(OutF,lm,‘ tiFNam= ‘,InFNam:17,’ VFNam= ~,VFNam);
Writeln(OutF,lm,’ ACFNam= ‘,ACFNam:1?,’ titFNam= l.,OutFNam);
iact:=Round(pp[n]);
Writeln(OutF);
Writeln(OutF,lm,‘INIT~L VALUES OF INPUT VAR~LES: ‘);
Lstpp(pp,ppe,conv~nama);
Writeln(OotF,lm,‘ROW VARIASLE:‘);
Writeln(OutF,lm,lm,name[index],’ ia varied frOm’,~in: g:2s‘ tO’~
xmax:9:l,t in atepa of~,xstep:8:2);
Writeln(OutF,lm,‘COLWN VARULE :‘);
Write(OutF,lm,lm,name[jndex],’ aaaumes valuea ‘);
For i:-1 to jmsx do

begin
If-(i=5) then

begin Writeln(OutF); Write(OutF,lm,lm,lm,lm,lm,! ‘); and;
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Write(@tF, ppcol[il:8:2);
end;
Writeln(OutF);

Out-conet(pp,ppe,conv,tabl,acname,index,jndex);
{------------------’- ---sTnT coLwN1mMT1oN ‘--’
For icol:=l to jmax do
begin
Writeln(’ NOW COMPUTING WITH t,name[jndex],‘” .PPcOl[icol]’:8:2);

PP[jndexl:WPCO1 [icoll*conv[jndexl; pavg[icoll:=0.0;
If (long-l) then

besin
WrIteln(OotF);
Writeln(titF,lm,‘SEE1 AN~ySIS : pAcQvso ‘,narne[indexl ~‘~ ‘‘
name[jadexl,‘=’,ppcol[icol]:8:2);
Writeln(OutF,lm,‘ t,name[index],’ RDOT u ~T ~sl,

1 RNG1 BEP1 PACQ1);
end;

{ ------------------- sT~TR~lTEMT1oN -------]
ix:-o; mal: -inastep;
While (=al<xmax) do
begin
ix:=ix+l;
xval:-val*step; ppe[index]:~val; pp[index]:~val*conv [index1;
Modulel(pp[ll],tabl,pp[18],pp[lg],pp[20]):
Module2(pp[9],pp[lO],pp[12],pp[17],PP[22],PP[23]);
Module3(pp[18],pp[19],pp[23],pp[21]);
Module4(pp[l],pp[2],pp[15],pp[16],pp[13],pp[141,pp[221,pp[261,pp[271>f0v)~
Module5(pp[4],pp[6],pp[17],PP[25]);
Module6(pp[3],pp[5],pp[17],PP[24]);

IF (DEBUG>=2)~N BEGIN NRI~LN(OutF ,! INP~ TO MODULE 7: mA=’, pp[211:9:6,
i BEFO=l,PP[26]:7:2,’ BEF1=’,PP[271:7:2);
WRITELN(MtF, ‘ DLW=’,pp[81:7:2,’ R=’,PP[71:7:2,’ ~T-’SPP[171:7:3); ‘~;

Module7(pp[21],pp[26],pp[271,pp[81,pp[7],pp[17],pp[24],pp[25],Pp[28]);
pavg[icol1:Vavg[icol l@P [281;
Exuuita(pp,ppe,cOnv);
If (long-l) then Writeln(titF,lm,ppe[index]:9:l,PPe[17]:9:l~PPe[21l:g:1,
pPe[22]:7:l,ppe[23]:7:l,ppe[24]:7:2,ppe[271:9:O~ppe[28l:g:4);
If (ix<32) and (fov>O.O) then table[ix,icol1:vpe [281
else if (fov-O.O) then table[ix,icol]:=-1.O;
end; {of index block}
{ ----- ----- ----- ----- - -- END ROW ITERATION ---- ‘}
pavg[icol1:wavg [icol1/nrOwa;
end; {of icol block}
{ ----- ----- ----- ----- -- - END COL~N ITSRATION - - - ‘]

