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EXECUTIVE PRECIS

An experiment using FAA air traffic controllers in an enviromnment
designed to be typical of low density airport terminals was ccnductred
at NAFEC during March 1971. This s2tting was used in order to compare
the ART3 III level of terminal automation with the present "manual”
system. A wide range of importent indicatore of air traific control
performance was used in this comparison intended as part of the
evaluaticn of the decision to exercise the optionm to purchase the
remaining (third) lot of ARTS III equipment; 64 installation sites
were specified in the initial contract, 29 sites remained in the third
lot option. In separate simulated experiments, both certificated and
trainee controllers were presented with identical traffic samples in a
s-atistically controlled enviromment. The important findings were:

1) There was a statistically significant reductiom in
commmications workloads due to ARTS III.

2) There was a statistically significant reduction in the time
that [FR and VFR aircraft were in violatica of minimum air spacing
standards (conflicts) dve to ARTS III.

There was an indicated reduction in conflicts between IFR
aircraft due to ARTS III.

3) There were no reductions in the time in system or increases
in the number ol aircraft handled that can be claimed for ARTS at the
level of automation and with the teruinal geometry employed in this
study.

4) There were no statistically significant differenczs between
the trainee arnd certificated controller groups im the categories of
time in system and numbers of aircraft handled. However, the trainee
group using ARTS I1iI showed a& statistically significant reduction in the
numbers of conflicts involviug IFR aircraft. The measurements for
safety for the trainee controller using ARTS was generally comparatle
to the certificated controller using ARTS. The performence of the
trainee group in separating IFR traffic with the manual system was
totally unsatisfactory.

5) Follow-on anaiyses of the conflict data were performed in an
attempt to isolate those specific features of ARTS III automation that
contribute sigrnificantly to the observed reduction in conflicts. These
analyses tend to show that Mode C or altitude informatien was an
important contributor, but this comclusion capnct be verified with
a high degree of statistical confjidence.
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Isilar savings in operating costs were claimed for ARTS III due to
reduntions in training required for controller certification. These
savisgs are not appreciable, however, and do not affect the study's
restlrs or conclusions. No dollar savings in costs. were claimed due
to veductions in comaunications workload.

The. doilar benefits likely to result from a reduction in midair
ccn .iginns, based upon the study's findings of statistically significant
@* 4 irences in the time in conflict for IFR x VFR aircraft, were
ess imated for a wide range of expected number of midair collisions and
#nr a similar range of values for the cost of an accident. -

The study concludes that the installation of ARTS III equipment
is justified for all locations involved in the third lot procurement

»
go the basis of using conservative estimates, the low end of the range,
for the number and dollar costs of midair collisions that are expected
‘to occur in t.ge next decade.
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SUMMARY

An experimert employing air traffic controllers from the Federal
Aviation Administration in a realistic, but simulated, *ermipal environ-
ment was conducted at the Hational Aviation Pacilities Exper®mental
Center (MAFEC) in Atlantic City, New Jersey, during March 1971. 1Ii.
purpose was to aid in deciding whether am optiom to buy 2w asys-ems cf
automated equipment -- designated as ARTS III -- should be exercised.

A contract existed with the Univac Corporation to purchase a ¢:.al of
64 ARTS 111 systems under three separate option agreements for (mstalla-
tion at major air terminals. The options to buy lots ome and two, to
be installed at the busier terminals, had already bzen exercised.

A simple terminal geometry, typical of th: less busy terminal
locations included in the third lot option, was devised as the appro-
priate setting in which to compare the ARTS III level of automation with
the present, so-called "manual" system. In isolated experiments,
certificated and trainee controllers were presented with identical
traffic samples under statistically controlled conditions. Detailed
measurements ‘. comparative system performance -- some &0 specific
indices in seven major categories -~ were taken. All measurements
taken during the run of the experimenc are shown in Section I of this
report, unedited, along with estimates of those statlstical measures
thought to be most relevant to the evaluation of significant differences
between systems. The statistical analyses cf these indices of
performance, designated to be measured prior to the runaing of the

experiment revealed the following genmeral resuits:
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. 1) There was a scatistically significant reduction, due to

ARTS 111, in the performance category of Communications Woerkload.

2) There was a sigvificant improvemert in the category of Safety,

-

due tc aalS III, as measured by the violations of miunimum sgrcing

§§§%§ ; standards {conflicts). Conflicts between a:rcraft receiv(ing navigational R
giigk assistance as well as a traffic advisory service from the FAA (those
ig “f operating under Instrument Flight Rules, IFR) interacting with air- hd
j~:‘k craft not under FAA control (those operating under Visual Flight

‘o Rules, VFR) were reduced to a statistically significant degree.
? < Conflicts between IFR aircraft were reduced to an indicated, though
fii*' not statistically significant, degree using ARTS III.

-

S 3) There was no reduction in the category of Time in the ferminal

0;& ‘ A.ea, and no increase in the Numbers of Aircraft Handled demonstrated
- by ARTS equipment at the level of automation and for the terminal

S - geometry employed in this study,

| 4) There were no differences between the trainee and .c.tificated
controller groups in the categories described zbove in item 3: Time

in the Terminal Area; Numbers of Aircraft Handled. The total

performance of the trainee group, iusing ARTS III equipment, was generally
comparable to that of the certificated group. However, the ability of

the trainee controller to avoid conflicts was highly unsatisfactory

LN when using the present manual system of control. This latter finding
ye
. fk indicated the possibility for aeriving dollar benefits from the reduction
5 © . - . ; . .
;\ in the period of training required for controller certification. This
{) “
,x;” \:A‘
5
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possibility, uncovered ir an experiment using slaulated conditionms,
has been verified by recent accounts of the experience in training
controllers in the use of ARTS equipment reported by the Atlanta
terminal facility.

The general theme suggested by the above findings is that ARTS III
equipment provides improved system performance in the most critical of
areac: safety. Based upon these experimental findings it was postu-
lated that a major factor contributing to the ability to control
traffic safely with fewer conflicts is the increased availability of
information in three dimensions concerning the location of all aircraft
within the terminal area. Aircraft for which spatial information in
the x, y and z coordinates is available are defined as '"known'" to the
system. All IFR aircraft meet this definition. The radar contact pro-
vides spatial information to the ground controller in two dimensions.
Radio communication with the pilot confirms the third dimension, the
aircrafc's altitude. Therefore, under the present. manual systenm,
infurmation in three dimensions is as recent as the last radio contact.
For the ARTS system, this information is updated to be as recent as the
last radar sweep, if the aircraft is equipped with a beacon transponuer
with Mode C capability (i.e., the capability to transmit altitude
information automatically, in response to an interrogation by a ground
based radar beacon). More importantly, according to the definition
adopted ~-- aircraft for which spatial information in all three dimensions

is lacking are .:garded as "unknowne" -- all VFR aircraft are unknown
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% éi? ;‘Z to the present system of terminal control, whereas that portion of the
3
i} %f VFR traffic equipped with Mode C transformers are known to the ARTS
5
" , g system. It is this latter feature of control that the study postulates
ﬁﬁiw . to be the discriminating element in the observed reduction in conflicts,
.
éds“~ . although other desirable features of control available from the ARTS .
jﬁf’ 'g may have contributed as well. An extensive analysis of the experimental
: § data was undertaken to investigate whether it was poasible to N
i specifically identify the features included in the package of automation
g' . g available from ARTS III that contributed most importantly to improved
$?° ‘ system performance. This analysis was designed to answer the questions:
Qi
;zi; 1) were the data on the target's ground speed, displayed automatically on
ﬁ; the ARTS radar display, important to the controller; 2) was altitude
information important; and 3) did the mere "freshness' of the data
y -
&}; . contribute to the controller's performance? The answers to these
L
Jg‘f} questions would help immeasurabiy in defining the requirements for
4 o -
R future installations of automated equipment. 3‘ o
,g A» An operational analysis of the data was performed, after the .
;% - experiment, by NAFEC personnel experienced iq the methods and procedures , ff"o é
kj ’ of air traffic control. In addition, The MITRE Corporation and the T ;Ga)
0~:Q‘ % Transportation Systems Center of the Department of Transportation N ﬂa ¢
) } performed separate statiscical analyses designed to isolate those . Lfi
%ﬂéi § automation features which proved to be most beneficial to the controller. )!G o ;\
°‘}{ 2 The results of these follow-on analyses are contained in Appendix A to | f: v
v | this report. A summary description of these post-experiment analyses . R

and their findings follow:
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1) The operational analysis which was performed by NAFEC applied

i g It el AR Lt

A B
4

judgne-tal factors based upon experience in order to weight the number

"

coaflicts by their degree of severity. The result was that conflicts,

v £ ae ARAU O RV S et s

kT o
adjusted for seriousness of the violation, were determined to be less

severe, in both herizontal and vertical directions, for the NAFEC

certificated controller and the trainee controller usins; ARTS. But,
E- it was not possible to specifically identify the automation feature
contributing most significantly to this result,

2) Tke MITRE Corporation conducted statistical regression analyses

5
RIPETRCLT TSR L PRPPIATH PR W TG PR 200 9. T L VIPPX ]

of the experimental data designed to determine a pattern for the number

of conflicts occurring on a controller's radar scope at any specified

Xl
I PR

= instant of time. Sample measurements of conflict information were taken
3 at one minute intervals. The analysis of these conflict measurements,
. & which included a consideration of the degree of seriousness of the

violation, revealed that the number of unknown targets on the scope are

2
ekt meenr e DRSS G AP R BN

2y
e,
&

a statistically significant explanatory variable of the reduced numbers

v

of conflicts observed for the ARTS system. This confirms the position

held prior to the conduct of the experiment. However, the analysis also

sz A

)
ARy

revealed that the factors which influence conflicts are so numerous and

'f' ' diverse that it is not possible to conclude on the basis of these data K
Y that any single feature of ARTS [II, such as Mode C or sltitude capa- ?
> %

bility, contributed in an appreciable way to the observed reduction in

E conflicts.
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3) The Transportation Systems Center was assigned the task of
performing some additional, more analytically sophisticated, statistical
tests to determine the contribution to improved safety made by the
addition of airborne transponders with Mode C capability. The idea
here was to determine whether these aircraft which are involved in
violations of airspace standards are affected significantly by the fact
that they were equipped with airborne transponders having Mode C capa-
bility. This is in contrast to the previous analysis which determined
that transponder equipped aircraft reduced system conflicts in general,
but which did not attempt to determine whether they were reduced for
those specific aircraft involved in the violation. Unfortunately, both
the traffic samples and the design of the experiment conducted at NAFEC
did not allow for this kind of extended statistical treatment. The
only conclusion peossible is that any effect that transponders with Mode C

might have in keeping aircraft having this equipment out of conflicts,

cannot be confirmed with high reliability by the experiment recently

conducted. It is hoped that this effect will be reinec:stigated in a future

experiment more appropriately designed to answer this specific question.
The results of the experiment -- all the data r~ollected, expressed

in their physical units of measurement -- are shown in Section I of the

study. An interpretative Section II, which assesses the validity of

applying these results from a simulated experiment to real-world

problems, follows.
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An estimate cf the doliar benefits likely to result from the
installation of ARTS equipmeat is shown in Sectiomn III. Since it is
not possitle to remove all of the subjective judgment that is necessary
to perform-these analyses, the array of assumpticns and inferences used
to obtain dollar.estimates of the benefits to be derived frcm ARTS 111
equipment are identified explicitly in this section in order that the

¥ reader might, at least, confirm the estimates.

One of the pitfalls of cost/benefit ;nalyses is that dollar benefits
are frequently double-counted, and more. However, it is usually
possible, when dealing with multidimensional indiees, to translate
changes in one dimension of performance into any of the others. For
example, a reduction in the safety dimension -- conflicts -- may be
translated into 1) a reduction in delays by asking the question: 'For
the same number of conflicts, how much longer would it take aircraft to
arrive or depart from a terminal using a manual system of control," or
into 2) an increase in controller capacity by rephrasing the question tc
determine the increased numbers of aircraft that could be handled for
any identical number of conflicts. Similarly, the reductions in
communications workload, which was demonstrated to be significantly

R lower for ARTS III controllers at very high levele of statistical

X confidence, could be translated into a quantitative measure of the

probability that any given communication channel would be congested.

This probability could then be re-translated into a probability of

reduced conflicts. But, it is clearly in error to compute benefits by

summing up the separate dollar estimates for 1) Safety, 2) Delays,
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3) Capacity, and 4) Commmication: Work:as when it is evident that
these seemingly different dimensions of performenmce are mot mutually
exclusive. HRowever, there is ome dimension to tke job of comtrolling
aircraft that d=zipates 21l the otkers, Safety. For this reason, tke
dollar amounts of bemefits attributable to ARYS Iii, shown in Section II,
are based primarily vpon this single, but critical, diwension of the job.
Dollar bepefits dve to increased safety were based uvpon the observed
experimental firding -- index 54 -- that thers is 2 statisticaily
significant difference in the time in conflict in the ter=ipal area
between known aircraft (IFR) and unknown aircrzft (VFR) due to ARTS iTi.
This experimental finding of a significant reduction in the time speat
in conflict was translated into a reduced probability of a midair
collision. Qther experimental findings, such as statistically signifi-
cant reductions in a wide category of measures for coommications work-
load were not tramslated into dollar benefits for ARTS I1I, but were
assumad to be complementary influences contributing to the observed
reduction in Index 54, the time in conflict. Therefore, except for a
small dollar benefit attributed to the experimentally observed, and
empirically verified, ability of ARTS III to reduce the time required to
train an apprentice controller, 211 dollar benefits are based on the
single job dimension of safety. Every attempt was made to eliminate
any redundancy in dollar benefits claimed for ARTS III.

The dollar amuunts of benefits shown in Section II were estimated

for a wide range of assumptions regarding the types of aircraft likely

- MM'@&_MMW*-*@%
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to be rmwolved in 2 midair collisise, 208 for a similar wide razmge of
i values asscned for che costs of these accidents. The racge of possi-

~', ' bilities for midair accidents imcluded a8 comsideration of collisicos

' betwesn snzll general aviarico a2ircra2ft with single cccopants ezrming

‘ R low incames to an alrerratrive comsiderzrio= of a2 collizior betweern

: Jjunbo iets full of passergers earmirg high imcomes.

ﬂ * The study conclvdes thar the instaliarion of ARYS IIf eguipment is
3 justified at 21i locations naned in the third lot procurement of ARTS IiI
¥

; even when the low end of the ramge -- small aircraft with sipgle

e

210,

occupants earaing low incomes -- are assumed to be typical of the

22

midair cellisicms likely to occur in the nmext decade.
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CAYD)IMATE SYSTEMS ROR CONTRCT X TEAMTARY IRE2S

Termical rrzffic comsists cf aircrzfr operzricg im the rermiral zres
oder eirher inezriment or viszal flighr roles (IFR or TFR). Afr traffic
comtrel afvisories -- mevigariooael assistznce plus separarics service -
zre gprovided for zll IFx rraffic ouvr o z distamre of some 40 nmiles, .
Czpending oo locarise.

i. The ¥Mzoaz] Systen

Covtrol of zircrafr exterimg or depertirg the termina! zirspece
reguires that each aircraft te identified precisely. Derziled informa-

tice regarding an 2ircrafr’s posiriorm, ziritude 2nd speed presently

reguire substzmtizl verbzl commmicarioss: 1) comtreiler/piles

commumication is reguired to vpdate =m zircraift's rhree-dimensionzl

position ané ro responi to control advisories; 2) termimal comtrcllers
commmicate with em route controllers zné amerg themselves in order o

transfer informztion and carry cut hermdoffs of comtzrel. For the most
pert, terminzl controllers must meintziz z memtal picture of zircraft
vader theilr control by observipg uvmmarked :target refiectiozs cz 2 radar
display, aided by flight progress strips on which pertiment aircrzft
informetion is recorded. The present ecuipment has no capzhility to
display 2 computer gerperated datz block adjacent to a radar target.

All targe*s appearing on the radar scope must be identified oy other

means. Linited target identification is availzble, howewver, 2t those

-

terninals scheduled to receive ARTS 111 equipment in the third lot buy.

These locations all have wide band radars and beacon decoding equipzent
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L
E czzedie of regreseotirg rETRecs By 2 sirgle slash if 2 grimmy rader

receon is received, aod by @ doudie peralilel siash if 2 secomiiry retcrm

V315

: iz reczived from & zircrafe’s beacon rrazospender. The essercizl ¢lameos
' is rixr the correlzricn betmwese the teacom slasies displzyed aod ehe
2ircrafr rarger’s idecyivry axf zlricode nost Be performed mac—zlly by

, referrirg to 2 set of flight progress strips stacked adjscenr ro rhe

E: radar dispiay.

3 2. The iRTS Ii Systen

ARTS FiI is & system of 2irbotme i grownmd compomETts, oS4 in
cozjeaction with existiog rader aguipment, capedlie of arrametic2iiy

éispizyirg informatior reguired for the comtrol of air rraific

information is displzeyed oz 2 cootroliler's rader sespe iz the form of

:: - ]
T 2isck of dara tezged to ezch target. The 2irdorme couporesnt of rhe
systen is 2 beacon treaspomder fher frzasmits 2 s-igmi iz response o 22
= imterrcgetion from 2 grewmé based vadar beacon. This interrcgetios is
mzde 2t each <meep of the terminzl's swyveillance radar; z secccdary
radar anterma is attzched tc the primery aatezmpe fsr the purpose of
: transmitting 2ad receivimg these signals. Tohe aircrzft's bezcorn resposs
is processed by a grouné compopent which decodes the sigmal imte 2
/ ) digitized electronic izpuise that can be represemted by &z numerical
display on a radar scope. A target can, thus, be identified znd tra: xed
continually at each sweep of the radar's antemna; i.e., every four
seconds. The quantity 2nd kinds of i1_forzation that are disglzyed
depend to a large extent on the amount c. information that is traasmitted
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by the zircrafc’s tracspomber. iIf rhis rramsponder is @ older cype

zapzdle of tramesmictiog ooly 64 discrere Jigitzl nesszpes, then the

Biliry to posicively idertif 7o aircrafc rarger is, of courss,

irmired ro this confer of codes. There is z clesr possibiiiry of

migidesrification of rargers. Bowever, the oewer znd nore srevalisot »

.. -

z3ee of trassporder is mot omly eguipoed witk e czpabiiiry for more

Eiserere codes, & toe2l of 506, bur rhey zre zlse czpadie of rrams-

mircing z sigoel which conteins Informerion regerdéinz the carget’s

2ivitede. & crznsponder whick provides informerisn sefficient for

idenrificatizn ad tracking is desigmared 23 hzviog Wode & czpeb

e

lirys

2 transpooder whick rraosmivts 2= 2irirude sigzal is desizmered zs

H Saving Wode € capebilicy. The &RUS Il eguipment is designoes, primer:iy,

= P - -

o e esed witk the mewer 509 code tramsponder with Mode € capebility,

2iroough the cider type of traospooder with &% discrete cedes caa be

: zoecommedzted snd provided with 2 rednred mumber of svtometed faztures.

22 essemtizi componsst of the ARYS i1l systexw is 2 growot based

bh

compu=ter. it is this compopent thet provides the zdfiticmzl levels o

autcmaticn thet Eistinguisk the ARTS 1ii system from less sophisticzted

ant less useful systems of comtrol. 3ezcon decoding eguipmesnt without

computer zssistance is zble to display tbe identifying code of 2a air- ¢

craft’s trznsponder in mumerical forz omly. 3But, this is pot the form

that is used im comtrolling trafiic or im tramsferring this control

froz the en route center to thke terminal, or between terminal sectors.