{ ----- ----- ----- ----- -- - OUTPUT PACQTABLE - - - - - }

Writeln(OetF,‘PACQ TABU : ‘);
Writeln(OutF);
Writeln(OutF,lm,’ TASU OF PACQ VAL~S ‘);
Writeln(OutF); Writeln(OutF,lm,’ i,name[jndex]);
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Write(OutF,lm,‘ ‘);
For i:=l to jmsx do Wrfte(OutF,ppcol[i]:9:2); Writeln(@tF);
Write(DutF,lm,‘ i,name[Index],’ ‘);
For 1:-1 to jmax do Write(OutF,’ —---- ‘);
Writeln(OutF);
ufov:=FALSE;
For i:-1 to ix do

begin
x:~fn+(i-I)*xstep; Write(OutF,lm,x:8:1);
For j:=1 to jmax do

If (table[i,j1>=0.0005) then Write(OutF.teble[i~jl:g:4,
elee if (table[i,j]=-1.O) then
begin Write(OutF,’ xfov ‘); ufov:=TR~; end
else Write(OutF,’ * ‘);

Writeln(OutF);
end;

pp[index]:momval [index]*conv[Index];

PP[jndexl:~Omval [jndex1*conv[jndex1;
Writeln(OutF); Write(titF,lm,‘ avg.’);
For i:-1 to jmax do Write(OutF,pavg[i]:9:4); Wrlteln(OUtF);
If ufov then begin Writeln(OutF); Writeln(OutF,lm,lm,lm,lm,
‘( Note : xfov = target.not tithin field-ofwfew)’ ); and;
Writeln(OutF);
Writeln(OutF,lm,‘*-*-*-* END OF ANALYSIS *-*-*-*’);
Close(OutF);”
Writeln(‘O~P~ STOUD IN DISK FIU [‘,OutFNam,‘1‘);
{ ----- ----- ----- ----- -- +E~CT MODE FOR O~P~ - - - }
Writeln(’~~: ‘); Writeln(’ 1 = print results’);
Writeln(’ 2 = display results’); Writeln(’ CR = continue’);
Write(’>>’); menu:-O; Readln(menu);
If (menu>O) then

beain–-
ClrScr;
If (menu-l) then AuxOutPtr:=LstOutPtr elee AuxOutPtr:-ConOutPtr;
Asaign(OutF,OutFNam); Raaet(OutF);
While not’Eof(OutF) do

bagin
Kaadln(OutF,a);
{If (Length(s)>S5)then WRITELN(’ LENGTH(S)=’,Langth(s):4);}
Ss:@opy(s, l,Io);
If (as=’PACQ TASLE’) and (menu-2) then

bagin Write(’CR to view pACQ table>>’); Madln; Clrscr; end
else

begin
H (menu-Z) and (Copy(a,1,5)=’ ‘) then s:<opy(a,6,250);
Writaln(Aux,a);
end;

end;
Close(OutF);
end;
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Write(‘CR to continue>>’); Readln;
{ ----- ----- ----- ---- - -SELECT TERMINATION OPTIONS - -- }

Writeln(‘MEW :‘);
Writeln(’ I - m ANALYsIS (~EP pmVIOUS MODS)‘);
Writeln(‘ 2 = m ANALySIS (REINITIALHE ALL INp~s )‘);
Writeln(‘ CR = QUIT’);
Write(‘>>’); menu:-0; Raadln(menu);
If (menu-1) then goto L1 elee if (menu-2) then goto START;
Close(OutF);
Writeln(‘ OUTPUT SAmD IN ‘,OutFMm);
end.

C.2 Mating for SEE2

This section provides a listing of the Pascal code for SEE2. Each
procedure ia ahom seprately in alphabetical order of name. Those procedures
that are identical to those used in SEE1 are not included (thaY are provided
in section C.2).

PROCED~ Mapp2(Var pp,pp3,pp4,conv: ppty; name: namety;
xndex,yndex: integer);

{DISPLAY INPUT VARIABLES TO CONSOLE}
VAR stx: string[255];
begin
Writeln(’ - REFE~NCE PAIR - DWY SUS~CT’ );
Writeln(’ AC1 AC2 AC3 AC4’);
For i:-1 to 16 do

begin
atx:mame[i]+~ —-- ---- —-- ---- f .,
If (i~ndex) then Writeln(atx,‘ ROW VARIABLE’)
else if (ivndex) then Writeln(atx,’ FMATING VARIABLE‘)
else Writaln(StDiap(i,pp,pp3,pp4,conv,nam@));
end;

WriteIn;
end; {of PROCED~ Uapp2 Revised 7/30a/87}

PROCEDUW Nake_Coneistent(Var pp,pp3,pp4: ppty);

{----- W VI,V2,MG,AND R CONSISTENT BETWSEN PAIRS]
begin
pp3[91:wp4[lol; pp3[loI:7p4[91; PP3[71:VP4[71; PP[71:WP4171;
pp3[12]:~p4[121;
end;
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FuNCTION StDisp(index: integer; Var pP,pp3,pp4,Conv: pPtY;
Var rime: namety): str255;
Var vout: array[l..4] of real; i,formst: integer; et,ex: string[2551;
{ RSTURN PP VAR~LE PRINT-UT LI~ FOR 4 AC }
begin
vout[11:wp [index]/conv[index];
vout[21:wp [indexl/conv[index];
vout[31:Vp3[index] /conv[index];
vout[4]:WP4 [index]/conv[index1;
st:wame[index]+? ~;
formst:-l;
Case index of

1..2 : fomat:=O; 5..6 : fomat :=2;
a : fomat :=2; 11 : format:-O;
15..20 : formt :=0;
end;

For i:=l to 4 do
begin
If (format-l) then Str(vout[i]:10:l,sx)
else If (format-O) then Str(vout[i]:10:O,SX)
elee Str(vOut[il:10:2,ax);
st:-at~x;
end;

StDisp:=st;
end; {of Function StDisp}

PR~ED~ Ootpp(Var pp,pp3,pp4,ppe,conv: ppty; Var name: namety;
xndex,yndex: integer);
{Print input variables to OutF}
Var stx : string[2551;
begin
Writeln(OutF,‘ - RSFE~NCE PAIR - DWY SUS~CT ‘);
Writeln(OutF,’ AC1 AC2 AC3 AC4’);
For i:=l to 16 do

begin
stx:wame[il+r -—- —-- —-- —-f. ,
If (i~ndex) then Writeln(OutF,stx,‘ ROW VARI~LE’ )
else if (i~dex) then Writeln(titF,stx,’ FLOATING V~IABLE ‘)
else Writeln(OutF,StDisp(i,pp,pp3,pp4,conv,name));
end;

Writeln(@tF);
end; {of FRO~DURW @tpp }
Progrm SEE2; {Runs from default disk}
COnst

version=’B03’; eqnmi-2.70a72E-Oa; nmieec-2.77777E-04;
default=O.44444; debug-O;

70

I

—.-—.,..—.. —.._. .. .....-_.——-- . ...’...M=,— ...,,

-,-= -.,.,.-?/= .::j’wp=,.=&



“

Label ENDITT,Ll,L2,~DEF, ST~T;
Type

str255 = string[2551;
namety - array[l..321 of string[,4];
ppty = array[1..321 Of real;
rbuff - array[l..321 of real;
strng4 = string[4]; strng255 = string[2551;
tabty = arrey[l..16,l..4l of real;