3
-1 - 2
Targers are typiczlly idenrified and coxrrolied by &= 2iphammeric ;
desigrat fcn. For example, z Unives Air Lires flight mmbBer 342 is
creszrrly written 2s Te 352 oo the plastic strips ocr "shrimp boars™ :
wick zre myved mamzily across the radar scope &s 2 flight progresses.
Haodoffs or trensfers of cootrol zre, likewise, desigmzted by =z 2
2iphe—meric imficztion of an zircrazfr’s flighr —mber. Less sophisci- 3
czred mom-couprrerized, systems 2re cepeble of attaching z mmerical
éatz dlock ooly, e.g., #6349 rather then 5 352, to z radsr targer. E
HBowewer, this tzg cowlé prove comfusing to 2 comtroller who mmst coo-
tinueily meke the mentz] correlation between 2 tremspender code and 2 H
£lighr mmber. :
The wee of storsd computer memory is zn efficient methed for :
zssisring the comtroliler iz me2king the association, without error, ”
berween radar targets znd the zlphemumeric datz zeedad for their coatrol.
However, once a2 coaputer is imnstzlied for this purpose, there are zddi- :
tional features that can be cderived from the computer’s zbility to
repeatedly perforz logical calculztions that enhance the controller's
ability to handle air traffic. PFor exaz=ple, the controller caam observe
=
2 target move 2long his radar display and gauge its speed under the ‘4
present systen of coatrol, by experiemce. But, this task becomes oore
difficult if many targets are being worked «nd the control:ier's atten-
v

tion is diverted. On the other hand, 2 -ooputer can record the time it
takes an aircraft to move between any two points -- the geography of a -
given terminal is stored in its memory -- and it can display the ground r
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spezd of zm zirborne targer directly upom the radar scope. Similarly,

the computer ca vse 2 stored progran of mathemztical alsgarithms to
anricipate 2 target's futvre track. Missed signals or signais shich

zre eguivocal, due to reflectiors or ghosts, caz be resolved aznd z dats
blcck 2ssigned to the appropriate target within aoy order of statistical
relizhbility. The additional auromated features aveilable from 2 computer
sofrware progran has evolved from comsiderable experience witk prototype
instzilarions st rhe %ew York City Common IPR Facility and at the Atlamta,
Ceorgis, facility. T2e autcumated ecuipment at New York, czlled ARTS 1A,
was comeissioned in jume 1969; the facility in Atlamta, called ARTS I,
beczme fully operaztional in September 1966. Toe list of akTS Iil features,
stown below in Table i, are curreztly in use at these facilities, but
both Yew York and Atlanta termirpals also bzve the eapability to track
targets based upon 2 response received from interrogation by the primary
radar. it is expected that the ability to track primary radar returns
will be added to the present ARTS III equipment in follow-on updating of
this equipoent. Inm addition, it is expected that such further automated
features as cozputer assisted sequencing and spacing of arrival aircraft
will also te added to current ARTS III capability. The use of ARTS Iil
as a platform for future levels of automation is an important element in
its design. ARTS 111 is designed to be modular: increased computer
memory can be added in discrete, medular, units either as traffic levels
increase or more automated features are desired. Despite these "platform”

benefits, the present study is limited to a study of ARTS III for ARTS I1I
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sake only. ¥> attempt has beer made to simulate any of the follow-on
features of actomation, or to impute bepefits from them. Instead, the
study attempted to comstruct the most realistic representation of the
following list of ARTS Iii features 2t its NAFEC facility and to limit

its appraisal to chesz features only.

Table I
MAJOR FUNCTIONS OF ARTS Iif

e The sutomatic placement of data tag informatior -- 1) alpha-
puoeric ideatity; 2) ground speed; and 3) altitude if target has
uode 1. '

e Automatic initiation and display for discrete coded transponder
targets on takeoff; no keyboard entry is necessary.

o Interfacility handoff capability which tramsfers alphanumeric
tags between the terminal and the adjacent en route ARTC Center
equipped Stage A automation of the National Airspace System.

e Intrafacility handoff capability which transfers tags from one
operating position to another within the terminal.

® Quick-look capability which permits one position to look at
alphanumerics displayed at another position.

e Automatic track drop which will eliminate the tags at a

predetermined range and/or altitude.

In addition, keyboard comtrols enable the controller to eliminate

fields in the tag, manually drop tracks and otherwise tailor the physical
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preseptation (intemsity of targets -- aiphanuserics, cperating range
and offset) to¢ his particular requirements.

@ FTlight exmergencies

A specizl ecergency code is inserted over the alphanumeric tag
of any flight which develops an emergency. This code appears om all
controller radar displays in the facility and an audible signal is
activated to alert zll controllers. One control position is then
assigned to work with the distressed aircraft until the emergency is
resolved.

A typical ARTS 111 display is shown in Figure 1. The wanual system
cau re described as a2 similar display inr which no data block is attached
to t- radar target shown. The writing of relevant information required
for the control of air traffic directly on the radar display is the
essential element of ARTS level of automation. The study's purpose is
to dete:r:sine whether the automatic tracking and radar scope display
of this information is sufficiently beneficial to justify the installa-
tion of ARI3 I1II equipment at “hose terminal locations identified in

the third lot optiom.

ARTS II1 Candidate locatiogqs

Table 2 identifies the terminals included in the third lot option
to buy. The itinerant operations for FY 1970 2t the primary airports
scheduled for ARTS III installations are also shown in this table. These
numbers of operations were a major part of the critevia uu-d to select

the ARTS I11I candidate locations. However, as a result of this study,
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}: Table 2 3 - 4
. AIRCRAFT OPERATIONS AT AIRPORTS
PROPOSED FOR THE THIRD LOT PROCURRMENT, ARTS III oy
¥ FY 1970 g
(In rhousands) ’%‘2
a3 Itinerant Operations® Q*gfg
9 Air | General Sum, B
% Airport Carrier | Aviation | Military |Itinerant | Local | Total i’é&
9 Tampa 83.0 | 61.7 0.7 | us.4 | 12.8]158.2 .
Baltimore 131.2 93.5 2.4 227.1 11.4 | 238.5 %
P Portland, Crezon 91.5 59.2 4.5 165.2 17.3 | 182.5 &
Orlando -- 136.9 2.0 138.9 57.7 | 196.6 o
3 Dayton 59.5 97.8 0.3 157.6 44,6 |202.1 i
3 A
E. Omaha 46.8 95.0 1.6 143.3 90.1 | 233.4 ’p.
I Nashville 63.9 | 86.2 7.6 | 157.7 | 51.1208.8 &
b Jacksonville 49.1 30.6 11,2 90.9 13.1 | 104.0 %
i Louisville (Stand) 83.3 41.3 8.0 132.6 14.0 | 146.6 3
Birmingham 48.1 87.4 17.1 152.6 78.9 | 231.5 :g
;~ : Hartford (Windsor Locks) 60.2 66.5 7.1 133.8 21.7 | 155.5 3
; salt Lake City 68.1 | 125.5 9.9 203.5 | 89.9 293.4 3
= Rochester, N.Y. 61.3 69.5 13 132.0 102.4 | 234 .4 2
Syracuse 61.3 49.8 9.7 120.8 29.9 | 150.7
o Tulsa (Int'l) 48.5 | 109.8 7.0 165.4 45.2 | 210.6
k. Albuguerque 46.1 | 98.4 29.6 176.1 | 39.2 1213.2 §
- Providence, R.I. 54.8 71.7 9.6 136.1 65.3 | 201,5
El Paso 38.2 95.3 22,3 155.9 84.1]239.9
Albany 50.1 59,1 1.9 111.1 35.1 | 146.2 :
i Tucson 36.8 | 65.9 10.6 113,3 | 8.0 }201.3 :
o Shreveport (Greater) 36.9 | 23.0 0.6 60.5 | 4.8 75.2 ,
- Charlotte, N.C. 62.7 86.8 A 153.9 11.0 | 164.9
Burbank 31.2 | 147.9 2.1 181.3 65.9 | 267.1
b Buffalo 82.1 | 55.5 1.1 138.7 | 30.9 | 169.6 ¢
) NAFEG (R#D) o :
E Raleigh/Durham 32.2. 71.3 5.9 109.3 38.2 [1.7.5 S
' Sacramento (Metro) 34,0 34.7 1.5 71.1 48,0 {119.1
Des Moines 35.3 82.3 7.9 125.5 60.9 | 186 .4
9 Milwaukee (Mitchell) 79.1 91.2 7.2 177.5 76,2 | 253.7
? */ Traffic activity at secondaiy airports is not included in this table. ‘
:*’ SOURCE: FAA Air Traffic Activity Report, FY 1970,
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it is racommended that the criteria for installing ARTS be amended to
include all aircraft that use the terminal airspace. Operations at
secondary airports are, therefore, included in Table 18 (p. 97). This
latter table of operations was the one used in the analysis of the costs
and tenefits associated with the installation of ARTS III equipment at

rter=inals with given levels of traffic activity.

ARTS TII Pacility and Equipment Program Costs

Table 3 identifies the procurement and other facility and equipment

costs attributable tc the ARTS III program.

Table 3
ARTS I11I F&E PROGRAM COSTS

(In Millions of Dollars)

Lot 1 Lot 2 1ot 3 Total
Yumber of
Facilities 12 23 29 64
$ Contract $11.504 $18.178 $22.200(1) $51.882
$ other (2 2.696 3,706 4 400 10.802
1.791® 1.791(3)
$ Toral $14.200 $23.675 $26 .600 $64.475

(1) of the $26.311 million current contract Lot 3 ceiling, it is
estimated that hardware, software and installation costing $22.200

million will be procured by the agency.

(2) 1Includes FAA regional engineering, site preparation, spares, factory
inspection, freight, supervision of contractors, on-site activities

and other "in-house' costs.

(3) 1lot 3 terminaticn cost being held by Office of Budget.
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DESCRIPTION OF THE ARTS I1T SIMULATION EXPERIMENT

A. The Facilit
The function of the Air Traffic Control Simulation Facility is

to provide, through the employment of simulation techniques, an
environment in which to study, research, and investigate present and
future ATC systems. These laboratories are located at the National
Aviation Facilities Experimental Center (NAFEC), Atlantic City,

New Jersey. The recently acquired Digital Simulation Laboratory,

through the use of its target generation equipment, data display
equipment and data collection equipment provides a means of conducting
ATC simulations under laboratory controlled conditions with unprecedented
precision. Figure 2 is a photograph of the displays and equipment used
in the experiment. The controller shown is a trainee from the Southern

Region.

B. The Experimental Design

An experiment which simulated the air traffic control procedures
at a simple terminal configuration -- one arrival; one departure and
one flight data/coordinator position, a type typical of the locations
in the third lot buy =-- was conducted at the NAFEC facility in March
1971. The terminal geography used in the study is shown in Figure 3.
Six teams of certificated contrcllers were presented with identical
traffic samples using two different systems: ARTS III and manual. Each

team had three members operating the positions described above. The
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exrire experinec=t wzs Tepezted for 2 stzxizrd groep of developmesral
(tmaize==) comtzolizrs. The trzffic samples were wepliczied im tEvee
ifferenr werieries. ARl senpies Beilr foom 2 Tow Izwel of acriviry
to 2 Ezgel estinzted wo be slizgitly Bigher then wher the voomal
coctroller cocld kzodle. TEe flow of treffic cocld e stopped By the

conrvolisr zt =—y time, ot the schednled time cf ecizy wa=s recordad,

= the resultz—t S2lzys doly moted. Tie icteot of rhe szperimess w=s
£0 icolzte differerces in Fe two caxiidete syster: of eoowol By

Bstressirg™ them vr—der stetisticaliy cootzolisd counditiges.

Tie oréer in which the tra2ffic szmples wese presexted to the
individoal teaws was statisticzily Baiznced in order to minimize z=y
effects éoe to differences in the samples z2z28 to estimste =7 effects
Gme to th2 orferipg of trisls. feree tears were pressented with
ozfer 1" (mzmeel trizls first, followed by ARFS); three with oxder ™2¢
(the oréder rew=rsad) as shown ia T2bie &. Tbe segoence of tTizis thar
coaverts tke éasign to 2 schednle of fowr exgerimentsl rums per ézy is
shown in T2ble 5. Each sizmulation triz2l run was of one borr's éoraztion.
Four runs per day represented the maximum schedule consistent with the
resources zllctted for the study. The experiment lasted ore month znd

-

consisted of 72 trials: 36 with certificated controllers, 36 with
developoental controllers. y
The proportion of air carrier, military and general aviation aircraft

inciuded in each of thke three sacple wvarieties -- A, B, C -- was based

__.—/ Por a detailed description of the RAPEC test plam see Ref. 1.
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cf szmpizs themmiyes, yeor pemmit systzoeptie “oerifalifngy oo™ ck the ¥
effecrs cf codier — e.g., firsr txfizl, secood exi=l, tif=d txi=l, A
% Sooth sempie, rot oesd in the experfmenr, wiil te emploged S -
? &heirem  Eamfi idzrirassfom w_, trizlis,
Ceorifiezted ComtopiZers )
M2l A0S
1 i Tri=i £l 2 3 # % 2 3 i
; Tezm i :
: £ =* B c a:* N 3
, i
- 1 [ 2 b E i
iiw B € 2 é bl < 2, i
I - + 1
; T 25 By ¢ a b c l
Grézxr 2 v c3 23 By % c a =)
Vi by ci 23 g b e a2
% Traffic szzple "a," 2 vaigue segoence, fraffic "mix"™ apd icentities.
%% Szoe as sazple "a" exactly except for target idemtities. i !
*%% Qrder 1 is Manual trials first, followed by ARTS systz2a trials.
oréer 2 is the reverse. :
4
An idenrical set of 36 rums is scheduled for the nopcertificated coatroller !
teans, thus a total of 72 experioental trials. :
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cpem 2 focaras of (he moobers of these zircceTr gt wreld Be afrfocme
zZ = regreserrzcfie boes deesfry teondmel typiceR cf the tifimd Bt
rorcorenesl.  The beacom trmspemder eprimmestt om BEoesd each czzenssy
of érerzfr wxs swermarmed o bez

i, Afr Cmrier 5% £005 with Mede ©
- b7/ €& cxdes

2. WEzdv=ny &% EI0G with pede €
plityA &% codes

3. Ezoes=E Avizticm &% 065 wish Mode ©
4 6% exdes

1,8 wiftoer Beaoon

A redom sznple wes dozen from 2 woiverse of aizeTaft bBevicg the
Sove ckzazcreviszics. The specific cfzsactesistics of 52 sampie
actr2lty enplicged in the simmizticn — repested tices fimes — axe

sheam iIn TSl €.

Szmpies 8, A% B, B': €, €'} were ideutical except for cBemges in
fiighr ifectity oomlers (e.g., EA 243 w=s ch=oped to T 32%) im 2,
pereeps, cverly ceoticos attempt fto timert "lezsoireE™ or memcrizing of
the traffic samoies. It is éoubrfvl thet such mevworizetion could toke
plzce, 224 2 s=hseguent statisticz] ersmioeticn of the tes:t results
izdicztes that in all prodbzbility oo iezrming did tzke pizce.

Sazpies A, B, C were randox selections érzwm from 2 populatics of
aircraft types sbtown in Teble 6, but 211 had the szme geperal traffic
ckaracteristics chown in Table 7. After a warz-up period of 15 =inrtes,
this teble indiczltes that the rate of traffic activity for each saaple

tuilt to a total of 26 IFR aircraft and 21 VFR aircraft during the hour.
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A_ Performence Mezsures

2 izrge cuober of meastres were determimed prior to the cozdect of

. e e s=s 2/ __ .. = o i sa =

the experiment to be significeat — indicztors of the complex job of
controllirg z2ir trazffic in the terminzl zirspazce. These zre identified

in Yebie 8, and zre summzrized Selow by category: the actusl record of

experirentzl resvlits, which are keyed to Table 8, is shown in Table 8A.

index No. Pescription Category
i-3 Aircraft Hendled
£-11 Tize in Systen
12-41 Cocx=umnications
45-48 Advisories (~bserved by referee)
51-56 Conflicts

The zbove categories of performance were monitored by computer and
recorded automatically with the exception of category 45-48, Advisories
"observed by referee.” 1t was felt, prior to the conduct of the experi-
=ent that certain critical facets of safety ia performance could not be
wonitored automatically. For example, a controlier using ARTS might
have the additional and highly relevant information that a VFR aircrafit
with a Mode C transponder was at a conflict altitude with an IFR
27__53;_§_azfai1ed description and rationale for recording thece

meas- res, see Ref. 2, It is important to note that the specifi-

cation of these performance indices was made three months prio:
to the conduct of the experiment.
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index No.

1
2
3
A
5
6

23
22
23

24
25
26

- 30 -
Table 8

Description of Indices of Perfornance

Fu=ber arrivals

¥ue—ber departures

Total arrivals and departures

Cozpleted system time, average for arrivals

Co=pleted systen time, average for departures

Actual flight time, start to rumway, average
for arrivals

Index 6 less index 8 = Actuval flight time

Actual fiight time, rumyay to termination,
average for departures

Actual flight time, handoff to rumway, average
for arrival

Actual flight time, runway to handoff, average
for departures

Total delay time, average for arrivals

Total delay time, average for departures

Time In communications:

Arrival controller - radio
Arrival controller - phone
Departure controller - radio
Departure controller - phone
Controller team - radio
Controller team - phone

Regquests for reidentification:

Arrival coatroller
Departure controller
Controller team

Requests for altitude verification:

Axzrival controller
Departure controller
Controller team

Directives for steering vectors:

Arrival controller
peparture controller
Controller team

{Cont'd)
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Table 8 (Cont'd)

Tndex Ho. Description of Indices of Performance

Average communications time per aircraft:

27 Arrival controller - radio

28 Arrival controller -~ phone

29 Departure controller - radio
‘ 30 Departure controller - phone

31 Controller team - radio

32 Controller team - phone

Average requests for reidentification per aircraft:

33 Arrival controller
34 Departure controller
35 routroliler team

Average requests for altitude verification per aircraft:

36 Arrival controller
37 Departure controller
38 Controller team

Average directives for steering vectors per aircraft:

39 Arrival controller

40 Departure controller

41 Controller team

45 Number of t.raffic advisories without altitude
informaijion

46 Number of traffic advisories with altitude
information

s 47 Number of traffic svoiding actions without

altitude information

48 Number of traffic avoiding actions with altitude
information

Number of separation standards violations:

51 VFR/IFR
52 IFR/IFR
53 Gross

(Cont'd)
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Index No.

54
55
56

61
62
€3
64
65

71
72
73
14
75

81-89

- 32 -

Table 8 (Cont'd)

Description of Indices of Perfcrmance

Total time in violation:

VFR/IFR
IFR/IFR

Gross

Probability a communication channel is busy

Radic - Arrival Controller

Radio
Phone
Phone
Phone

Departure Controller
Arrival Controller
Departure Controller
Coordinator Controller

Expected duration of call, given conmunication
channel is busy (expected wait time for nlear
transmisgion):

Radio
Radio
Phone
Phone
Phone

1ndices

Arrival Controller
Departure Controller
Arrival Controller
Departure Controller
Coordinator Coatroller

of "orderliness'; alternative weighting schemes
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aircraft that be was working. A traffic advisory or a directional

wvector wouid, tkerefore, be given to this IFR aircraft -- on a time
ewveilable basis -- in accordance with the present legally prescribed
procedures for controllers. On the other hand, the controller using

the caneal system would be ignorant of the zltitude of the VFR aircraft.
No advisory or change in directional vector could be given on the basis

of unknown information. A distortion in test results would occur. The
critical avoi-:ance of an unsafe situation would be recorded, automatically,
only as a2n increase in the time in terminal for an IFR aircraft. In

adéition, it would clearly not be valir to test for statistically

"

ignificant differences between the ARTS and marual systems of control
since these indices (46 and 48) are logically fixed at zero for the
m=zaval system. In the game way, no statistical interpretation is possible
for indices (45 and 47) which measure the number of times advisories
were given unnecessarily by a manual controller who did not have relevant
altitude information concerning VFR aircraft in the vicinity. For this
reason, it was decided to record category 45-48, derived by observation,
in a separate effort and to subject the data to independent ewvaluation.
This effort proved unproductive. WNo usefu! information was obtained
because, apparently, controllers think quite far ahead in maintaining
aircraft separation. It was, therefore, not possible, without recon-
structing the total thought processes of the controller, to determine
whether some specific evasive action was prompted by the display of
altitude information for a given airecraft. But, despite the fact that

catego y 45-48 provided 10 additional data, the situations described

-
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above were evidently captured sufficiently by the compu’ :r monitoring
of the other categories of performances: 1) the evasive actions taken
by the ARTS controllers were, cbviously, contributing factors to the
observed reduction in conflicts, category 50; 2) the fewer unnecessary
advisories given by ARTS coutributed to the reduced numbers of radio
communications observed for this system, category 12.