Var
TFile,htF, InF : text;
area,ax,ay,az,befO,befl,betO,betl,dfdy,dlim,dy,dl,d2 : real;
fnew,fold,fovl,fovr,fstop,pacq,pacqref,pl,pr : real;
r,rdot,rngl,rng2,dyetop,tl,t2,thl,th2,vl,v2 : real;
x,xang, xtin,xmax, xsmax, xstep, xval ,y, ye, yfirst,Yll : real;
yn-,yold, ystep,yul,yO : real;
i,ii,iac,iact,index,iLST,ix,j,jmax : integer;
natty,niteme, ni t t ,nstop,xndex,~dex : integer;
conv,nomval,pp,pp3,pp4,ppe : PPtY; buf : rbuff;
table : array[l..32,1..8l of real;
name : nsmety; et : etring[4];
ACFNam,InFNam,OutFNam,SetFNam,vFNam : string[121;
acname : array[l..l6] of strigg[12]; note,e,title : strng255;
acid : array[1..16] of integer;
pacqac,pcol : erray[1..S1 of real;
tabl : tabty;

{$1 SEEMODS.B03}
PROCED~ &ke_Consfstent (Vsr pp,pp3,pp4 : ppty);
{--- - - ~ V1,V2,SANG,~ R CONSISTENT BE~EN PAIRS}
begin
pp3[9]:mp4[lol; pp3[lo1:mp4[91; PP3[71:7P4[71; PP[71:WP4[71;
pp3[12]:wp4[121;
end;
F~CTION StDiap(index : integer; Var pp,pp3,pp4,conv : ppty;
Var name : namaty) : str255;
Var vout : array[l..4l of real; i,format : integer; st,sx : string[2551;
{ RE~N PP VARIABLE PRI~4UT LINS FOR 4 AC }
begin
vout[1]:Wp [index1/conv[index1;
vout[2]:wp [index]/conv[index];
vout[3]:=pp3[index]/conv[index];
vout[41:~p4[indexl /conv[indexl;
st:-ame[index]+’ ‘;
format:=1;
Caae index of

1..2 : format:-0; 5..6 : format:=2;
s : format:=2; 11 : format:-0;
15..20 : format:=0;
end;
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For 1:=1 to 4 do
begin
If (format-l) then Str(vOut[i]:10:l,Ex)
else If (formt-o) then Str(vOut[iI:10:0,sx)
else Str(vOut[il:10:2,sx);
St:=st+x;
end;

StDisp:-t ;
end; { of Function StDiep}
FRocEDm Dispp2(Var PP,PP3,PP4,COnV : ppty; name : nametY;
xndex,yndex : integer);

{DISPMY SSS2 INPUT VARIABLES ~ CONSOLE }
VAR stx : string[255];
begin
Writeln(’ - WFERSNCE PAIR - DWY SUB~CT ‘);
Writeln(’ ACI AC2 AC3 AC4’);
For i:=l to 16 do

begin
stx:mame[i]+~ —-- ---- ---- ——?;

If (i~adex) then Writeln(atx,’ ROW V~I~LE’ )
else if (i~dex) then Writeln(stx,’ FLOATING VARIAWLE‘)
else Writeln(StDisp(i,pp,pp3,pp4,c0nv,nane));
end;

WriteIn;
end; {of PROCEDURE Mspp2 kvised 7/30a/87}
PROCEDURE*tpp (Var PP,pp3,pp4,ppe,conv : ppty; Var name : nametY;
xndex.vndex: intezer);
{PRINT-INPUT VARtiLi5 TO OUTPUT FILE, O~F }
Var stx : string[2551;
begin
Writeln(htF,’ - ~FERENCE PAIR - DE SUB~CT ‘:
Writeln(OutF,‘ AC1 AC2 AC41);
For i:=l to 16 do

begin
etx:mame[il+’ —— —-- —-- -—- !;

If (i=xndex) then Writeln(OutF,stx,’ R~ V~~LE’ )
else if (i=yndex) then Writeln(~tF, atx~ FLOATING VARMM ‘)
else Writeln(titF,StDisp(i,pp,pp3,pp4,conv,name));
end;

;

Writeln(OutF);
end; {of PROCEDURE Outpp}
begin {--------------- ‘------- sEE2,~a~~*~*~*~*, );
Writeln(!*-*-*-* SEE2 VISUAL ACQUISITION ANALYSIS (VersiOn