The following indices were derived analytically from the above,

observed, measures:

Indéx No. Description Category
60-75 Communication Channel Congestion
80-90 Indices of "orderliness"

The indices of channel congestion (60-75) are merely translations of
data previously obtained in category 12-41 into probability estimates that
some channel of communication will be busy, and into an estimate of the
expected time it would take for the channel to clear. This is a convenient
method that provides the analytical platform to allow for the exchange of
significant reductions in Communications Workload into the more critical
currency, Safety. Since it has been argued previously that such a trans-
lation involves a double counting of benefits, no such translation of the
increased probabilities of receiving a busy signal into an increasing
probability of a conflict was attempted. And, no additional importance
was attributed to the fact that the experiment demonstrated a significant
reduction, at a high degree of statistical confidence, in the probability

that a channel would te busy or to the fact that there was a significant
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reduction in the’expected waiting time for clearance. These facts

. ==

were considered to be mere reflections of significant reductions in
Communications Workload which have already been observed in category 12-41.

A separate and detailed zmalysis of category 50, Conflicts, was

H )

undertaken with the help of a newly devised measure, as index of

"orderliness.” 3/ This measure was deternined from 2 set of mathematical

equations that attempted to represent an zircraft's flight path. By

A

A e (RS
Gl Ry

Pied 3%
8
Gazpd SN

Sch,
o
LAY

extending the mathematical vector of an aircraft's heading and speed it
ng ng pe

is possible to predict the minimum separation distance between targets

PSR

for any given interval of time. The index then counts all instances in

e P 0

which this distance'plus vertical separation are below estabiished legal
standards. A violation of airspace separation stamdards is predicted to
occur unless the aircraft changes its heading, speed, or altitude.
Different indices were defined by using various weighting schemes in

an attempt to adequately describe the severit§ of the conflict. Are
conflicts which are one mile apart twice as s;vere as those which are
two miies apart (an inversely proportional weighting scheme); are they
four times as severe (inversely proportional to the square of thé dis-
tance)? <Several alternative weighting schemes were investigated. The

5 most recent of these versions -- index 89 -- is reported in Table 8.

However, the conclusions were found to be not severely affected by the

= £ . , L .

e s particular weighting scheme selected. As anticipated, the index of
% b
4 3/ A measure defined by A. G, Halverson of NAFEC. PVor a detailed
L, deseription of this measure, see Ref. 3.
e 8e 4
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“orderliness™ not only proved to b2 2 zood pmoxy for the cmber of

conflicts, bur 7o bBeve certein afvzzteges ower 2 direct mezstre of chese 1
conflicts. For on2 thing, the enzlzticelly derived index of “orderiicess”™

reflects th. severity of the violaticm, The direct count of the romber of

conflicts doss pot. Ipdices 55-35, Time in Comflict, reflect severity .
to a linited degrac -- i.e., it is worse to de in conflict for 50 seco=ds

ratber thzn 40 -- but indices 80-90 izpert both 2 dimension of time zzd

distance to the comflict. Puxrther, it was assunmed thzat thke recoré of

conflicts wouvid provide a pamcity of informetion suited to further

analysis. Conflicts are urpsuzl events and it is difficault to look for

patterns and attribute them to czuses when the data zre pot sufficieat

for this purpose. However, rhe irdex of “orderlimess" is a highly

visible aumber that can bz derived anmalytically at zny instant in tioe.

Morzover, as an index capable of continuous measureoent it is z=enzble to
mathematical treatsent Ly unsophisticated methods. Conflicts, on the )

other hand, are a discrete variable. At any instant in tize, either there

are conflicts or there are nonme. Dependent variables of zero magnitude

requite special analytical treatment. In suomary, indices 80-90 are

continuous xeasures of large dimension especially suvited for the purpose

of evaivatinyg patterns of conflict, but only if it can be established .
that they are an appropriate surrogate for the actual record.of

contliicts,

The Transportation Systems Center of the Department of Transportation

was charged with the responsibility of determining whether amy of the
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2igermer fve acfenes for estinerimg che indier of ooderifirgss cooid B
< s < = < &f . =
coosidered 25 2o epomopTizze prony fov comflicrs. T s 2 veswir of

this gork ir wes deremmined ther 2oy 2of 218 of the a2ltsrrecive schemes

for czlcmizrinz the infex of “ordzrliress™ conld fe csed 23 z comrirrocs
)
mezsere of cooflicrs. The map meEsstres, comfliicrs oo rhe index of
o-Ceriiness, were correlzted to 2 wery high eoder of stariscicai
icenricy.
index 82, the exsmplie “orderiiress™ mezscre imcloded in tiis repory,
is showz in T=ble 82 2s the zverezs welre for ome biove of simmizted

operations. Since 2z datziled exsmimzrion of the record of comflicts wes

emvisiomed a2s zn essentizl element of this stfy, 2 m2jor ocweIper care-

gory, baseé oo the index of “orderiimess,™ wes z8ds€ to the Iist of

indices skown in Table 8. 42 instentznecwus cowat of the zinds of targetrs --

beir pumber, the metbod of coztzol (IFR or TFR), the Ipe of tramspooder -~

{

Tecordad a2t ope wminute iaterwals., These éata togetber with the

;

determinztion ~f the nuxbzr of confliicts 2nd 2 derived estinzte of the
index of orderliness were recoréed for each ceatrslier position. Tos
conclusions 4rzwa from a2n apa2lysis of this recordé will be reporte

separately in Appeadiz A.

B. Reporting Format

A total of 36 observatioms for each of the two controller groups

B £ Mt shnrlieluto Stk

were made for the indices listed in Table B. An exazple of the reporting

e

ety
-
»

4/ Por a detailed description of this work, see Ref. 4.
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foomrr i shoemn for Imdiex B3 £n Tdlz 9. TEwee dpts excries wese mndie

for ezch gepn, smmpliz 20d coorrrol syEvenm: ) firsr helf-mrex; B) seccod

Exif-foer; 2@ ) oorzi for the Poow. Teblz 9 s 2 mzeced for the field

(cz=fire2) grocp ef comtrollizss, 2 grocp tiar wes ceed in the lzrrer B2lF

¥ L cf the ercecfrest. The moubers fm the cpper I=fr Eexd ooomer of cRe
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A, Desmirs

A &erxiled sommrey of the egesfnengal rasedss Sow 233 imdfrces
desrribed fnm Tadle 8 is shveam Below 2s Px3ie 843 fnder momber desipme-
tisrs zze keyed oo Tedle 8. Ezch ectry is the sritfmecfc mezn of
12 chseryaricrs (6 teaws, 3 sziples) for exxh of the o syetens of

ortTol, mErce2l a2nd ARYS, sommrsized By E=if Pooo 2od foorly tot=lis.

B. Ax=iysis

A stzvristicsl eoalysis designed to test for sigmifice-r differecces
in ke meas v2ices cotainsd for tfe twp systems of coctrol wes perfommed.
The Izve] of stetisricai sigzmificzare thst c2a Be attrifcted to 2oy
cbazrved differenwes in test resuirs is indicsted inm T=hi= 88, oder
“siznificzace.® Th2 oombers sown — .01, .05, etc. — zre czii=d
aiztz (g ) velmes 2od ars to B2 interpreted zs meszning thaer the ¢bsemved

-

differences in mezn velmes a2s lzrge 25 those sbhown iz Tebie 84 conid b2

ezxpected to D2 dee to chaoxe o=y ( percent (f.e., 1 perceant, 5 gercenmt,

etc.) of the zime. The stendzzd "™ test for determining sigaificant
differences in meszns was emicyed. An an2lysis of varizmce was performad
in oréer to elimip=fte those sources of error which could bz z2ccounted
for statisticaliy. Tbe residual, expzrizmeantal error, was used as the

denoxminator for the "t" test. Those differences which resusted in

d values of 0.25 or less are shown in Table 8A. This —eans that there




TRREET EESCRIFTION OF
IBOICES OF EER=URNANCE
AXD DAY ERSTETS ROR
AXFS TEE TS. MANTAW,
SIMCIATIIN CCRYIFECATED

Three row eatrees z2ppear for each ipdex to indicate:
1. 1st ©2if hour (low traific activity)
2. 2pd helf hour (high traffic activity)

3. Full hour (cozbined traffic activity)
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Tebiz 88 (Co=x*d)

CERTTFICATFED CONEROEEERS NIE-CERTEF ICATED CORTHOTIERS

ISTEX [MENTAR ARYS FEY |SIESIFECANCE IMINTAT |ARTS FIE | SICSIFICANCE

}.‘

MDET ¢ &ZRICTaZt
i 10.61 10.28 .25 1061  1G.56 -
£.50 14.06 13.61  1I3.50 J
25.1% 24.33 2£.22 2£.056 ‘
2 i7.4%  17.61 7.6  17.83 s
955 20.33 2250 22853
37.28  37.%% £0.&%  £0.67
3  23.06 27.32 22.56  28.39 !
3£.3%3  3%.39 35.11 35.33 g
62.32 £2.28 6%.67  6%.72 ;
1
_3 <
& 840 857 .25 812 825 "3}& X
1317 1189 .25 1130 1153 i
923 1654 .25 920 1503
], 5 721 722 762 705 %
- ©07 €95 827 831 3
: 819 81% 771 775 ¢
; 6 824 852 .25 805 818 %
1083 1172 .25 1695 1127
- 976 1033 .25 967 991 c
6-8 216 205 .25 200 186 .25 PR

317 310 297 2590 .10
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- £3 - = -~
Tebie 84 (Cont'd) e
- .{;‘ -
=
CERTIFICAYED CONTROLIERS ROW-CEXTIFTCATED CONTROLIERS =
DOER | MANTAL |ARYS IXI | SICNIFICANCE |MANTUAL |ARTS ITT |SIGRIPICARCE e
10 12% 48 .25 99 10% S
- 352 23 .25 348 £10 .25 SN
255 3¢% .25 238 276 .25 S
11 19 29 L 6 -~ :
- 183 173 83 o0 E. -
100 9% %0 4§ A
12 316 280 .01 3%9 33 .10 :
£57 £i6 .25 £72 4gi
773 695 .05 821 811
13 123 35 .01 118 £0 .01
43 &L .01 120 41 .01
266 78 .01 238 80 .01
% 251 215 .10 247 224 .25 ;
300 260 .25 329 310 .25 o
550 £7s .10 576 535 .25 v
15 155 35 .01 193 27 .01 v
227 73 .01 264 35 .01 g -
392 110 .Gi 457 62 .01 i
. 16 566 494 .05 596 555 .10 ;
-3 756 676 .10 801 791 2
Iy - 1323 1170 .05 1396 1346 .25 . e
e 17 292 79 .01 321 73 .01 .
g 438 195 .01 464 133 .01 i
- 731 274 .01 786 206 .01 |
] number of actiomns ‘
, . 18 .56 .00 .01 1.17 .00 .01
2.00 11 .05 4.11 .06 .10
-3 2.56 11 .01 5.28 .06 .05
B , 19 .06 .28 .25 .11 .00 .25
: .56 .22 .05 .33 11 k.
.61 .50 b .11 .25 g ,
. 20 .61 .28 .25 1.28 .00 .01 B
2.56 .33 .05 4.44 .17 .10 -
3.17 .61 .01 5.72 .17 .05 E
21 7.11 2.61 .25 2.64 .83 .05 ;
' 6.06 2.78 2.83 2.11 -
. 13.17 5.39 .25 5.28 2.94 .05 E !
o (Cont 'd) o
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Table 8A (Cont'd)

A N S Ny et P e P ™

CERTIPICATED CONTROLLERS RON-CERTIFICATED CONTROLLERS
g TNDEX | MAXUAL |ARTS III |SIGNIFICANCE |MANUAL |ARTS III |SIGNIFICANCE
T 22  16.11 3.61 .05 10.61 2.56 .05 ;
5 18.56 5.06 .01 13.89 4.44 .05 ’ v
£ . 34.67 8.57 .05 24,50 7.00 .01 ,
g - 23 23,22 6.22 .05 13.06 3.39 .05 i
Y ; 24.61 7.83 .05 16.72 6.56 .01 -
47.83  14.06 .05 29.78 9.94 .01
24 36.28  36.39 48.06  46.06 .10
55.44  61.06 .25 64.89  71.11 .25 :
91.72  97.44 .25 112.94 117.17 >
- 25  10.72  8.89 9.83  10.00 j
3 11.89  12.39 12.83  13.50 ,
22.61  21.28 22.67  23.50 !
26 47.00 45.28 57.89  56.06
67.33  73.44% .25 77.72  84.61 .10 s
1145.33  118.72 135.61 140.67 .25 i 3
i3
; seconds per aircraft g
= 27  29.67  27.28 .10 33.22  31.39 .25
I 31.72 29.78 .25 35.22  35.67
iy 30.83  28.61 .10 34.17  33.72
g 28  11.78 3.56 .01 11.11 3.78 .01
g 10.00 3.22 .01 9.00 3.00 .01
- 10.67 3.28 .01 9.89 3.39 .01 g -
- 29  14.33 12,11 .05 13.78  12.56 .25 g
¥ 15.06  12.83 .10 14.67  13.56 .05 153
: 14.72  12.50 .05 14.50  13.28 .05 3 E
30 9.44 2.11 .01 10.89 1.50 .01 .
; 11.72 3.67 .01 11.67 1.67 .01
10.56 2.9 .01 11.44 1.44 .01 “
31 20.17  17.67 .01 21.00  19.50 .25 12
22,32 19.61 .10 22,28  21.78
21.28  18.72 .05 21.61.  20.67 .25 :
5 32 10.39 2.83 .01 11.17 2.67 .01 J
§ 12.94 5.56 .01 12,94 3.67 .01 ;
11.72 4.39 .01 12,17 3.28 .01 1.9
= (Cont'd) i
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Table 8A (Cont'd)

CERTIFICATED CONTROLLERS NON-CERTIFICATED CONTROLLERS :
INDEX | MANUAL |ARTS III |SIGNIFICANCE |MANUAL |ARTS IIT |SIGNIFICANCE !

. actions per aircraft
33 .05 .00 .01 1 ,00 .01 F=

] .14 .01 .05 .32 .00 .10 §

.10 .00 .01 .21 .00 .10 :
34 .00 .02 .25 .01 .00 .25 3
.03 .01 .05 .01 .00 , %
.02 .01 .01 .00 .25 z
35 .02 .01 .10 .04 .00 .01 7
.08 .01 .05 .12 .00 .10 3
.05 .01 .01 .09 .00 .05 T
36 .68 .25 .25 .23 .08 .05 %
42 .20 .21 .15 &
.52 .22 .25 .22 .12 .05
37 .92 .21 .05 .59 .14 .05 >
.93 .24 .01 .62 .20 .01 :%
.92 .22 .01 .61 .17 .01 =
38 .82 .22 )5 46 .12 .01
.71 .22 .01 46 .18 .05
.76 .22 .05 .45 .15 .01
39 3.43 3.58 4.57 4.40
3.83 4.34 .05 4.82 5.28 .10
3.65 4.00 .05 4,70 4.89 .05
40 .62 .50 .25 .54 .56
.60 .62 .57 .59
.60 .56 .56 .58
41 1.68 1.63 2.03 1.98
1.96 2.13 .25 2.16 2,34 .25
1.83 1.90 2.10 2,18 .10 .

. number of actions AN
45 5.67 .67 .01 5.83 3.72 .10 };}é
46 .00 .22 .25 .00 .89 .25 p
47 .39 .00 .00 .00 fgzg
48 .00 .00 .00 .11 98
51 .50 Libh .06 .06 P

1.50 1.11 .25 1.28 1.78 .25
2.00 1.56 .25 1.33 1.83 .25

(Cont 'd)
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Table 8A (Cont'd)

CERTIFICATED CONTROLLERS

NON-CERTIFICATED CONTROLLERS

INDEX | MANUAL JARYS III {SIGNIFICANCE |MANUAL JARTS III |[SIGNIFICANCE
52 94 .78 1.28 .78 .10
4,06 3.56 4,06 1.89 .10
5.00 4.33 5.33 2.67 .05
53 4.44 4,28 5.78 5.9
15.89 16.00 18.94 18.67
20.33 20.28 24,72 24,61
time in seconds
54 64 32 .25 10 14
85 58 .05 65 87
149 90 .05 75 101 .25
55 37 19 .25 65 40 .25
178 182 354 142 .10
214 201 419 182 .10
56 238 171 .05 26% 220 .10
767 736 947 781
1005 907 1209 1001

probability

.176
.253
.215
141
.168
.152
.068
.078
074
.091
.126
.108
.002
.037
.021

.157
.231
.193
.118
.146
.132
.020
.022
.022
021
.042
.031
.003
043
.023

YIRS

XA S A IS
3..&.&1;5 i lii ‘,.‘% N
i .

REESSAIIN T




- 47 -

Table 8A (Cont'd)

CZRTIFICATED CONTRCLLERS NON~CERTIFICATED CONTROLLERS

INDEX | MAKTAL |ARTS TIT | SIGNIFICANCE | MANUAL | ARTS IIT | SIGNIFICANCE

tire in secords

71 2.i& 2.04 .25 2.40 2,42
2.1¢9 2.01 .10 2.33 2.42 .25
- 2.18 2.03 .19 2.36 2,42
7z 2.47 2.37 2,69 2.70
2.21 2.20 2,50 2.59
2.33 2.28 2.58 2.64
73 7.63 5.65 .01 7.25 6.33 .05
.71 6.59 .01 8.24 6.32 .01
8.81 6.25 .01 7.80 6.52 .01
7% 10.14 7.15 7.91 7.25
8.66 8.38 9.47 7.80 .10
2.69 8.31 8.82 8.67
75 1.60 3.00 3.69 1.96 .25
11.66 10.91 7.76 5.32 .10
11.72 10.88 7.76 5.37 .10

B index of orderliuness

89 277 159 .25 425 172
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is a statistical likelihood of three out of four that the observed

e maiae e

oy

differences were due to some functional cause; not chance.