{---- MAD DATA FROM INITIALIZATION FILE - - - - }
InFNam:=’SEE2SET.B03’; Writeln(’ I INIT FILE HING :‘,InFNam);
&sign(InF, InFNam); MSet(InF);
Readln(InF,e); Writeln(’ I INIT FILE TI~E : [’,e,’]’);
Readln(InF,SetFNam); Raadln(InF,~Nam); Wadln (InF,ACFNam);
Readln(InF,OutFNam); Wrfte(’ I SetFNam=’,SetFNam);
Writeln(’ VFNam =‘,VFNam); Write(’ I ACFNam=~,ACFNam);

Writeln(’ MtFNam=’ ,OutFNam);
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madln(InF,acid [ll,acfd[2],acid[3]~acid[41~acid[5l~acid[6'l);
S:-’l; For i:-1 to 6 do If (acid[i]>O) then a:-a~hr(acid[fl ~;
Write(Let,s);
Assign(OutF,@tFNam); Rawrite(OutF);
$ ----- ----- --- W IN VARIAS= MS AND NOMIN& VALURS -- - -]
&sign(TFile, VFNam); Reaet(Tpile);
Raadln(TFile); {Skip label line}
For i:=1 to 28 do
Readln(TFile,name[i],nomval[ii,conv[il);
Close(TFile);
(-------------- --- - READ IN DATA FROM SET-UP FIM -- - - }.
Writeln(’Type name of file containing initialization data.‘);
Writa(!(CR for t,SetFNam,’) >>’);
Readln(s); If (Length(s)>0) then SetFNam:‘S;
Aasign(TFile,SetFNam); Reset(TFile);
yfirat:~efault; yndex:‘9;
Readln(TFile,s); Wrlteln(a);
Readln(TFila,title); Writaln(title);
Readln(TFfle,st,mdex,tin, xmax,xstep);
Readln(TFile,yll,yul,dystop);
Readln(TFile);
For i:=l to 16 do

begin
Readln(TFile,at,x,pp[i],pp3[i],PP4[i]);
end;

For i:=l to 16 do
begin
pp[il:Tp[il*conv [ii; pp3[i]:=pp3[i]*c0nv[il; pp4[il:Vp4[il*conv[il;
end;

Cloae(TFile);
{---- - T~LR OF AIRCRAFT C~CTERISTICS - - - - ]
Aesign(TFile,ACFNam); Reset(TFile);
nacty:=O;
While not Eof(TFile) do

begin
natty:-acty+l;
Readln(TFile,acid[natty],acname[natty],tabl[natty,1],tabl[natty,2],
tabl[natty,3]);
end;

ClOae(TFile);
Make_Conaiatent(PP,pp3,pp4);
{ ----- ----- PRINTOUT SET-UP DATA - - - - -}
Writeln( ‘SET-UPDATA FROM FILE ‘,SetFNam,’:‘);
Dispp2(pp,pp3,pp4,conv,name,xndex,yndex);
Writeln(‘FLOATING VAR~LE: 1,nama[yndex],~ for AC4 will vary to force equivalency!);
Writeln(‘ROW VARNLE: ‘,name[xndex],t stepped from*,xmin:8:1,’ tot,xmax:9:l);
Writeln(’ in atepe of’,xstep:9:2);
REDEF :
{----------------- ~~R E~STING ppV~UES ---------
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L1 :
Write(‘&pe name of any variable to be changed (CR if none)‘);
GetVar(at,i);
If (imdex) or (i~dex) then

Wrfteln(Chr(7),’ WARNING : THIS IS A PROGRAM40~OLLED VmWLE 1‘);
If (i>O) then

begin
Write(‘Type AC to change (l-4):>>’); Readln(iac);
Write( ‘Type new value>>’); RaadR(nitema,buf); x:=buf[1];
If (iac<3) then pp[i]:=x*conv[i1

else H (iac=3) then pp3[i1:%*conv[i 1
else If (iac-4) then pp4[i]:=x*conv[i]; .