- v

PR WY

x

A short note is, perhaps, in order to remind the reader that
the @ level at which an observed difference is comsidered to be
significant is not a matter to be settled by the statistician.
A rational decision requires that the practical, not statistical, .
significance of a difference be considered. Only the manager
responsible for choosing between alternative systems of equipment
can assign the appropriate practical value to be placed on
differences between candidaste systems. To repeat, the statistician
can make quantitative estimates of the differences in means and he
can indicate the likelihood that these differences are attributable
to real or functional causes, if certain assumptions about the
frequency distribution of events are made, But, the relevant
determinant of differences between systems must always depend upon
the costs involved in making either of the two possible types of
statistical error: rejecting a hypothesis that the systems are 4
not different when, in fact, they are different, b) accepting
a hypothesis that the systems are different when, in fact, they
are not. The costs of making a mistake in either of the above
two ways determine the practical significance of the experimental
results. The statistician's tools can tell us nothing about this,

) RN

RO Y

The costs involved in accepting the hypothesis that ARTS equipment
results in fewer conflicts than the use of the present equipment when,
in fact, it does not, are the costs associated with buying more expensive
equipment, needlessly. However, if we reject the hypothesis that ARTS
is safer when, indeed, it is, then we are making a mistake of greater .

dimension. 1In order to guard against this very costly error -- the

precise degree of cost depends, remember, on the subjective judgment of

the person charged with making the decision ~-- we should be willing

to accept the premise that ARTS is better than manual at a practical

N i a2
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ievel of significance that is in considerable exces$ of statistical

significance. 3/

v

On the other hand, there are cases in which the practical level of

significance may be less than some conventional level of statistical

significance. For example, indications of differences in comunication

workloads; especially those imvolved with talephore cozzmunications have

]

less practical significance. 1Ignoring, for the momer*, any a2ncillary

¥

conciderations of safety due to the fact that lines may be busy at

inopportune times, differences in the number of telephone communicatiors

can alwe s be accommpdated, cheaply, by installing more lines. (Not so,

perhaps, for radio communicatioms, especialiy if the 1imit of available

ffequencies has been reached. Ho&ever, this limit is not likely to be

reached at any time in the near future for the specific terminal

locations in our study.) For this reason, we should insist on very

high levels, of statistical signific¢ance before we accept the premise

that ARTS requires less time in phone commurication than the manual

system, The level of statistical significance determined by experiment

did prove to be very high; a = 0.01.

5/ A succinct description of the point we are making can be found in the
New York Daily News of May 15, 1972, (p. 20). Under the headlimne
"Heart Drug Dropped After Death Rate Study'" there appears the
following quotation attributed to Dr. Jeremiah Stamler, a noted
cardiologist at Northwestern University Medical School in Chicagno:
"The number of deaths,” he declared, "was not statistically
significant but one prefers not to wait for statistical signifi-
cance =-- you quit., In medical research, above all there is a
responsibility to avoid harm. That is why we made the decision."

o
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Most icportaarly, no date revealed by the expzriment indicate that

ARTS is less szfe thza the mzoeval systexm. Teere is po evideoce, bowever

irplicit, that ARTS deoes barm.

To tee coatrary, the evidspce indicates tket ths poteatizal
for increased safety is probzbly being vmderstzted in the tsble
of resuits presested. If inferences are érzwp from the entire
second bBalf of the experiment which veed trazimee coantrollers,
the potentizl exists for the ceortificated controller to cée even
better ia their zbility to separzte IFR = IFR 2ircraft. it caa
be argued that the trainee controller’s improved performznce with
ARTS was the result of this grouvp being less zccustoomed to the
maneal system. 7The opportumnity to discard old hzbits ard to
utilize the zutosated systen more fully will be rezalized, ia tire,

-~

to a greater extent by the certificated controller,

1t is also essential to point out that it was never the study's
intention to analyze the experimental data for isolated imstaances of

statistical significance. Soc=e 240 measures were recoréed -- zbout
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80 separate indices in three time periods -- and it would be a2 siople,
as well as incorrect matter to highlight those indices which favored

ARTS to a statistically significant degree, and igncre 211 others. We

have already indicated how statistical significance can be am irrelevant

criterion for decision making, but since this was the criteriom
i3 established in discussions with the panel of reviewers in the Department
,? of Transportation and the Office of Management and Budget, we had no

choice other than to accept their dictate of this criterion. However,

we voluntarily imposed an additional, more stringent and valid, standard

of analysis based upon logical, and not merely statistical, cousiderations.

We attempted to determine the causal or inherent differences between

systems, Explanations or hypotheses to explain these anticipated

bt e
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differences were propesed before the roooirg of the experimecs. Differences
obserwed in performarce meascres bad to Be zecocmted for By 2 caxsal lirk
to 2 rezl differecce between trhe AKFS 2od mermzl systers. Foo ex=mple,

it was anticipated thar the substantive coctribotion made by ARYS FEE

ecripment wes the comtinval display of inmform=tricon relevzst to the comrrol

of aircraft: siphe—wmeric idenrity, gromd speed znd 2litimmde. It wes

expected that 2 cootroiler wouid rezet to this informatiom by tekinmg an

e

increased oumber of zctioms to zvoid conflicts; actices whick, obwicuvsly,
wouvld mot be taken in the 2bsemce o0f sech informsticn. Sefiice it to szy,
we éid observe that index 26 —— "directizes for steerimg wectors™ -- were
higher for the ARTS system=. With more steerimg vectors given under ARTS,
ceasistent with thesis that tha data block is relevant to the eoatrol
of aircraft, there is thea no logical explanztion to zccouat for azn
expectation that the time spent in termimal coatrol -- index 8 -- would
be less using ARTS. The ezpericment verifies that it is not.

Finally, we icoposed 2 staandard for the zmalysis that is similar to
the standard of statistical sigmificance in that it was dictated to us
by the panel of reviewers, and is equally susceptible to spuricus or
irrelevant conclusions. This additional standard limited the analysis

. to only those differences which could be translated into dollar benefits.
Throughout history, the essence of the contribution made by
automation from the days before the imvention of the plow, to the
sewing machines of the 19th century, and including the wonders of
today's technology has been the ability to reduce the variation in
individual performance. We now live in a world where few of us
ever know the pleasure of nibbling at a tub of great tasting butter,

but we seldom are also disappointed in the other direction. "Homoge-
nized" is the label that typifies today's products and services. Our
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sreel doiving machinmes, most pmotedly, sre sill ot Z3E= o
compere with ghe Izve zod Izgesdzoy 3oim By, B they cam gox
érive etemyooe else. It is the Diliry ro coodoce 22 coreryicg
sta=dzrd of perfosmenre from 2 Izsger comber of wochers cher is ;
the trowe miracle of zoromzriom. So, too, wirk ARYS FEE, ir w=s

exrpecred ther some ipdivicdmel coctroller csirg olisr merbnds coold

ocperform other conrrollers osirg acrometed tecimicres. The more

inportaor grestion wes whetber 211 comtrollers, imelodirg che

Icrliesr perfommer, corid Be Brocgtr to 2z standsrd thet demprastrared -
2 oerrow recge in perfommence for 21l vsers of the ecoipmesnr. MoTe
efficient plaroimz for faciligies zof merpower, aod less selectrive
recruitine merbods frem elite pogolztion grocoss ooly, wowld resole.
Therefore, provisisn was mede to zmzlyze the standsrd dewisticon —
2 staristiczl measvre of the weristion inm indfivide=l controliler
performenee — for every infex specified in Teble §. Brr, despite
the importerce of this meastre, there is oo odiective wey to assign
Solizr bepefirs ro it. For ex=mple, it is possiblie to report thar
the steodzré deviation for index 35 — "tize in conflicts for

IFR x VFR a2ircraft™ -- was £0 seconds for the cervificzted coo-
trolier evsing ARVS =3 127 seconds for the mem—2l controiler.

[N U
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Bzsad vpom the zbove discussion of what it is that sxtemarion
. rez2ily cecatributes, it wowric seem that this is vseful znd relevaent
54 E)

information to the éscision mz2ker, tvt simce it czz=wot be expressed .
2s z éollzr bensfit, me listimg of deviztions Irece:éeé for the
study's indices of performence is provided. 2

—

For the szme reason, there was Do wey fo sssign dollar bemefits to
ARTS' 2bility to readily identify ezergency situations. Specizl codes
assigned to 2 variety of fligkt ezecgemcies zre as imvaluable aid to :

.
- Pyt - #

a2ir traffic control. However, it was oot possible to sinulzte ezergeancy A

sitevations in ths praseat study. Aad, evea if we could sizulate these
situations the result would be a perveise one which found that ARTS

benefits are negative. TL- only way that ar exmergency situation could -

'MW.W"‘“ T e, gt ~
N o " .,

s
¥

iy 3

be reflected ia our study would be in the increased cormunications

vorkload recorded by the ARTS facility working the emergency.

Ly

Vg

6/ The complete body of data for all indices is available from the FAA
Office of Aviation Economics to anyone with a legitimate need to
know. The calculation of the appropriate measures of standard

deviations can be made from this body of data. This calculation and
their interpretation are left as exercises for the interested reader.
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Io sommezy, 28R chesswed differences in expecinecezl resclirs ahich
Ezre 123 o3 to cooclode ther XS egufipmenr sieoid be fmorallzd 2r thoee
termimzl Iccztices specified inm the tESrd Iot cptfoc meer the Followicp
critesiza: 1) they are staristically sigmificect, 2) they zwe Rogicaily
teczdie 2d cemsziiy Rirted to differences o eccipmest tech-ology, 203
3) they zre EBzsed oo graorifizble esrimzres of becefits, exgmesssd in

- Colizrs,

The theme deweloped in this srody, the resd to elinfrere the probiem
of “rhmowo™ targets, is 2 profersd ooe thet enbreces meoy alter—arive
soirtions. It is pecessery to stress thet the simmizted experrmens
waich wes comiocted 2t EAFEC was limited to 2 choice betmeen two levwels
of zrtomation dafimed as ARVS iii 2o mar=2i. XNo other ziterpatives
were consicdered. As 2 resuir, this stady is silent coocerning the
effectivensss of amy other zitermatiwes. The prodlems and time imvoived
in ipstituting chzages in termipmzl procedures or seczralicn stenderds
are, likewise, unknown z22d pot stvdied. However, the experiment
éemonstrated that conflicts resuiting from the zbove interactiom could
be reduced with no chzmges whatewer in curreant procedures zpd practices
of terminal coatrol. Moreover, changes in procedure, consideratioans
of terninal control areas or cther oethods for separating aircraft, are
not really alternatiwes to the introdection of ARTS I11. An iromic
conclusion of *he study is that instead of it being more difficult to
justify the installation of ARTS III at the less dense terminals, the
instailation of a technological (automation) solution tc the problem

of IFR x VFR interactions makes more sense at these terminals. ARTS I1I
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is, protediy, mot & goiffcfsrs solctcicnm 2T the moo= desoe cemrimpis.
Tis dues oot mean, cecessEsify, ther ARMS IV oo ASES X wooid Be
Berper. Ir mezws rint & procedocrzl chesge is, poobedly, ceedid to
complznexy the Inproverests in egntpmenr. The szixczriom pofrr im rée
=iy to displzy tergers — the linirs in Bezcom techrolcgy, compoter
czseciny, cizracser writirg 2od the corcrollers =Hiliry o sscimilzre
ke infomrzniom for the fmcresszed rrmbers of tawgers ther Zre oot -
"Errwa® to bim — will, cofordrediy, be z mzijes problem recuiricg
dirioezl messtresto solve the prodism of coicwwn aircreft = m2jor
termimzls. AZVS I¥i will 2llow for =m0 icrerin solcrign, 2 bBreathimg
spece, while these zirermetrives zre sgoght. 23 the Bresrbine spece
will be greztest zt the less dense termine=ls, Thezefore, z major
impiication of this stwdy is thet it is pecessasy to Beve 2 coocerted
commitment to the solmticz of the prodlem of IFR x V7R Imteractioms.

ARTS Tii is indicasted a2s 2 feasibie solrtion to this prodlem at those

iocations located in the thiré lot buy.

C. Highlights 6f the Test Pesvits

The salient features £ the expericent are suc—arized im Table 10. -
ia the pext section, D, 2 detz2iled discussion of those ezperizental
results that are most critical to the study's conclusioas will be
presented. This section su=marizes the highlights shown im Table 10.

1. The operations count -- the total nunber of arrivals and

departures, index 3 -- handled by controllers did nor differ significantly

between the ARTS and manual systems.

B
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| TEfs cocer did mor differ zs well berwess the mmy comtmoller
* groeps:  ozTrificened a-d rrafmze. TR dzrz for theoe grocos were
2Txzys zzelyzed segerzrely. Yo poolirg of resulrs took place
i Between groops io exder to iccrezse the ikelitood of demposrreticg
? stzrisrical significzore. Bowever, where sgproptizte, inferecees
f were made berween grovps, withoot zttribucirg steristicel sfgnifi-
. czc2, in order to poovide addfiricoel frformstion shocr ow the
compering systems coctrol rraffic.

-

Ii. e time in systen for arrivire airvcraft, fzder 6§ — messrred

from the time rhe aircraft ecter the experfiment from =2 “ghost™ position,
representine 2o e rovie cociToel cecter adjecent to the rermdmel, eomril

the £irsl zppreech to the reowsy — wes higher, to 2 marginelly

- - -

significenr degres, (0 = 0.23) for AR¥S TFI.

The time in the termimal syster for zrrivimg aircrafr, index & —-

measrred from the tinme of the kendoff to th2 terminel controller voril

YR

the Ein2l zpprosch to the rowey ~- was higher to a2 mwore significant
éegree (d = 0.10) Zor 2x7S Iii.

The 2bove data for the time in systex coafirm that reselts were
czusally linked to differemces in ecuipmeat. ARTS equipzent has such

features 2s zn zutomztic handoff of control betusen the center and the

terninal aznd an autoxatic handoff between sectors of a2 termimzl. Therefore,

based on the results shown for the tice in systen there is strong reasom to
velieve that the observed differemnces between systens were not haphazard
events but rather a2 confirmation of the fact that a valid expericent took
place. Por example, the separate indices measuring the time in systenm
(mumbers 6 and 8) both indicate that aircraft controlled by ARTS were in
the system longer. But, the difference in these indices (6 minus 8)

measures the time it takes to transfer control from the en route center

R o % g S e T o e A e . . - A
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to the termizal; and this meascre fzvors ARTS. Index (6 =ines 8) is

obsezved to be less for ARTS because this systenm uses eguipzent designed

4 to proviés zn sntometic bendoff cazpzhility. Por this szze reasom, it is
. ' argeed that the indices measuring the time spent in cocmmication

’ (12 through 17) zwe lower to 2 statistically significant dagree for the

-

- ARTS system beczuse of physiczl differences in the eguipzent vsed.

—~s

. inis

(24

s especially trre of those indices reasuring phone coumications

(index 17; g = .01). Ageain, ARTS ecpleoys an avtcmatic bandoff feature

i ] between terninal sectors, aad less tice is needed for comtrollers to
coordinzate these handoffs.
Indices 27-30 measure cocmunications on 2 per a.rcraft basis, but the

nu=ber of operzations handled did not differ =uch between systeas so that

3
S e e mmeEeas R -

-

these differences, while statistically significant in favor of ARTS,

cerely confirm the pattern previously reported for indices 12 through 17.

et e wem 3

Sl Finally, in demomnstrating that results are not likely to be random

3

occurrences whick are not related to inheremt differences in the systems,

the number of requests for altitude verification (index 23) and target

reidentification (index 20) were significantly less for the ARTS system.

f’i' ARTS equipment was designed to provide these reductions by its continued
. display of altitude information. The experime - ~onfirmed our
¥ expectations.

III. The experiment revealed that the use of ARTS III equipment is

likely to result in a reduction in the number of violations of airspace

»-V ‘ (conflicts).
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2) 1Index 52, the nusber of conflicts involving IFR x IFR

aircraft were observed to be reduced for the certificated controller

using ARTS. This reduction is indicated to be of great practicil

significance a2lthough not statistically significant at an @ level of

0.25. A detailed discussion as well as a sample by sample cozparison

of results for this index will Fe provided beiow in section D.

This same index was significantly lower, in a statistical sense,
for the non-certificated group of controllers (g = 0.05 for the com-
bined hour). However, in keeping with the ground rules established for
the study, no cross-pooling of results between groups took place. The
finding of a statistically significant reduction in index 52, a sensitive
measure of performance,was used only to infer in a quélitative way that
certificated controllers could be expected to do better with ARTS; to
improve by an amount equal to that shown for the trainmee group after
they had thrown off the imertia brought about by the habitual use of the
older system. But, in addition, this finding indicated the possibility
for 2 modest dollar benefit attributable to ARTS because of the demon~
strated ability to reduce the time required to train controllers.

b) 1Index 54, "The Time in Confliet for IFR x VFR Aircraft," was
observed to be significantly reduced for the certificated controller to
a high degree of statistical significance ({@ = 0.05) for the half-hour
of high activity as well as for the combined hour of traffic. Time in
Conflict incorporates a measure of the severity of a violation in

separation standards, and this finding was considered to be the most

s mt—— AN et
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v ogewn sy

important of the entire set of experimental results. The observed

A\

difference in this index meets all of the evaluation criteria we imposed.

The difference: 1) was observed to take place while certificated con-

et S s e

trollers were operating the equipment, 2) was determined to be statis-

i

B,

tically significant, 3) is logically tenable and causally linked to

differences in the equipment, and 4) is translatable into dollar

RS TIars

benefits. This translation of an experimental finding into an estimate
of dollar benefits is shown in section III below.

c¢) 1Index 55, The Time in Conflict for IFR x IFR Aircraft, 1
indicates that the trainee group performed poorly with the manual system,
Their rate of time in conflicts for the high half-hour of activity was
an average of 708 seconds, (2 x 354), or 11.8 minutes out of each hour

of active traffic, The finding that trainee controllers were in con-

flict approximately 20 percent of the time while using the manual system
was taken to be another indication that reductions in the time to train

controllers were possible with ARTS.

d) The comparison of the indices of orderliwess was found to
favor the ARTS system. This index was proposed in order to correct for
anticipated deficiencies in conflict data. Midair collisioas are rare
events, and conflicts in airspace are not likely to occur with great
frequency. After all, the entire system of control ~- men, equipment ‘

and procedures -- is designed to prevent confilcts. This is decirable

from everyone's point of view except the dispassionate analyst who cannot
p P P y

- use his tools of analysis to discern patterns and differences in conflicts

i

O |
"f% when the data are few. Previous experience with a simulation of the

”i
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Baltimore terminal area 1 did not yield conflict data of sufficient ? .
accurazy and quartity to permit an objective judgment of results. For ;
thirs reasca, it was felt that a proxy measure should be used. This é :«
measure was designed to count all the instances in which there would be g

|

a conflict unless a controlier intervened. This index predicted the .
future path of all targets under a controller's jurisdiction, and i -

recorded all instances in which minimum standards of lateral and vertical

airspace were violated. These instances were aggregated into a composite

index with the use of a somewhat arbitrary weighting scheme to reflect

the severity of the violation. It was faélt that this would be analogous

to measuring the comparative number of commands being given by, say, a
traffic policemen at a busy intersection. It‘ﬁould be .ruitless to
compare the relative numbers of accidents or collisions ¢t such inter-
sections., But, it would be a meaningful comparison to record the numbers

of commands that had to be given in order to provide for a safe inter-

A mand e T e ol A AT TSNS AT YA e et A, & ot N R
b -
\

section, In the same way, it was anticipated that actual conflicts in

PR

the terminal airspace would be rare, but the study intended to argue that
a system which required fewer commands on the part of the controller in
order to avoid conflicts would be a more "orderly" and, hence, a safer

system than one which required a greater number of commands, .

- et = St N e il

Index 89 is a composite index of orderliness for both the arrival
and departure positions. It shows 2 statistically signifigent reduction

in favor of ARTS (@ = 0.25).

7/ See Ref. 5.
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A¥rborgh 't was anticipated that the demonstration of a favorable ;’
é‘ resvle im this index would provide a strong argument for ARTS, when the 3
; earire peckage of zesults was analyzed, it was discovered that this index f
;i wes, indeed, 2n izmportant measure, buc for a different reason. For one 3 gg
%, . thimz, there was no lack of conflict data genmerated by the experiment. E :
Tolike previous atteopts at simulation, the equipment used in the f 2
- sresveat experirent was vastly superior in that, for the first time, : 3
-; rraffic could be presented in digitized form with sufficient aceuracy to )
%* exzble conflicts to be measured directly. Because conflict data did ' é
;? zppesy ia ezple quantity to allow for statistical judgments to be made, ;7
g there was now 2o trgant need to resort to a demonstration of differences %
% in 2 ssbstitute ceasure, the index of orderliness. But it was possible to é
i rezp other amalytical benefits by attempting to establish the validity ?l
’4 of this measure. A "spin-off" an..ysis was performed to relate this i :
index to the conflict data in order to determine whether it measured i
iﬁ so—e important facet of air traffic control, or whether, perhaps, it was i
z:; merely an arbitrary measure that fluctuated at random?
= .
'l Two sepzrate pieces of evidence indicate that it is more reasonable 7
] ] to conclude that the index of orderliness is related to sssential :
f . functions of air traffic control: T
3
1) The investigations by the Transportation Systems Center 8/ ;

demonstrate a very high correlation betwsen this index and the number

F of conflicts.

Y —————

i 8/ op. cit. Ref. 4.
'
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2) At the end of the experiment, A. G, Halverson ranked the
performance of all controller teams engaged in the simulated experi-
ment solely on the basis of his index of orderliness. An indep.udent
ranking was also made of controller performance by D, 0, Brown, the
project manager for the NAFEC experiment. The rankings were almost
identical.

With the evidence of statistical equivalence as well as indications
of functional validity, it was decided to use the index of orderliness
as a proxy for conflicts in subsequent analytical investigations of
the probable causes for conflicts in terminal airspace. An instantaneous
count of all targets on the radar scope was made a: one minute intervals
for the duration of the experiment. Since, in any given minute it is
possible that no conflicts would occur, the analysis of these conflicts
would require sophisticated mathematical manipulations. Statistical
regression analyses which relate traffic characteristics to a dependent
variable, Conflicts, for which zero values are possible, can be quite
messy. Not so, when the index of orderliness is substituted as the
variable. A detailed discussion of the subsequent investigations of
the causes of conflicts, using the index of orderliness as a substitute
measure of these conflicts is presented in Appendix A.

IV. The investigaticus into controller capacity indicated no
statistically significant differences between systems, Alternative ways
of defining capacity and estimating its dimension wera tried. A

detailed description of these efforts is provided in section D, below.
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In general, attempts were made to estimate the comparative time it took

each system to become overloaded and to go into "holding."
V.- Analytical extrapolations.of:the experimental data were com-

pleted successfully and are reported in detail im Appendix A. In
. ! ' . N

summary, these analytical investigations were performed to relate the

observed number of conflicts to characteristics of the traffic sample:
? ; :

1) the density of traffic by type: IFR; VFR; 2) the proportion of'

targets having transponders with Mode C capability. These investigations
: . i . . !

. indicate that the number of unkmown targets were d statistically

significant variable contributing to' conflicts and more importantly, .
* |
i
that  there was a statistically significant reduction due to ARTS in the

number of conflicts associated with increasing levels of unknown traffic.-

T ' i
H

In addition, these investigations indicate that the so-called '"gas

1

molecule' law which theorizes that conflicts will increase as the square

of the number of airborne targets does not apply to the case in which

these targets are under the discipline of an air traffig control system.
1 .

. i '
Conflicts were observed to indcrease at a constant percentage of unity

as IFR traffic increased; an exponent closer to 1.0; not 2.0. For these

investigations, the number of conflicts were represented by the index
’ |

.

of orderliness. However, the reliability of the results of this follow-

'

on analytical effort is qu%stionable, and will be discussed as a

separate topic in Appendix A. '

D. Detailed Analysis of the Test Results ‘

J

In this section, a detailed discussion of results will be bresented

ot i+ vmn e = =
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of the following topics: a) Controller Capacity and b} Conflicts:

A Measure of Safety.

&) Controller Capsacity

If one could measure the rate at which inputs were comiag into
a system, and the rate at which they were leaving, it would be a simple
matter to define the capacity of the a as the point at which the
arrival rate exceeded the exit rate. 1In effect, this definition
measures when a system '"backs up," or in the case of terminal control
when it goes into "holding;" 'R,'" as defined below exceeds 1. But,
these attempts performed by The MITRE Corporation were not successful.
It seems that from the very first minute of the simulation, the rate of
arriving aircraft exceeded the rate at which aircraft were exiting the

system.

rate of entry of aircraft
rate of exit of aircraft

R=

Another method was, thevefore, tried in order to estimate the
point at which each system reached its limit of capacity. Very simply,
this method recorded the time the first "holding" instruction was
given during each trial. The NAFEC team of observers were told to

record this time in a format similar to Table 11.

The idea is that it is possible to estimate the relative
sizes of beer mugs by.measuring the time that the pourer first
stops filling the mug, and withdraws the bottle. This is not
only a good estimate of the relative size of the mugs, but it




interacts with the pourzsr'’s estimate of this size; exactly what

we want to ceasure.

In generzl, 211 coatroller tea=ms issved their f£first instructiom to
hold after zbout 30 minutes of traffic buildup. It was hoped that a

. sample by sample comparison of the exact times the imstruction was given
would reveal a pattern sufficiemi. for making an objective judgment
regarding controller capacity.

Team I illustrates a pattern suificient to conclude that the ARTS
system became cverloaded at a latzr point in time than the manual system,
when confronted with the identical traffic sample. With sample A, team
I issued their first "hold" instruction at 9:32.43 AM, using the manual
system; at 9:42.22 A M, using ARTS. With sample B, this same team
recorded times of 9:28.56 A M. with manual; 9:37.47 A M. with ARTS.
Wich sample C, the times were 9:35.09 A M, manual; 9:36.55 ARTS. With
each sample, team I went into holding at a later time when using the
ARTS system. The conclusion would follow that the ARTS system resulted
in greater controller capacity, if this pattern were repeated for all
teams or even a majority of the teams. But, the pattern for the other
tezms was too variable to draw any such conclusion. The average time

’ that a "hold" instruction was first given for all teams was 9:32.18 for
manual, 9:33.18 for ARTS. Again, this is inconclusive evidence of

increased capacity.

LN
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i Table 11 ’l
. RATEC CEXTIFICATED CCNTROLLINS !
A, |
TEAMS A B c 1 & B __C ;
: o
g 1} 09:32:43 | 09:28:56 | 09:35:09 09:42:22 | 39:37:47 | 09:36:55 :
!
2 09:26:05 | 02:24:50 | 09:24:25 09:16:29 | 09:28:14 | 09:23:12 )
3 09:30:56 | 09:26:33 | 09:26:08 09:21:05 | 09:38:40 | 09:37:24

3 4 §09:41:25 | 09:41:35 | 09:36:15 09:39:00 | 09:33:42 | 09:42:03
5 09:34:00 { 09:38:19 }09:25:15 09:26:27 §09:31:35] 09:36:41 ,
6 09:31:43 | 09:38:46 | 09:39:10 09:33:40 | 09:38:33 | 09:35:29 :
3
! ‘
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3 Bowever, it is ipteresting to pote that on the 7lst rua ottt
of 2 toral of 72 in the experiment, the trainse cemtroller workirg b
F the arrival position did mot issve 2 "hold" instructioa dering the : 3
eatire hour wirile using ARFS. And, he did perform to the average
of his grovp in the 2biiity to =zvoid conflicts. Burt, this ewent

SRl i O

g o S3aee

- 3 was not Tepezted zad is, therefore, za isolzted exz—ple oaly of : I
- the potential for increased capzacity availzbie from ARTS. . -~
3 . There is a clear te—ptation to conclede, therefore, that based upoa s

1 the experirental results there is no increzse im coztroller capacity

dezonstrated by the ARTS systea. But, this conclusion ignores the

previous discussion coacerning the ¢ifficulty in evaluating a oulti- 7 ’
A dimensional system. To draw conclusions in one dimension requires that %

the performance im all the other dimensions be held equal. However, :

this is not the case for the present evaluation of controller capacity.

The number of conflicts were not equal. This is similar to am evaluation 3

of a typist's performance based -nly on speed without a consideration of

the number of mistakes that are made, ‘
Figure 5 9/ indicates the time each system was in a conflict of

the IFR x VFR variety. This figure was devised to highlight differences

in system safety, and it is introduced together with a detailed dis-

cussion in the section on 'tconflicts"offered below. But, this graph

could just as readily be interpreted to indicate controller capacity

. by assuming some fixed time in conflict, and then comparing the levels
of traffic handled by each system. For example, for the same value of ‘
two minutes in conflict, the ARTS system can, according to Figure 5,

handle approximately 82 aircraft per hour; the manual system 67 pex

9/ See page 81. ) ¥
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borr. The cooclusicn thet there is either: 1) fewer conflicts, or 2}
increzsed czpzcity is 2 metter of choice that depends on thke particuler
facet of performance that the study wishes to highiight, In the saze
vay, it can be argued that z2lthovgh the nusbher of IFR targets on the
controller's radar scope at any instaat in tize showed po differepcs in
th2 nuober of targets being worked, the capicity of the ARTS syste=m was,
in reality, =uch greater. Both systems had an average of five VFR
targets on the radar scope at every instant of time. To the mamsal
system, however, these targets imparted little information, but these
same targets equipped with Mcde C transponiers were providing the ARTS
controller with additional relevant information that required his
further action. In effect, then, the ARTS controller was working a
total of 17 targets compared to the manual total of 12.

Figure A.1 10/

was drawvn in order to highlight the differences in
the number of conflicts that result from the fact that the ARTS coutroller
is, in reality, working with more targets known to him and is, there-
fore, able to perform with fewer conflicts, For example, for an
identical value of 1.4 for the index of orderliness, the ARTS system

can handle, at any instant, an increased number of unknown targets of

the sample varieties included in the experiment: The manual systam can
handle 1.5 aircraft; the ARTS system, 4.5 aircraft.

It would, therefcre, not be accurat2 or fair to codﬁ}ad{ that there

are no differemces in controller capacity. The more reasonable conclusion

19/ see page 145, Appendix A.
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is that the study chose to dempmstrete differences in the most criticel
of the performence measures, safety. For this reason, the experiment
was design2d to uncover differeaces in comflicts, vander comtrolled
conditions. This cooproxised the a2bility to discover differences in
other perforzence measuvres. If differemces im coatroller capacity are
consiéered to be of critical importance then it is reco——ended that 2
different experineat, ome that has been designed to elicit these special
differences, be performed.

b) Conflicts; A Measure of Safety

This section of the report deals with those findings desigpated as
being of critical importance, prior to the conduct of the experiment. A
detailed presentation of these results are shown in the following tabies

12 through 15:

Certificated Controllers

Table 12 Number of Conflicts (IFR x VFR) Index 51
Number of Conflicts (IFR x IFR) Index 52
Table 13 Time in Conflict (IFR x VFR) Index 54
Time in Conflict (IFR x VFR) Index 55

Noncertificated Controliers

Table 14 Number of Conflicts (IFR x VFR) index 51
Number of Conflicts (IFR x IFR) Index 52
Table 15 Time in Conflict (IFR x VFR) Index 54

Time in Conflict (IFR x IFR) Index 55
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The 2bove tebles permit 2 szmmle by sezple cozparison (matchked .

pairs of observations) for each teaz vsing the ARTS and meneal )

systexs. -3

o e b o s

The statistical anzlyses of variznce performed on these - X
; data attezpted to determipe whether the observed differences g
-8 in conflicts could be explained a2s random wariatioms, or were -
due to inherent differences in the systeas themselves. Im
bt e effect, the analyses made statistical adjustments to eliminate
) ‘ those differences due to: 1) variations in the three sample
patterns of traffic, 2) variations in the six different teams of
controllers, 3) variations in the interaction effects of
specific controller teams operating with given samples of
traffic. The remaining variation, or experimental error, was
used to determine whether observed differences in system
-l performance could be judged, objectively, to be due to some non-
random effect. But, these analyses, although superior im statis-
> - tical power, do not lend themselves to intuitive judgment and
. insight. The mind boggles in its attempt to do statistical |
analyses of variance. For this reason, a simple match-up of :
results is presented in oxrder to provide some intuitive feelings ]
for how the systems compare when the same team controls the ;
i identical traffic sample. These comparisons are amenable to }
IS objective judgments to any stated degree of statistical '
= reliability, but, to repeat, the statistical power of these |
g judgments are less than what is provided by the more sophis- i
¥ ticated analyses of variance previously reported in Table 8A, l
- However, the results shown in Table 8A are less informative i
than the direct match-up of observations. For illustrative t
purposes, then, the detailed comparisons of all the experi- 2
e mental data dealing with conflicts are shown in Tables 12 | -
- {
|
i
i
i

a through 15. i
Each (+) sign indicates that there were more violations under ’

the manual system than ARTS; a (-) sign indicates the reverse: that !
ARTS had more violations than manual, A (0) indicates a tie score.

K The totai of '(+; -; 0)'must add to 18 for each index, By comparing ‘ﬁ

AL

3
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Teble 19
Indices 51; 52
ROMBER OF CORFLICTS

NAFEC Certificated Controliers
Sample by Sazple Comparison

) Ilsign Test™"
) (18 matched comparisons)
Manual (M) vs. ARTS (A)
1st Half Hour 2nd Half Hour
, IFR-VFR IFR-IFR IFR-VFR IFR-IFR
2 Team | Sample Tndex 51 Index 52 Tndex 51 Index 52
) (A) |sign | (M) (A) |Sign |(M) (A) |sign | (M) (A) {Sign

1 a 0 0 0 2 0 = 1 3 - 6 8 -
b 0 0 0 3 2 + 2 2 0 3 6 -
c 0 0 0 0 0 0 3 2 + 8 8 4]

2 a 2 0 + 0 0 0 0 0 0 1 1 0
b 0 0 0 1 1 0 0 1 - 0 ] 0
c 0 0 0 0 0 0 0 0 0 4 0 +

3 a 2 2 0 2 0 + 0 0 0 6 2
b 1 1 0 0 0 0 2 2 0 5 7 -
c 0 0 ¢] 0 0 0 2 0 + 4 2

4 a 1 0 1 1 3 2 + 7 1 +
b 0 2 - 1 s - 2 2 0 4 4 0
c 0 0 0 2 0 1 1 0 1 6 -

5 a 1 - 2 1 2 1 + 3 3 0
b 1 1 0 0 2 - 2 0 + 2 2 0
c 0] 0 0 0 0 0 0 0 0 1 2 -

6 a 1 0 + 1 0 + 4 1 + 6 3 +
b 0 0 0 2 2 0 2 3 - 5 4 +
c 0 0 ] 0 0 0 1 0 7 5 +

Summary 3+ 6+ 7+ T+
Totals 2~ 2~ 3- 5-

more conflicts under manual

- = more conflicts under ARTS
0=

same number of conflicts
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Table 13

Indices 543 55

TIME IN CONFLICT (SECONDS)

NAFEC Certificated Controllers

Sample by Sample Comparison
"sign Tast®

(18 matched comparisons)
Manual (M) vs. ARTS (A)

1st Half Hour

2nd Half Hour

IFR-VFR IFR-IFR IFR~-VFR IFR~=IFR
Team Sample Index 54 Index 55 Index 5& Index 55
) (A) |sign (M) (A) |Sign [ (M) (A) [Sign | (M) (A) |Sign
1 a 0 0o 48 ol + 57 124} - 389 417} -
b 0 0}o 128 38| + 127 100 | + 60 332} -
c 0 01]0 0 01 0 172 140 | + 382 404 | -
2 a 310 6 |+ 0 010 0 0| o 170 42 | +
b 0 0}]o 24 34} - 0 59 - 0 01 0
c o 01]o0 0 0}l O 0 0| O 102 0| +
3 a 208 220 | - 74 0] + 0 oj o 305 128
b 55 514 0 0] 0 07 97| + 205 398 )| -
c 0 00 0 01 0 78 0 + 116 91
4 a 41 0|+ 4% 24 - 155 95| + 195 23| +
b 0 112 | - 19 111} - 122 70| + 78 126 | -
c 0 040 34 0 125 61} + 22 239 -
5 a 265 195 | + 228 26| + 102 41 + 100 225 | -
b 75 41 | + 0 58} - 26 0| + 61 46
c 0 01{o0 0 ol o 0 0| © 23 61| -
6 a 202 0|+ 51 0! + 255 58] + 186 167 | +
b 0 010 43 51 - 120 196} - 204 267} -
c 0 010 0 0; O 23 0| + 589 314 +
Summary 6+ 6+ 11+ 8+
Totals 2~ 5~ 3- 9-

+ = more time in conflict

- = more time in conflict under ARTS
0 = same time in conflict

under manual

'™

2516 makrmtt At e

Y

e

?} ;
3
:




NUMBER OF CONFLICTS

-73-

Table 14

Indices 513 52

Noncertificated Controllers

Sample by Sample Comparison

(18 matched comparisons)

"Sign Test"

Manual (M) vs. ARTS (A)

1st Half Hour

2nd Half Hour

IFR-VFR IFR-IFR TFR~-VFR IFR-IFR
Team Sample Index 51 Index 52 Index 51 Index 52
) (A) |Sign [(M) (A) |Sign [(M) (A) |Sigm | (M) (A) |Sign
1 a 1 1 0 4 3 + 1 2 - 4 2 +
b 0 0 0 1 0 + 0 0 0 8 1 +
c 0 0 0 1 0 + 3 1 + 6 4 +
2 a 0 0 0 3 1 + 1 3 - 6 1 +
b 0 0 0 2 2 0 1 1 0 4 2 +
c 0 0 0 2 0 + 3 2 + 6 0 +
3 a 0 0 0 2 0 + 1 6 - 3 3
b 0 0 0 3 1 + 2 2 0 1 3 -
c 0 0 0 2 0 + 2 1 + 4 2
4 a 0 0 0 0 1 - 0 0 0 1 1 0
b 0 0 0 0 0 0] 1 2 - 3 2 +
c 0 0 0 0 0 0 2 2 4 2 +
5 a 0 0 0 1 0 + 1 2 - 6 2
b 2] 0 0 1 1 0 1 1 4 5 -
c 0 0 0 4] 1 - 0 1 - 10 3
6 a 0 0 0 1 1 0 1 1 0 1 0 +
b 0 0 0 0 2 - 2 2 0 0 0 0
c 0 0 0 0 1 - 2 3 - 2 1 +
Summary 0 9+ 3+ 134
Totals 0 4- 7- 2-

o
n

more conflicts under manual
more conflicts under ARTS

same number of conflicts

i T T P A A M o
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Table

15

Indices 54; 55

TIME IN CONFLICT (SECONDS)

Noncertificated Controllers
Sample by Sample Comparison
"sign Test"

(18 matched comparisons)
Manual (M) vs. ARTS (A)

1st Half Hour

2nd Half Hour

IFR-VFR IFR-IFR IFR-VFR IFR~TFR
Team Sample Index 54 Index 55 Index 54 Index 55
M) (A) [sign | (M) (A) |Sign | (M) (A) |Sign [(M) (A) | Sign
1 a 182 251 | =~ 343 195 | + g8 76| - 231 42} +
b 0 0! 0 78 01l + 0 0fo0 576 118} +
c 0 0} 0 57 0 + 226 101 | + 584 269 | +
2 a 0 ot o 109 68 | + 34 165 | - 617 30 +
b 0 o} 0 224 14| + 15 64| - 462 651 +
c 0 010 73 ol + 42 59} - 509 0] +
3 a 0 0§ 0 19 0] + 63 237 | - 106 227 | -
b 0 0] 0 90 28 | + 92 98 | - 129 205 | -
c 0 0] 0 43 0] + 84 110 | = 242 137
4 a c ol o 0o 174 - 0 01} o0 26 14| +
b 0 0|0 0 0] 0 10 99 | = 143 118 | +
c c 010 0 0] 0 109 77 | + 806 97| +
5 a 0 0110 60 0| + 44 126 | - 777 403
b 0 0} 0 68 311} + 5, 69 | - 155 242 | -
c 0 0}0 0O 80} - 0 52 ¢ - 813 586
6 a 0 010 3 11§ - 4 21 | + 17 ol +
b 0 01]0 0 176 | ~ 217 90 | + 0 0} 0
c 0 0|0 0 77| - 38 126 | - 188 18 | +
Summary 11+ et 144
Totals 1- 5~ 12~ 3-

+ = move time in conflict
- = more time in conflict

0 = game time in conflict

under manual
under ARTS

ST ATADDIOT TULRCASSALIITIT Y

bRt e

AR cSe SV BARCLLA rAT TR U4 N3l \ POV IIP U A VRPRE B

Wl s B SR NG

B i e




e S I ¥
LB

e

i

2 ]
LN

MY A A SRR TEARTRSRP AR )

PPN
o

.

e Wy e

WU LS & e

- 75 -
the test results and affixing the appropriate sign to the difference
in cesplts, we can compare summary totals:

Tsdbte 12 provides the details and “sign" comparison for the number
of conflicts of both the IFR x TFR (index mno. 52) and IFR x VFR (index
5. 31) varieties committed by the FAFEC team of certificated con-
trollers. Kote that all cases favor ARTS. There were fewer direct
comparissas in which ARTS yielded more numbers of conflicts than the
mz=eal systen for both halves »7 the hour and for both varieties of
cozfiictr.