Mab_Consistent (pp,pp3,pp4);
Writeln(‘WWSED SET-UP VAKIARLES :‘);
Diepp2(pp,pp3,pp4,conv,name,xndex,yndex);
goto L1;
end;

{ ----- ----- ---- - WRITE ~DER INFO TO O~FUT FILE, OUTF -- - }
Write(‘Type note (CR if none)>>’); Readln(note);
Writeln(OutF,’*-*-*-* SEE2 VISUAL ACQUISITION ANALYSIS *-*-*-*’);
If (Length(note)>O)then Writeln(OutF,‘NOTE:‘,note);
Writeln(OutF,‘ SEE2 ~RSION: t,version);
Writeln(OutF,1 INPUT DATA SET NM: ~,InFNam);
Writeln(OutF,~ INPUT DATA SET TITLE: ‘,title);
Writeln(OutF,‘ SetFNam=’,SetFNam,‘ WNam =“,VFNam);
Writeln(OutF,‘ ACZNam=’,ACFNam,‘ OutFNam.1,OutFNam);
Writeln(OutF);
Writeln(OutF,‘INITIAL VALUSS OF INPUT V~IABLES: ‘);
Outpp(pp,pp3,pp4,ppe,conv,name,xndex,yndex);
WriteIn(OutF);
Writeln(OutF,‘ROW VAR~U: ‘,name[xndex],‘ varies from’,min: 9:2,
~ tOt,xmax:9:l,t in steps Oft,xetep:9:2);
WRITSLN(OutF,‘FLOATING VARNLE: ‘,nama[yndex],‘ (between litits of’ ,
yll:7:2,f and ‘,yul:9:2,~)t);
Writeln(OutF);
Writeln(OutF,‘AIRCRAFT TYPES:‘);
Writeln(OutF,f ACID ~PE AK AY As’);
For i:=l to 4 do

begin
If (i<3) then iact:=Round(pp[11]) else If (i=3) then
iact:-Round(pp4[11]) else iact:=Round(pp3[111);
Writeln(OutF,t AC’,i:l,acid[iact]:6,’. ‘,acname[iactl,tabl[iact,l]:s:l,
tabl[iact,2]:S:l,tabl[iact,3]:8:l);
end;

‘

WriteIn(OutF); 1
Writeln(OutF,’ -- OUTPUT TABLE ------- ‘);
{--------: ::=----- -- START CWPUTATIONAL BLOCK- -- - - - }
ix:-o; xval:~min~step; yO:-p [yndex];
While (xval<~ax) do
begin
ix:tix+l;
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XVal:aval-step; pp4[xwdex]:mal*conv [xndex];
Writeln(’ >COmputing for ‘,name[xndex],”=’,xval:10:1);
Make_Consietent(PP,PP3,PP4);
{—------ FIND NFERENCE PACQ ‘—----}
pacqac[1]:=Fpacq(pp,tabl); pacqac[21:=pacqac[11;
pacqref:=1.O-(1.Owacqac[ll )*(l.0vacqac[21);
{- - ITRRATS PP4[YNDEXl 10 OBTAIN EQUIVAMNCy FOR SECOND PAIR oF At—-—--}
nitt:=0; nstOp:-10;
y:=pp4[yndex]; ye:~/conv [yndex]; dy:=10*dyatop*conv[yndex];
While (nitt<nstop) and (Aba(dy)>dYstoP*conv[yndexl) do