Ta2ble 13 which depicts the time each system was in conflict tells
the story essential to the study and upon which the majority of the
doll-r tenefits clzimed for ARTS III rests. There is little difference
in the ARTS and mam:mal systems ability to do the primary jub of
separatipy, TFR aircraft (index no. 55). The essential difference is
tbat the ARTS system was able to provide additional safety in the
separation of .. K xVFR uircraft (index no. 54) without changing any
of todrv's standards and procedures for controlling aircraft ir the
ternminal ax:a.

in the opinion of the writer, this demonstration of reductions
i. conilicts -- seasvred in physical units, not dollars -- for

certificatad controllers using ARTS equipment, is sufficient to
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justify its installation at the terminal locations identified in the

third lot buy. 1/

Tables 14 and 15 are similar to Tables 12 and 13 except that the

comparisonrs shown are for the trainee controller groups. Table 14;

11/ This statement, of course, did not appear in the previous draft
version of the study forwarded to the 0ffice of the Secretary
of Transportation and to the Office of Management and Budget; )
offices that, in conjunction with tie Federal Aviation Admin-
istration, were charged with the responsibility of making a
rational decision with regard to ARTS III. It has been more than
a year since the recommendation of the FAA was confirmed and a
decision made to exercise the option to purchase the remaining
third lot of this equipment. There is no way of knowing what,
if any, influvence this study had on this decision. Howevar, there
iz every reason to suppose that the decisicn in favor of ARTS was
made on the basis of the "issues," and that the evidence in support
of the argument that there was a likelihood of increased safety
due to ARTS III was brought to the attention of the decision
makers, and discussed in detail. The reason for the bold asser-
tion made above concerning the superiority of ARTS equipment is
to remind the reader that the sare kinde of strong assertions,
based in major part on subjective judgments only, had to have been
made by those charged with making an aprropriate decision regarding
ARTS. Somehow, a delusion seems to have taken hold of the
suppliers of amalytical studies and =% ir too willing customers
that it is possible to make investm.  decisions solely on the
basis of quantitative evidence gathered under the heady and
objective bamner of cost/benefit analysis. To this psint we
have not yet assigned dollar valuesa to our study results and,
therefore, have not yet entergcd the more highly subjective world .
of cost/benefit analyses. ¥Ye have deult only with objective data,
but the reader .s again reminded that despite the balanced
experimental design, the statistical controls and the analyses
of variance, subjective judgments were required at overy critical
juncture in the analysis. Quantitative studies of evea the most
elegant sort do not take the decision maker out of the loop.
They merely define more narrowly the areas in which he must
assert his prejudices.

i e
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" index 52, confirms that the trainee controllers using ARTS were able to

separate IFR x IFR aircraft to within the standard’set b; the certificated

1 H

£y
)

Shieaiety T T

o

%% controller after a briefing session that included only four hours of
2 ] . '
p= 52:-’ v
- instruction; just two hours were with hands-on the ARTS simulator equip-
g . ment. However, index 51 shown in Table 14 also indicates that the

57 R
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W

trainee did not do nearly as well in sepérating IFR x VFR-traffic,

SNTAKAL
N

. i

using ARTS. .This important category was the singlé indicétor ir which
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the trainee's performance did not match. that of the cerFificéted con-

1

5

M N T

o

o

troller. Perhaps, this group was under greatpr;stress. Somewhat

AR o

TR R

surprisingly, there was no deterioration in the trainee group performance

. . ‘
‘in: 1) operations count 2) controller capacity (as measured by the time
¥ ! )

B a "holding" instruction was first given), 3) delays and time in s&stem.

4

Buc, the trainee group using ARTS evidently could not perform their
3

ancillary job of vectoring aircraft,on a time available basis, in order to

avoid conflicts with kncwn VFR aircraft. More importantfy, as Table 15,

index 55 indicates, the tiainee controller could not operate the

manual system satisfactorily iw the primary job of sepai ating IFR

traffic. Not only were there 14 trials cut of 18 in which the APTS
system resulted in less time in conflict, but a simple arithmetic

. calculation reveals that the manual system.was in conflict for a total

of 6375 seconds Juring the second half-hour of the experiment (com-

it

pared to 2571 for ARTS). This amounts to an average of 354 seconds for

,_...
A%
i

by ‘,“

a trial period of 30 minutes (1800 seconds); a conflict rate of

AANGE S

20 percent. This unsatisfactory rate for the manual system compared
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to a statistically significant reduced rate for ARTS, a rate comparable
to that achieved by the certificated controller, provided the basis for
the modest savings in training costs claimed for the ARTS system., These
dollar bemefits provided by the possibility for a reduction in training
time can be disallowed, however, without having any appreciable effect
on the study's conclusion to install ARTS at the 29 candidate terminal
locations,

Figures 4-7 are graphical representations of these conflict Jdata
plotted against the hourly rates of airborne traffic generated in the
experiment. The choice of the appropriate traffic level to relate to a
given index of performance depends, of course, on the purpose of the
illustration, and the question at hand. For example, when attempting to
determine dollar benefits and costs, the appropriate traffic activity
ievel to consider would be the average annual volume of traffic. 1If,
however, the problem were one of establishing the criteria for system
design, a more appropriate measure would be the peak levels to te
handled by the system. On the other hand, for purposes of establishing
the realism and validity of the simulated experiment, the more appro-
priate activity level would be the number of targets that were con-
trolled at any instant of time. This latter measure of traffic
activity provides an indication of the workload imposed on the con-
troller, and is, in fact, used in this study for the purpose of evaluating

the realism of the experiment; described below in section E.
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Since ; further and detailed use of the data for conflicts will
be relied upon for the analysis of the costs and benefits of the
candidate systemé, these conflict data are graphically illustrated
below in relation to hourly rates of traffic. These rates will be
projected to average annual volumes when costs and benefits are
estimated in section F.

The reader is reminded that these graphs were drawm on the basis
of two points, determined by experiment, for each system: one point
for each half hour period of the experiment: f) for first half; s) for
second half; C) for combined hour. The dotted line connecting these
roints is a postulated relationship only,

Figure 4 - (index 52 for certificated controllefs) shows the
indicated difference in number of IFR corflicts, in favor of ARTS.

Figure 5 - (index 54 for certificated controllers) shows the
statistically significant reduction in IFR x VFR time in conflict,
in favor of ARTS.

Figure 6 - (index 52 for noncertificated controllers) shows the
statistically significant reduction j.. number of IFR conflicts, in
favor of ARTS.

Figure 7 - (index 55 for noncertificated controllers) shows th=z

statistically significant reduction in IFR time in conflict, in favor

of ARTS.




- 80 -

FIGURE 4
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TIME IN CONFLICT-IFR/VFR-MINUTES PER SIMULATION HOUR
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FIGURE 7

TIME IN CONFLICT -IFR/IFR- MINUTES PER SIMULATION HOUR
) VS
HOURLY IFR TRAFFIG
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E. The Application of Test Results to the Real World

A critique of:
I. The Technique of Dynamic Simulations

1I. The Traffic Sample

I. Bynamic Simulations

An explicit study requirement was the determination of the
criteria for installing ARTS. It was considered not sufficient to
demonstrate that ARTS is a superior system, The conditions for which this
superiority could be expected to hold had to be specified as well,
These conditions, the criteria for installation, are usually defined by
some measure of traffic activity. Study methods were limited, there-
fore, to those in which it was possible to balance and control patterns
of traffic to any given level of activity. The only methods that qualify
are those employing abstractions or simulations of reality. But, the
resort to an abstraction of reality does not necessarily compromise the
validity of a study. The statement that 'reality is difficult to under-
stand" is a piatitude that doesn't bear repeating, but it is a relevant
comment nonetheless. For example, a real world experiment took piace
at Xnoxville, Tennessee, during the latter part of 1970, 1Its purpose
was to compare the communications workload for the ARTS and manual
systems. But, since traffic levels and other variables of reality could
not be controlled, this experiment was not able to discern differences
in these workloads; differences that were apparent at high levels of

statistical significance from a dynamic simulation.

i T A AN S SRR
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All study methods face the single and identical challenge of being
able to pradict results, There Is no scientific responsioility to prove
that an experimental setting is realistic. 12/ But, the dynamic simu-
lation method of investigation is quite able to meet this superfluous
challenge. By meeting this challenge it is hoped that we may increase
the study's believability, if not its scientism.

Every effort was made to virtually reconstruct the settiné of men
and equipment in a typical terminal area. Mechanical devices, target
displays and symbology were designed to be as close a representation of
the actual systems as the art of dynamic simulations would allow%szgpe
anxiety and stress of controlling live traffic could not, of course, be
duplicated, but the experiment was not free of stress and did not
involre frivolous controllers working in a relaxed setting. Yet, the
view persists that results obtained from dynamic simulations are
"tainted" because they are derived from artifically created 'play
settings,"

The world of quantitative analyses abounds in abstractions of

reality based on regression analyses, computer generated simulations and

other mathematical models with links to reality that are frequently more
. tenuous than those generated by attempts to simulate an environment,

For some reason, one seldom sees a requirement imposed on these more

usual and acceptable analytical techniques to verify their method. To

12/ For a discussion of this print see Friedman, "Essays in Positive
Economics,' Ref. 6.
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repeat, the verification process consists solely of an examination of
how well a study predicts results, but memory provides few examples of
attempts by studies using "acceptable" techniques to confront their
conclusions with data that were previously unavailable. However, this
study will attempt to meet the challenge of verifying its method and
its conclusions:

1) The most important single item of verification is the
discovery of the increased probability of conflicts resulting from the
mixing of known vs. unknown traffic. This problem area identified
solely on the basis of the simulated experiment is very much in the
news. William M, Flener, Director of the FAA's Air Traffic Service,
called the probiem of unknown zircraft the most important one facing

13/

today's air traffic control system, ==' This same conclusion is con-
tained in the Near Midair Colliziou Report of 1738. Moreover,
Congressional Committees and other adviscry groups have repeatedly
drawn attention to this problem. 1/ The independent identification,
but more importantly, the ability tc quantify a problem that is subse-
quently discovered to be of critical concern to the FAA supports the
contention that the simulated experiment was, indeed, realistic and
valid.
1 —-EE—EIE—speech "Air Traffic Control of Today" delivered before the
National Aviation System Planning Review Conference sponsored by
the Department of Transportatiomn, 1972.
14/ The Associated Press summary of the National Tramsportation Safety

Board Report on Midalr Collisions, released March 1971, is shown
on the next page.
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"181
AERTAL COLLISIONS

BY VERN HAUGIAND
WASHINGTON (AP)-THE NATIONAL TRANSPORTATION SAFETY BOARD,

ATLARMED AT THE NATION'S AERIAL COLLISION DEATH TOLL, URGED A
SISTER AGENC. TODAY TO TIGHTEN PILOT-QUALIFICATION AND AIRCRAFT-
EQUIPMENT RULES AND ACCELERATE TRAFFIC-SEPARATION PROCEDURES.

IN A BULKY REPORT ON A 1969 INQUIRY, THE SAFETY BOARD NOTED
THAT OF 223 SKY COLLISIONS IN THE 10 YEARS THROUGH 1968 ABOUT
HALF WERE FATAL AND CAUSED 528 DEATHS.

THE VAST MAJORITY OF THE COLLISIONS OCCURRED IN CLEAR
WEATHER, THE BOARD SAID IN URGING CORRECTIVE ACTION BY THE FEDERAL
AVIATION AIMINISTRATION.

ALTHOUGH 98 PER CENT OF THE COLLISIONS INVOLVED LIGHT PLANES,
AND ATRLINE-TYPE PLANES WERE INVOLVED IN ONLY 6:7 PER CENT OF THE
ACCIDENTS, THE OCCUPANTS OF THE AIRLINERS AMOUNTED FOR 66 PER CENT
OF THE DEATHS, IT SAID,

IF THE ACCIDENT AND FATALITY RATES REMAIN THE SAME AND IF
TRAFFIC INCREASES AT 'HE FORECAST RATE THE UNITED STATES MAY HAVE
335 ACCIDENTS AND 792 DEATHS IN THE NEXT 10 YEARS, THE BOARD SAID,

"NO ONE SOLUTION WILL ELIMINATE ALL MIDAIR COLLISIONS, BUT MUCH
CAN BE DONE TODAY TO REDUCE OR ELIMINATE THE COLLISION POTENTIAL,
THE BOARD REPORTED,

ACCORDINGLY, IT URGED THAT THE FAA ELIMINATE THE FREE MIXING OF
"UNKNOWN'" AND "KNOWN'" TRAFFIC--PLANES OPERATING UNDER VISUAL
FLIGHT RULES (VFR) AND THOSE OPERATING BY INSTRUMENTS (IFR)--
ESPECIALLY IN TERMINAL AREAS,
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b) The project ma2nager for the experiment, D, O, Brown of
NAFEC, stated that he would have no hesitancy in certifying 16 out
of the 18 trainee controllers who took part in the experiment. These
controllers would have to be under proper supervision, but a distinct
advantage of the ARTS system is that information essential to the
supervisory function is readily displayed on the radar scope. The
project manager's statement was used as part of the data confirming
that training costs can be reduced, but for the purpose of the
argument at hand it indicates that a controller can be judged on the
basis of his performance with simulator equipment. Other controllers
have confirmed that it is a relatively simple matter to tell whether
someone knows his '"stuff" by watching him perform in the simulated
environment employed in the present experiment.

c¢) The prediction that training costs could be reduced with
ARTS was confirmed by an unsolicited statement made at a recent meeting
of the Air Traffic Controllers Association, L/

d) Finally, the results of the simulation were discussed
with both the New York (Common IFR Room) and Atlanta facilities.
Judging by the '"we told you so's'" one wonders why we needed to do the
experiment. (To quantify their impressions, of course). Statements
157—_ﬁ7~515;ér3, a controller at the Atlanta terminal facility, remarked
that her facility found that it is easier to train controliers with
ARTS. This remark was made during a question and answer session
of a panel discussion of ARTS II1 equipment sponsored by the Air
Traffic Controllers Associaticn in Denver, Colorado, October 1971.

The training supervisor at the Atlanta facility confirmed these
remarke,
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made by chese facilities,:aﬁd re;orted by the'Nati;nal Bureau of

Standards lﬁ/’aboué the a%ility to train c;ntrollers more easily using
ARTS and the ability to reduce co;mnnidations workload were confirmed

by the simulated caperiment. Statements concerning increased terminal
capacity made ty individual comntrollers at Atlanta and again reported by
NBS in an indepenient study were-not confirmed, however, !But; both of

the above nimed terminals, New York and Atlant;, empléy levels of
automation in excess of ARTS IiI. " : ! :

In summary, the d&namic simulation employed was able to: 1) defing
the criteria of iﬁstallat?on because, it could statistically control for
levels of traffic acfivity; 2) quantity differences in syster perf;rm;nce
that were not discernable from ;Eal world.data that éoulﬁ not be
balanced experiﬁéntally or controlied statistically; 3) demonstrate

that it is capable of predicting and, Ehus,'beiég verified by-results
in the real worl&. . '

It is reasomable to conclude, therefgre,!that the simulated
environment of men aﬁd equipment employed at NAFEC ﬁrovided'a valid
analytical méthéd for compéring the can&idate systems of air traffic
control. An?i, like all methods of analyses, its use is limited to
those investigations for which its validiiy can be estatlished,

i

16/ 'Au Assessment of the Benefits ¢l ARTS Based on Controller Experience
at Atlanta and New York," see Ref. 7,

vr— e &




I1. The Traffic Sample
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Another important conmsideration in deciding whethe: the results
from the simulated world can be transferred to the real wor.d is a com~
parison of the level of traffic activity. Were the aircraf* types and
traffic densities emplcyed in the simulation comparable to the ieveis .
that might be expected realistically?

The measure of traffic activity appropriate to the gquestion of
: - whether results from a simulation are applicable to the real world is the :
number of targets that rmust be controlled at any instant in time.
Reliable statistics for this measure of activity are not published 1in a
s b form that categorizes aircraft sufficiently for our purposes. And a
direct census of those termimals included in the third lot buy of ARTS III

. equipment had to be made. Letters were sent to six of these terminals,
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selected at random, asking for a determination of the peak number of

.
¥
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targets appearing on their radar scope during the busy hour of the week

o
e

1
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in whicl' the letter was received. 1In addition, these terminals were

" asked to further identify these targets as "known" or "uanknown' according
to the following definition:

Enown aircraft targets are those im which spatial information
in chree dimensions is available. Aircraft which conform, in general, -
to this definitiou include,

a) All TFR aircraft; arrivals and departures

b) aAll IFR aircraft "overs” under positive control

c) All VFR aircra€t in visual contact and under tower control
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Unknown, all others includicg
d) VPR aircraft not under visual surveillance of tower
e} TIFR "high overs'"; not under positive comtrol of temminal.
The sum of categories a) through €) represents the total radar coatacts
. repcrted. These are shown in Table 16. Data for the years 1965-1970
are from published FAA sources, and are not :ategorized according to
"known'” and “unknown.” ©Data for the year 1271 are the respomses to the
direct inquiry made to six candidate terminals.
Tabie 16 reveals that an average of 58 targets were counted on the
radar scopes of the six terminals during scme busy instant in the week of
Mdarch 8, 1971. Of this number, 63 percent were unknown.
Table 16 -

PEAXK INSTANTANEOUS RADAR COURT AT SIX CAIDIDATE TERMINALS

Total Radar Countl/ 1971 survey2/

1665 | 1966 | 1967 | 1968 | 1969 | 19701/ | Known | Unknown | Total
1. Albany 48 | 45 | 61 | 64 | 65 66 17 30 47
2. Buffalo s8 | 55 | 56 | 62| 70| 9 |20 65 | &
e | . 3. E1 Paso 2 |17 {2 la}ss] s2 |1 % | 47
E. 4. Portland, Ore. | 64 | 50 | 87 | 74 } 711 | 63 | 39 41 | 80
s - 5. Des Moines 40 | 53 | 48 | 43 | 54 44 25 30 55
- 6. Tampa 63 1 56 | 57 | 65 | 68 | 60 | 27 5 | 72
23
k: 1
%_Enown _
e - Total ~ >’
4
A SOURCE:
. 1/ Airport Activity: Peak Day; Busy Hour, FAA, 1970.

2/ Resporse to letter, March 8, 1971.
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Table 17 depicts the world of simulation. Im this world, two

systems of air traffic control were operating. There is, therefore,

a dist.nction between "knowns" and "unknowns® according to the system

in use:
ARTS: Known consist of,

a) All IiPR aircraft. There were no IFR “overs* or VFR
operations (takeoffs or landings) ia the simulation
p) All VPR overs with Mode C.
Therefore, unknowns are ail VFR without Mode C.

Manual: RKnown consist of,

a) All IFR aircraft
Therefore, unknowns are all VFR aircraft.

Table 17
DEAKR INSTANTANEQUS RADAR COUNT FOR SIMUIATED TERMIML

IFR VFR ARTS MANUAL

Arrivals 9 -- Known 9 9

Departureaz 3 -- 3

Oversg -- 7* S 0
Total Rncwn: 18 12
6rand Total: 19 19

*A11 VFR ajrcraft were programmed to be transponder equipped.
80 percent of these VPR aircraft were progrsmmed to have Mode C

transponders.

Comas Tt




£ > ez s cadbh v, T e R K . 1 - < ="+ = . T e e
X OB N et Ersgama ey e R P S G T AT T

ﬁ%’:‘”ﬁ‘vﬁ?&'.«w’; T AR TR T et e, P R
¥ s " b

- 93 -
It is evident from Table 17 <ha: the possibility for conflicts is

much less in the simulated worid: 137 simulated airborme targets com-~

1 3% st o L o

pared to a peak realistic level of 58 instumtameous targets. However,

%

in several oral presenttions made of thic study, there was some

PR 8

. criticism voiced over the fact that all VFR aircraft in the simulated

AT

exercise were programmed to have transponders; an average of 6 aircraft

BIRER)

,

each instant. And; 80 percent of the transponders had Mode C capability.

P~

In effect, the study was criticized because it employed traffic samples

(R PN

that were not realistic. The present fleet of aircraft are not equipped

Axeat ok v

with this high 2 proportion of tramsponders. This criticism is not well
founded, however, and the following arguments are offered to support
this contention:

An AXTS system consists of complementary components, on the grouad

ol

b and in the air, capable of automatically generating a block of data om

BRH
RAN W)

bo .
iy
-ae’) Iﬂ ‘e e

the controller's radar scope. An 2irborne transponder is an iniegral

47

part of the ARTS system. Any conflict which results while ARTS is

AXA

< b

controlling traffic cannot, therefore, be considered as an ARTS conflict
unless the aircraft involved had an airborne transponder.
A plausible alternative would have been tc use a traffic sample
- which had, say, 50 percent of the VFR aircraft equipped with tvrans-
porders, or some other number that represented a realistic forecast of
airborne traffic. Such 2 forecast was used to estimate the proportion
of traunsponder equipped IFR traffic employed in the simulation. This

forecast depends, of course, on the FAL's policy regarding transponders.

Prosently, at specified terminal locations where the Terminal Control
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Area concept is in use, 100 percent of the aircraft using these terminals
must be transponder equipped. But, the adjusting of the proportion
assumed for transponder in order to agree realistically with some given
forecast would not add to the study's validity. The puryese of any
study is to learn something, and the experiment was designed to provide .
the maximum amount of information for a given number of trial observa-
tions. We would, undoubtedly, learn vciy little if one half of the time
the ARTS system's ability to convert unknown traffic into known wus
limited by the fact that it was operating in a manner that was ideutical
to the manual system. There is no difference between systems if there is
no airborne transponder transmitting data that can be displayed auto-
matically on a radar scope. Had it been suggested that all conflicts
involving non-traasponder eguipped aircraft be deleted from the ARTS
account or transferred to the manual account there, probably, would have
been no criticism voiced. However, it was the announced intention of
the study not to alter any data generated by the experiment. But, if
such a transfer of data were allowed, the result would be that only
those conflicts involving aircraft with transponders were being attributed
to ARTS. 1In effect, this is precisely what was accomplished by a prior
programming of the traffic sample. An 80 percent proportion of Mode C .
transponders was used in the hope that some additional analytical
insight would result. If 100 percent of the zirciaft had transponders
capable of being tracked and displaying ground speed and only 80 percent

of these were capable of providing altitude information, it was thought
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that some basis could be developed for deciding which of the several
features of ARTS 1II1 automation were most effective in reducing con-
flicts. TIhis information is pot essential to the present evaluation
which was designed to compare the total ARTS III packagc of automation
with the manual package. But, it was anticipated that subsequent
studies might be required in the pear future in order to decide on the
most effective features of automation to purchase for installation at
the smaller sized terminals., The evidence concerning the feature s that
contribute most to conflict reduction is not clear and is reported
elsewhere (Appendix A). What is clear is that ARTS as a total system
of automation was able to demonstrate fewer conflicts for traf:ic
samples that differed, on the average, by as few as five unkmvei . air=
crafz, The relevant yardstick for judging the comparability « the
ERTS vs. the simulated world is, therefore, not the percent.ge of air-
craft that had transponders, bu¢, rather, the probabilit; rhat as many
as five unknown or VFR aircraft could be expected at auy instant on the
radar scope of a candidate ARTS III terminal. Table 16 indicates that
this probability is quite high. At the instant shown, there was an
average of 41 unknown aircraft at all of the candidate locations at
which measurements were taker, The conclusion is drawn that from the
view of botk total numbers of instantaneous airborne targets, and
numbers of unknown targets, the simulated world employed traffic levels
which were well below those encountered in the real world. Any results
which depend on the level of traffic activity used in the simulation are,

therefore, likely to occur realistieally.
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Tables 16 and 17, which compare total numbe.s of known and unknown
aircraft within the terminal area alsc suggest that the current criteria
for installing ARTS equipment be modified. The measure of traffic
activity -hat is more appropriate to estimating the probability of a
midair collision is the total number of aircraft within the termimal
area, and not merely the number of operations at the primwary terminal.
For this reason, Table 18 has been amended to include itinerant opera-
tions at all secondary airports having control towars within the juris-
diction of the primary airport. This table was used in the subsequent
estimation of costs and benefits attributable to ARTS III. Despite
the marked increased activity cver the numbers previously shown for
cperations at the primary airport only, shown in Tabie 2, Table 18
still understates the measure of activity that is most appropriate to
a determination of the likelihood of a midair collision, i.e., the
total number of aircraft that traverse the terminal airspace.

The activity levels shown in Table 18 are an understatement
because they do not include: 1) military operations at military
bases within the jurisdiction of the primary terminal; 2) operations
at secondary airports without control towers; 3) aircraft which are
flying through the terminal zone and which do not originate or
terminate as an operation at either the primary airport or at any
of the secondary airports within the terminal area; 4) all local

traffic.
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F. COST/BENEFIT ANALYSIS

Raticnale: If one had a2n estimate of the costs required to
purchase a new option, and he had a doilar measure of the benefits
they were expected to provide, a simple choice mechanism would be to
purchase the option if the benefits were any amount greater than the
costs. Notice that the extent of the bargain -- the excess of
berefits over costs =-- does not enter into the choice. This
mechanism for choosing is sufficient for the decision at hand, one
whicn is limited to a choice between two competing systems: ARTS
and manual, It is not a sufficient mechanism, however, for deciding
whether some other expenditure might not be more rational for the
FAA. It cannot, for example, be used to decide whether it is
better to invest in the construction of improved rumways, or in
new ways to maintain navigational facilities, etc. Nor can this
rationale be used to decide whether the Nation were better off
in investing in welfare reform, better schools, cancer research,
or farm subsidies., These decisions are left to others.

In the preceding sections the difficulties in ascribing dollar
benefits to a new system designed to perform a complex job were dis-
cussed. The usual, but important, problems of attributing dollars to
such items as 1) lower variability in controller performance or, 2) the
identification of emergency situations were cited as examples. Moreover,
the problems associated with the double counting of benefits was, likewise,
discussed. There were some 80 different indices used in this study, all
intending to measure a different dimension of the controller's job, but
many were probably redundant reflections of the very same facet of this
job. However, this latter difficulty is frequently regarded as more of
a loophole, than a problem. 1f, for example, there were an infinite
number of beneficial attributes associated with a system, then it would
be possible to justify the most expensive of systems, merely by assigning
the modest estimate of one dollar per attribute. 1Is it any wonder then

why many research companies being paid to perform cost/benefit analyses

4

bt
V¥

R

Xt

Rt

Dot

St

e
i

Bt
RERETCNEHT

i ’3.5 D

s fo Sy,




- 102 -
stay up late at night thinking up more attributes, or new names for old

ones? There is, of course, a need to close this loophole by imposiug a

strict discipline upon the number of attributes for which dollar benefits

can be claimed: they must represent an independent facet of some essential

dimension of a system's performance.
This restriction is met for the present study by limiting the number .

of indices for which dollar benefits are claimed to a single one --

index 54. This index measures the time that certificated controllers

were in conflict with aircraft of the IFRx VFR variety while working

identical traffic samples with both the ARTS and manual systems. This

time in conflict is then translated into the probability of a midair .

collision, The avoidance of such collisions is, undohbtedly, an important

Y

function of the controller's job.

In gereral, the method for determining whether a specific terminal

location qualifies for an ARTS III installation will be to compare the
costs of installing and maintaining this system with the benefits from

the expected reduction in numbers of midair collisions at this location.

A cost co benefit ratio which is less than, or equal to, unity, qualifies

the terminal.

5
Summary of Method for Determiming the C/B Ratios 3

%
e

The incremental costs needed to purchase ARTS III equipment at 1ill

R

PR

29 gites is estimated belww to be $33.4 million., Suppose a midair
collision to have a dollar (dis) benefit of $22.2 million. Then

33.4/22.2, or 1.5 midairs would have to be avoided for the entire useful
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lifeoftheeyquipunti;o;d& to warrant the purchase of ARYS II1. Tbe
useful life of ARTS IIT is, probably, close to 20 years, but since all

new izprovements in technology are usually vulnerable to being made ,
cbsolete pre::aturely by newer inp;ov;amats‘ in technology,the more -
consexvative estimate of ten years was used in the stadv. For the sake

of arithmetic, assvse that there are 30 installation sités, so that
1.5/3C, or 0.05 nidai:.!-s must, on the average,:be avoided at each
terminal location included in the third lot buy for the entire period _
of ten years in o;der to justify t1=1e purchase of ARTS IXI.

Qther éstimtc;_s for co§ts (5C) and; (dis)l;e:efits of midair colli-
sions x($B) define a new ratio that estadlishes the reduction- in midair,
collisions that .ar_e m-acessary to ;justify the ptzrchaée of ARTS at each
terminal locat:_ion. The analysis which foll;ws will attempt to-estimate

this ratio by: 1) determining the ten year system costs that are,

envisioned for the ARTS and the manual programs; the difference in these

system costs ;is the numerator of the.ré::io, 2)' estimating the value or

dollar benefit resulting from avoiding ‘the occurrence of a midz;ir colli-
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sion. This .benefit was estinated, at first, as a parameter value that
g ) .

> 2
ptiy ok )

t-

depended upon the decision maker's subjective valuation of the expected

)

‘ 3
number of fsitalities per midair accident, and his ectimate of the dollar '
worth of each human's life, :The number of midair collisions expec;::ed at | '
each terminal location was derived from the historical record .of ; :*
accidents occurring in our Nation's airspace. The reduced numbers 6f | 5
accidents expected at each location were based upon the results of the 1’
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sisulated zxpesimest; index 5&. The s:mmery graghk, Figore 10 (p. 129)

is presented as the resulting analytical tcool for deciding Setweer the
ARTS snd menvel systsms of air traific control. Figure 10 indicstes the
valve thst sust be placed on a midair collision in order to justify the
purchase of ARYTS III for 2 termine®l havirg any giver levei of traffic
activity. This is a zonvenient way to awvcid heving to aske svbjective
judgments which are better left to others. The decision msker is required
tc set a dollar value on the ccst of sverting an accidest that be thinks
is justified.

However, 2 stuly dealing with reziistic cheoices that matter camneot
acford the luxury of avoiding key issves. The stody must, at least,
present a guideiine for decision making. ¥or this reason, an estimate of
dollar costs per accident is presented in Table 25 for a variety of
midair collisions involving sewveral sizes of aircraf. with differing
nusbers of occupants, earning various levels of income. The decision
x;uker can then enter Figure 10 with any value, based upon his subjective
egtimate of the dollar benefits to be derived frca cverting an accident.

A mstrix of collision probabilities likely to occur in the next decade is

shown in Tabie 23. Or, be can choose to enter Figure 10 with a consexvative

estimate -- the least costly end of the spectrum of values -- of the
dollar benefits for averting a "typical” accident. This accideat is
represented by the weighted uverage of the matrix of collision possi-

bilities shown in Table 23. By using the least costly estimate for an

average accident, the decision maker would conclude, as the study does, that
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the pcrczase of ARTS [T egcipment ¥s justified ar every cermimal
Iocation incinded im the third Ist Boy.

COSY ESTRMATES

Increnectal Costs

Cost compilations were tased om data scpplfed by the Natic—al
Airssace System Program OSfice of the FAS for thvee example Iscztioms. 22/
This office is charged with the responsibility for implenecting the
ARUS FIE progTam.
A. Fixxd Costs:

Burbask Lociswilie Birmirgham

Basic ARTS IFE Ccetract Cost $520,809 $£503,000  $505,000

Basic AEFS Tii iIn-Fouse Cost 65,600 65,000 65,000

ATC Expa=sion Comtract Cost 36,500 38,800 54,500

Fixed Cost per Lecatiom $622,509 $513,530 $629,4C0

10}y (X 10) (% 10 locations)
Total FixeZ Costs
(30 locaticnes) $19.0 millions

B. Amual

Ocerating Cests: AXTS 111 ¥anual Difference

Birmirghaa $137,120 $ 85,580 $§ 50,65%C (X 1C iscatioms)

iovisville 199,206 119,200 89,000 (X 10 locations)

Burbaank 125,289 35,920 89,360 (¥ 10 lecations)

$2,200,000 (30 locaticas)
B. Total QOperating Cost Increment: (10 years; 30 locations) = $22.0 s.1lions
Total (A + B) $61.0 nillions

17/ The three example locations were selected to represemt the low, 2¢dimm

and high pointe of the spectrum of candidates. Each example, there-
fore, represents one-third of the total number of approximately
30 locations; or %0 locationms.
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C. Beductios is Traiaing Costs Claimed i
Savings in the operatiomsl costs of traimisg mew coetcollers '
are clsised for the reductios of ARYS IIE st 29 casdidate rezminals
ia the amouat of $200,000 fior eack Incatica ower a period of
10 years; a2 total ci $5.8 miliice. Thkis estimste is based wpon the -
work perforzed by The MITRE Corporatioe. 12/
— & 5.8 million i
Savisgs asre ciziwmes ix the amomet of the coatract cancellatiom :
— $ 1.8 millien
Total IO year savings — $ 7.6 aillice
Total Increment: (Total A+3-C) $33.4 zillice
k- Aversge Imcremert per Terminal $111,300 ;
E ($33.% millions/30) |
g ;
> z
3 P
3 | 3
v; } 18/ For the detziled calculations and assumptions see The MITRE i
5 Corporation report, Ref. 8. ; {;‘,
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ESTEMATES ¢F DUEEAR MICFETS

A sommery cotlime of the mecfol ceed to caicsiate the Dexefirs
amribota®iz 2o 2@ specific A¥TS FHE caxdifare Escatiom is sSowm Below.

Toe discossion aidsh follows is keged to this cctliime:

2. Estimare of Ncmber of Midair Coilisicos Fikely to Oweor in FY 1977

The historice? record of mifair accifermts is shrwn iz Tanle 19 for

. the yezrs 1933 tErocg™ 1370. It is Bikely that these zecidents will
frcrease doring the mext decade &e to 1) 2» increzse im cperatioes,
2) 2 Izvger cross-sectismel collision zrez e to imcressed mmbers of
bicger sized zircreft, 3} incressed speeds from the imtrodorticon of more

mmters of jet aircraft. (oly the first of chese factors, imcrezsed

cperations, was izcinded In the study's estimate of The mumber of

2cciderts 1ikely to cocur im FY 1977.

Az 2uslysis was made o the relztiomship demsmstirated betueen the

mber of arcidents 2nd traffic zetivity levels. Simce 2 midair collision

is a rare eveat it is &ifficult to discern 2o cbiective patterz czpable

of identifyirg motermtrial wazaxds. For this reasca, the data of acte=l

midair collisioz=s w2s scpplemented &y a2z anmalysis of the munder of

) hazaz&oasnezrmissesinaaiaéepenéentsta&ywa&acteﬁbythe?&é.pj

Table 2CG Zepicls the muber of pear miss incidepts recoréded at
varicus =ajor terninal locations for the jear 1368. The traffic
activity during 1963 for these terminsls is shoun in the right hand

coliz=m. This activity incledes VFR traffic at all tcwer equipped

19/ Tear ¥idair Collision Report, 1968; see Ref. 9.

o et erhead L TR ARG SRRMRAT A50) e




A1 ¥ = Smber Wijgls gectidmes, 3B

sBosen £x TabZe 39

2_ T = Inr-ease fccecasced fox RViA Taxfaciom Focecasts,

2372-E3E3™

&. Treal wideis Accidenrs Ferecaseed, EViA

B.E. Py = Progoreiom of Neas Misses fn Yezz #igs Qriligiom
Teexia® Aoes Tegert cf AP

2. 3» = Progaetion of IR X 1R Nes- Misses NeaT Miss CoRBfisfom
Besre of 3368

3. T3 = Porpocefom a¢ an Exkividoed Terwizel 2) Fig. 9

2, Jea Bisges at Frfiriiosl Te-wtze? B) Near Migs
B Tota® Tecxiisi Near Misees Rexceteld Coilisiar Fegces
cf 1%%3

3. Progcrriom of Midgizs st an Exdifxidosd

-3 C2)(22)
S Torxizgl=

€. R = Jezcert Wedurtiom Sx Mifigir Arecifeats Txyerisests? Jesait

B. =48 Semefit fcr otifag (B) Aecidexe 1. See Fig. 10
3 - 2. Tsdie 23
; E. ©=$ kol Pxcgram Coez at Individosd
e © Terzize3d Program
Posis for Dcisica; AXBIXCx D =E; Ecustion 1
@) . @) . © - =z
62) (>-0088 X) %) @) = $111,30

A zraphical presextstica of guation (I) 4s sdown iz Figore i0.

T = 1L6%

2
2y = 6k

2 = 55

a) = 37835 X
?:Mﬂc
Zcrfxicy (Exn
w333 f=ws)

B) P3.b= 729

g~ 225X

= _GC3X

X = t=gfffec arriziry,
1577 (Exn x53AZows)

2=04

i. Tsramerer
2. $7,320,000

Comt=act Z-ice, pize C = $(33.4)(i05)
Zstimate @ __ £10)(39)

$C = 117,500
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secondsry airports withir the range and jurisdiction of the primsry
]
k sirport"s radsr. The graphical presentation of these datz in Figure 8

o= reveals thst a near proportional, statisticaily significant, relation-
ship exists between the mumber of pear misses reported and the record
of traffic activity. This relationship was used below to estimste the
nunber of near miss incidents that are likely to cccuxr at any given
temiral, bet for purposes of the discussion at hand thiz relationship
was first used to estimate the total mmber of midair accidents that
can be expected to occur in FY 1977. The number of midair accidents
reported in 1968 was 38. The ratio of the number of total opcratioms
forecast for 1977 compared to 1958 is 1.6%. Assuming thzt hazardous
sear misses provide 2 good proxy for actual accidents (the cliche, "where
there's saoke there's fire” will have to scffice ir place of a more
elegant explanatior wvhich szys the same thing), we have 3:logical basis
for expecting that the pumber of midair accidents in 1977 will be

38 x 1.64 = 62.