begin {BEGIN NIn LOOP }
nitt:~itt+l;
IF (XEYPmSSED) TWEN BEGIN WRITE(‘CR To CONTIm’ ); READLN(I); END;
IF (debug>=2) TWEN BEGIN
WRITELN(~tF );
WRITELN(OwtF,‘ - - -- BEGIN ITERATION NO. *,NITT:3,’ ------- ‘);
WRITELN(@tF ,‘ VALUE OF t,name[yndex],‘ IS NW’, Y:lo:4); Em;
fold:=fnew; yold:~new; ynew:~;
pacqac[3]:-Fpacq(pp3,tabl); pacqac[4]:=Fpacq(pp4,tabl);
IF (deb~>2 ) than WRITELN(htF, ‘ FOR ‘,name[yndex],’= ‘,ye:7:2,‘ kt’,
‘ pacqac[4]=1,pacqac[41:9:5);
fnew:-l.O-(1.0-pacqac[31)*(l.07acqac[41);
If (nitt>l) then

begin
If (ynew~old) then Writeln(Chr(7),‘!!CONVERGENCE FROBL~ : ~=yOLD”’s

YNEW:1O:4,‘ AT Y-’,Y:12:4)

else If (fne-fold ) then
Writeln(titF,Chr(7),‘!! CONVERGENCE PROBL~: fnew+old=’ ,fnew:9:5)

else
begin
dfdy:=(fnew-fold)/(ynewvold );
dy:=(pacqref-fnew)/dfdy
end;

end;

Y:7*Y; ye:~lconv [yndexl;
If (ya<yll) then ye:vll; If (ye~l ) then ye:wul;

Y:We*COnv [yndexl; pp4[yndex]:~;
Make Consistent(pp,pp3,pp4);
If Gebug>2 ) then

begin
WRITE(WtF, ‘ NITT mu DY FNEW FOLD DFDY‘);
WRITELN(OutF,~ PACQAC[3] PACQAC[4]’);
WRITE(btF, NITT:4,TE:10:3,‘kt !,DY/conv[yndex]:8:3,‘kt~,FNEW:10:4,’ ~,
FOLD:8:4,‘ ‘,dfdy:9:4);
WRI~LN(@tF,pacqac [3]:10:5,pacqac[4]:10:5);
end;

end; {of nitt loop}

I

I
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ENDITT:
If (nitt-stop) or (YV1l ) Or (Y7u1 ) then

begin
Writeln(OutF);
Writeln(OutF,“EQUIVALENCYSWRCH FAILED FOR X “ ,xval:10:4,’ ( nitt,Y=’~
nitt:4,9:12:4,’)’);
end;

{ ----- ----- ----- ----- END COMPUTATIONAL BLOCK - - - - - }
i2:
If (xval~min) or (debug>o) then Writeln(outF~’ t,name[mdex],’ 1,
name[yndex],’ pacqref pacq3 pacq4 ‘);
Writeln(OutF,‘<<’,xval/conv[xndex]:11:3,y/conv[yndex]:10:2s
pacqref:9:4,pacqac[31:g:4,Pacqac[41:g:4,‘ ‘>’);
end; {of x index block)
{PP[yndex]:=nomval[YndeXl*COnV[yndexl; } <
Writeln(OutF);
Writeln(OutF,‘*-*-*-* Em OF SEE2 ~ALySIS *-*-*-*’);
Close(OutF);
Writeln(‘kalysia complete - results stOred in ‘,~tFNam);
Writeln(‘MENU:‘); Writeln(’ 1 - print results’);
Writeln(~ 2 - display’results’): Writeln(’ CR - continue’);
i:-O; Raadln(i);
If (i>O) then

begin
If (i-l) then AuxOutPtr:-LstOutPtr elee AuxOutPtr:=ConOutPtr;
Aesign(OutF,OutFNam); Raset(OutF);
ii:-o!---
While’(not Eof(OutF)) do

begin
Raadln(OutF,a); Writeln(Aux,s); ii:=ii+l;
If (ii>=12) then begin Dslay(2000); ii:=O; end;
end;

Close(OutF);
end;

Write(‘CR to continue’); ~adln(i);
i:=O; Writeln(’MSNU :‘);
Writeln(’ 1 = NSw AWALYSIS (MODIFY PARAMETERS)‘);
Writeln(’ CR = QUIT’);
Write(‘>>’); Raadln(i);
If (i=l) then goto RRDEF;
end.
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