The identical method, without the explanation, is used by the
National Transportation Safety Bozrd to forecast their estimate of the
nusber of accidents likely to occur ia the next decade.

"Porecasts indicate a growth by a factor of 1.7 ia the
general aviation fleet and by a factor of 1.5 in the air carrier
fleet over the next 10 years. In the same time period, the total
nusber of opersiions of these fleets will be half again as large
as tkey are today, Assuming the accident and fatality rates are
the same for the next 10 years as they were for the last 10, we

would expect the rumber of such accidents to increase by 50 percent;
that is, 335 accidents and 792 fatalities for the 10 year period." gg/

Q; BMsport of Proceedings of the NTSB into the Midair Collision Problem,
p. 1; see Pof. 10.
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N For this study, the musber of operations forecasted for FY 1977

were obtained from officiai FAA estimates: 2y

poda =

- 7Y 1968 FY 1977 Ratio

Total itinecant Cperztions 32.4% 53.2 1._64
(millions)

B. Proportion of Midair Accidents at an Individual Terninai .

This section of the study attesp:s to determine how the number of

i midair accidents forecast for FY 1977 (a total of 62) will be distributed
azong those termiral locations identified in the third lot buy of ARTS III
2quipment. The probability that cne of these locations will have an
ARTS III preventable accident is represented by thz product of three
separate probabilities: -

D 2= The probability t£hat the accident will occur in a terminal
area.

2) P, = The probability that the accident will be of the "unknown"
vs. "known" (IFR x VFR) variety.

3) P3 = The probability that a given third lot buy location will

- be one of the terminals at which the accident will occur.

The calculations of these separate probabilities are shown below.

e
L]

They are based on the "Near Miss Collision Report of 1968." The data
frem this report used in this study are reproduced as Table 21.

The probability of a midair collision occurring in the terminal
area was calculated as the ratio of the number of near misses reported

21/ "“Aviation Forecasts, Fiscal Years 1972-1983," Office of Aviation
Economics, FAA; September 1971.
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Table 20

Record of Hazardous Near-Misses in Terminal Areas, 1968

i Near-¥iss CY 1968
Location Incidents Traffic Activity (10%)
" TIFR; VFR
Los Angeles 74 87.8 =
New York 53 151.1
San Francisco 38 131.4
Washingten - 24 45.6 -
philadelphia 15 52.5
San ‘Diego 19 76.7
Chicago 21 109.0
Phoenix 12 105.6
Kansas City 11 45,7
-Denver 17 43.0
Columbus 6 £2.0
Dailas 10 61.4
Seattle 11 47.0
Detroit 7 69.8
Oklzhoma City 9 37.9
Atlanta 6 59.5
Indianapolis 5 19.7
Miruneapolis a 54.7
19. Norfolk 6 41.4
20. cleveland 7 36.0
21, Miami 10 124.5
22, Tampa 7 46.7
23. Dayton 6 31.9
24. Honolulu 8 30.4
25. Houston 7 41.4
26. Sacremento 8 47.2
27. St. Louis 8 39.2
28. Boston 6 46.5 )
29, Buffalo 6 20.7
30. Las Vegas 7 35.5
31. Memphis 6 21.2 .
32, Pittsburgh 3 36.8
33. Portland, Ore. 3 22.3
34. San Antonio 4 67.9 *
35. Louigville 3 26.7
36. New Orxleans 3 36.6
37. Cincinnati 2 22,9
38. E1 Paso 2 15.8
39. sSan Juan 2 29,3 +
40. Nashville ) 2 17.1
TOTAL NEAR MISSES 496 Total Primary and Secondary Airports
3

SODRCE: Near Midair Collisiou Report of 1968, FAA, July 1969.
Traffic Act:ivit;y2 Vffice of Aviation Economics, EC-200
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in the terminal area (719; from Table 21) divided by the total number

of hazardous ircidents recorded (1,128 p. ix of summary to report).

_Io
P = 1128 0.64

The probability that a collision will be between an IFR and a VFR

-aircraft was calculated as the ratio of the number of incidents of this

-type in the terminal area (395, as shown in Table 21) divided by the

total number of terminal incidents.

py = 2LL 56+ 126) _ o
719

The inclusion of this single category of coliision, IFR x VFR, is

necessary in order to make the inferences drawn from the real world

-conform to the experimental findings: Index 54 is a measure of the time

in conflict for the specific interaction of IFR x ViR aircraft.

“The probability that an accident will occur at an individual terminal
included in the third lot bu} was postulated to depend on the traffic
activity at this terminal. Table 20 indicater the terminal locations and
traffic activity for 496 incidents recoréed out of the total of 719, A
graphical presentation of the postulated relationship between the number
of hazardous near misses reported and traffic activity is shown in
Figure 8, (The data are keyed to Table 20), The New York and Atlanta
facilities were excluded from the data used f; determining the estimated
relationship because these facilities had ARTS equipment in place during

1968. 1In the case of Atlanta, this equipment was fully operational in
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cre o amble2r R

TERMINAL HAZARDOUS INCIDENTS.(LOCATION)

(NETWORK ANALYSIS) - TYPE OF FLIGHT
IFR/IFR
' GROUND-UP BEYOND 5 M. S 3 n s
. ;“d"a"’:' ‘ g‘: " IFRIVFR
nd Quarter 0y 290y 200 a0
1°0 2°Q 3°q 4°0
3rd Quarter 90 —_———
. 7 66 .51 217 .
4th Quarter 61 . A3.8 - \5 -
298 VFRIVFR
o a3 2%
TERMINAL 21 19 23 7 70

1st Quarter i 205 om a0 'F’l/ 'FF:

2nd Quarter 172 1°a 2°0 3%Q 4%
3cd Quarter 200 2,000 FT. AGL. AND ABOVE 0 1 0 a
4th Quarter 162 WITHIN 5 MILES _

Tol e i T 15t Quarter 33 {FR/VFR
tota ‘ 2nd Quarter 15 1°a 2°Q 3°Q 4°Q

. "INVOLVEMENT ' 3rd Quarter 18 21 10 1013 64

T 1%a2%a a2 Aih Quarter 37,

AC/AC. © . © 2737371 9 83 VER/IVFR
AC/GA 68 61 86 56 271 1°%a 2°%a 3% 4°0
AC/MIL 12 15 10 10 47 10 5 7 .4 26
GA/GA 57 40 57 36-190
GA/MIL 55 46 37 36 174
MILMIL . 1 7 7 .3 28 'F‘f'”f,

— e At . i onn Gyy S G G o . fQ_iQ?_QQ_Q
TURBO/TURBO 4 10 13 5 42 GROUND TO 2,000 FT. AGL 2 11 1 6
TURBO/PISTON 109,103 104 89 405 WITHIN 5 . MILES .
TURBO/HELO 301 2 1 7 It Quarter 106 T
PISTON/PISTON 75 56 72 46 248 2nd Quarter 26 JER/VFR
PISTON/HELO 4 3 9 11 1°%a 2°a 3%a 4%
HELO/HELO 0 0 0 0 O 3rd Quarter 02 35 28 32 29 124

4th Quarter 64 -
338 VFR/VFR .
ra 20 ¥4
69 47 59 33 208

SOURCE: Reproduced from '"Near Midair Collision Report of 1968," .
Appendix C-1, p. 119,
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1968. The Los Angeles terminal was. also excluded as a special case or
"outlier."  The number of near misses recorded for the Los Angeles
terminalfa:éa was more than five standard deviations removed from the
-average-value -expected fOr,avtErminal Qith its level of activity. (In
the case of Los Angeles the level of :raffic activity appropriate to the
estimation of near misses is, obviously, understated in Table 20.)

The number of near missés reported in the terminal area was found to

. be very nearly directly proportional to traffic activity as shown in.

Figure 8. The estimating equation shown is statistically significant-
and accounts for approximately'50 percent of the variance in the data

for near misses in the terminal area. This represents an appreciable
explaining capability when one realizes how varied aée the reasons for

a midair collision, Many factors influsncg and contribute to the
generation of a single datum point for an accident or near miss, and yet,
we can explain. one half of the variation in these data with a single
explanatory variable; traffic activity. Besides, this variable is the
sole criterion being used for the installation of ARTS equipment. If,
for example, weather conditions or other variables were included ae
significant explainers of near misses, then it would be imperative to
include theseé other variables as part of the conditions required for a
terminal to qualify for ARTS III. Since there is no stated intention to
impose an avray of installation criteria for ARTS III =~ traffic activity
is.sufficient -~ and, since there is no evidence that- the incremental

impact of increasing traffic levels on near miss incidents will be

L

55 oo
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’

affected by the inclusion of other, unspecifind, variables, it is
appropriate to use the equation shown in Figurs 8, as the basis for

estinating the number of near misses at a trminal. 22/

TSR AIT TP
;

Figure 9 was redrawn to include just those termipals ipcluded in

the third lot buy. An adjustment was alsc made to make the relationship

PR R S

between near misses and traffic activity directly proportional. (The
exponent of 0.98 was changéd to 1.0. The better way to explain this i
changz2 is to state that the data do not refute :the hypothesis that the
relationship is proportional). The number of near misses, Y, at a
terminal location with traffic activity, X (in millions), s given by:
Y = 17.8275% (¢))
The percent of variation in the data that is explained by the single
variable, traffic activity, for these fewer numbers of terminals, ia
65 percent (statistically significant). A comparison of the actual near

misseg recorded at ARTS III candidate locations with the numbers estimatec

R L AT T Tt T TN T T P, okt B e D ARERADYG AN G L T

by Equaticn (1) is shown in Table 22,
The probability that a near miss incident will occur at an individual
terminal is given by:

Near Misses at Individual Terminal
Near Misses at All Terminals

Y, BB F MDAV AT

Py =

a
= !i;%%ZQK (X = traffic activity ir millions}

0.25% (2)

LSy a w

1

e

22/ 7Tuere is no nced for this exegesis if we go along with the NTSP
and "assume" that accidents will te proportsonal te traffic
activity; see Footnote 20. The study preferred to conduct an
independent analysis in order to confirn the relationship.

__&‘«%&&m P T VA N P T . TN s ,
o e A s SN e .o sl R B S s o




SAVACIPA WM D MN PLEoE w0 midupemess ¢« P e e e v P T,

(000’) 00g 00p 00€ ooz 00}

N,

22 31wl (2 1
%081 WV4 LH0d3 (¥ng) S
NOISITIO0 SSIM ¥VaN (1 394N0S —._...m_ z 13
.. ¢ S
(oY) (xad) £ s
u y |
A 2804 ) . W
XSL28LI00 «A - () s
NOILVADI ONILYINILS3 . : d “
) (4ng) 9 y w
. 3 ]
(vd) - i
(avs). , 0 M
T ALINILJY J1ddvdl "SA 6
STYNItYHIL ANg 107 GYE NI SISSIN YV3IN SNOQYYZVH "ON ol

6 34094 s

ssdorhis smon L wan i [EDENVVVNEVINES SR PLIRE T BT FURTIPY A i o bt e 1010 4 Naresana Al




Tadre 22
AFTS IIT Teswizals; ThErd foe Buw

R A W ra s SRS TR (AN

Eccatfor | sevved Besorvei Bo. 0 Esvtwaved be Zpreview?f

i P RN i VT VIR e GRS TR T RIPLY X.1 | SRR i&ftd

&.0
&2

2.8

| N N w W (A1) 5] [1)) wf 1%}
W
1]
wj

3.0

£.9

)
.
LY

AVERAGE

17 Estimsting eg=ation: 5
Y= 17.82753 3 X im wpits of i0
(r=0.8)

SURCE: 1bid. Figixre €.

| LA AT o 5 o e

oA S

LN




ANSEA TR IP <D By e

- =29 -

T geogest o of st cadligizes ciuT o erppeced v semT 2T
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tmfiox 55 fafiraces thar chr »See fn rufifer for 2 cervificomsd
coparciler is sEpnSficarrty Ress ooer e fs wsiag ZFPE CIL. I £s

zpoed thar The prriediliery oFf sifeie rollisizes I3 grogestriomed oo

the Sne thetr Fireretr 2ve fn orpfRizx. Firwl
? [ geeitisiony | =& 5’_«"::&: s&‘}e} &3
L i
The follxing Zrzments zve oifeved Im scugooe of tids omzzatiowm:

1) it is clezr cher Somarion @) s fr dimert coeevaffctiom with
tihe comrestr of Tser 2nd De seen ™ If this crooest wETE &m effwcriTe
aderhed for separaring 2imrretr thes the sosbeiifty of 3 ccilisicm wowid
be in 23 imrerse relzticnm to the Time irm coxfilicr — the looger 2n 28T~
crafr is in coxfiict the berter are its chemres of seeing the comfifer
23 resolwimg iz. The Tirst zvpmmess, thes, in swpopott of cor comtzericm
is to examime the w2iidiry of the “see 2nd be seen™ coocept.

The mocre cOrioss compent o meke is ther if this coooept were wv2lid
there wosid e oo oeed for oy 2ir traffic cemtrol system. The éesire
for govermmentai action to provide z better system of 2ir rreffic coztrol --
and we have been 2t it since 1935 -- is z srificizmt reascm, therefore, for

decicing that the coccept of “see and be seen™ is deficieunt.
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Cchwr stufies nmr@ioy sy defisfeqry. The "Nems Eifwir Qriilefam
Borer of B8, for exmgple, demmoes 2 Ay chEgtes to e Zaapess
faftu=ene ix this (wod metfiod of coemeilisg gesoorfy. The foilawiag
frens ave clizzd Foom tivfs zepres:

ZE "ISe Iacgesr meier of RS facideirs orour snem Scrk
xe=xit 2t coezsoivg T2 autf "se¢ 2 Te seex™ £5 he oSy
mekrs cf goowiffng sepecsriom ™

B} "Nsrracrfors foak uomzi Tisoel sowe cxme? by oociyiv
daries, afssion sEpriresgsts. or maigerirn seoxiriag oooees
tration, Tescir fm zfr trEfite owmiifcts.™

€} ™Smermering it temwxtiel zZrezs deTmesm zimrTeir having
2 wide diverperncy of perforrmence ciaTacreriscics sers op berprdoxs
sitnaricys becanse cf the EEFFirginy of sssereizg e yave of
clzgroe xith avy reascaadie degree <f acc—rary.™
mwmmaﬁ@m%!mﬁmﬁ

Committees and the gress hare, iflewise, exessed comcerm coer the
rordliem of wifair =oiiisfors 2k 5 Sradegrsey of the crmoep? of Msee
ant e seexr.™ A descripticr of this frorers is summerized in the

followsisg Associzted Press Teiepee —

23/ &n "Historical Deveiopment of the °See and Ze Seen’ Concept™ is
provided by tbe WIS as Appendix 3 to their s:mmary of the pre-~
ceedings of the Widair Collision Problem; ibid. Rei. 10.

2t

L e sy et et § LEN

‘A aan e




=:§

SALTEME w8 B TR

S E AW IAES

B% JEES Re FOIK -

EYRIENCION {EP)-ROTS2Isoey CESCEES FC SAD DEATLY HEMIER
ETLEESEEIS PATE EC T TV & CEGDT EERWEER BeD SITEEE s
ETETTESS CTSR A% CAD FLYEER EIRE ZETW CT=2 209 == LEWEze&GD TS i
== COLT 6T WSEE £5D) SE SotheT B :
= B T G- @EER £3N TNERS ELYRYE 600 MIMISS AW BRI, 8 SEFEEE z
o e rorerETiToE ST B PHGI'S EXZ IS FEST BEOCHN TO RAAY :

Sz= A ETPED CLaBISEETSe -

% )
g

Ers 027557 DESASIER EifE EESISE 45 I A (RESH ZEETEY AW AER EESK
7 I B CIREE CEeo5 SETSUEs FLEAE SUGDAY EEE? BOS ZYGILES EIE
;e i

C1255E- COTOEiitTSs Z )
S CoeEreD AFRIENCR FLVATS ELOCR RIDSZ REES
: = e Te sErhTT. AMMEER PLEE ZIEPENE F3OWC
TS TTAT THE RECMD QDM €515 TEIUSEAN ESACFECe™
IO STOT IF SOCN SIECTHe TESEH. -
= oraeoT ASCED T0 £ A3=EAcT GIEN LIST OF pnNEIES:
P irEen CULAiSEAYS WATE DESTWIEP I EEfZlY THO-THEIDS ©F £3E
TEEFES, 250 68 67 355, LI UeSe JIILIEE CRESTES CFE2 Lt PEST Fom2

2351057 OIS A DL, SEEETTRE Y T EITECN, LIDESiR SERLEIER HES
5 OOt E2oo FEEd A POITARE PLANC IO GEAT To: COVERMiEE LESALS
5 FoEIa-5ES5." FHE SIDY CoNEARMEG FUSr SFATISTICS CEEED EES ANCGELES
IC TET HOST DEWCIRDES 2Zh, BF TORE StOfiTe
223 s FiET 1D TELES. BNDEISR COVERIEEnT SIUJY PREDICTS, 525
Fr2S0TS SEil DEE IN AIRMIAC BISLOEES 1W MEDALR ¢ FCDAR'S D5
oI TEETieDe . -
= 155 ENGELES (RESZ EITCD IEMRLY fER YEMRS OR ET RIFIONS
MErDD AT IFSS TITDCUT A FATELIZY CF A RECTIE2 JiF FLICHE, 8 SETEEY - .
Srzoms BEEouT TRECIEENT in KBoERl, AVEATION HEISTORT.

)
i
{:‘;:

0

',




g ¢

- B23 -

Z) Ao grmens cher ocre dizectly segperes the coutextiom thrs tEe
gt iry of 2 mifefr ccllfsiom £s prrpostiomed to the tine im ecaxfifc:
s pruwidisd By the "Segoce of the Degooonenr of Tormspoctatiom ASr
mmmmmﬂmmﬂﬁl This comirtes esrinzted
tie predsiility of 2 mideir collfisiom to e degenfiere coor the corss-
secriorel zrex cf Impacr Betmesn top Ziverzfr. Im effect, the comittes
regenied @ colifsirm 25 2 rendom eyext. This sare aesonptiem wes afopred
@am@s@mﬁy@fmm.g{i The zxxlgsis of cxoss—
sectionzl zress of Enpact s an 2ttemt to dedennioe 2 mecise vakine
for the comstact of poogertice=ziity (E) in Eocetficn (B), Butt Soc the
pepeses of this stody, the specificetism of the gemerad fowm ef the
eometion s scificient. e smgmest tiet eollisices zre remfm evesrs
wre2 pootetility of cormmrence depeads on the geametry of Iztersecting
todies, scocports the oee of the proporticn=l relzficeship shoem En
Eczeticn (&)-

3) The fined zvgirent fn scpoporh of tEe contectionm ther the

prebebility of a mideir colifision is proportice=l $o the tize in coo~

flict is provided By the following Teascoing:
1be contention is cexteiniy tmoe for 2 coxflictimg a2irspzce that is

the intersectioan of rectzpzuler parailelpizped volumes that berely cemtain

t=o 2irvcraft. Toe lopger 2a aizcer=ft is ip soch tight guerters, the

2] see ReZ. ii; Vol. I, p. 47. Appendix C.3, which describes tibe work
of G=2hzz 2nd Orr is aiso of interest im that it arguves the oore
geoeral proposition that the probadility of a midair collisiocn is
propoztional to the ftize spent in the teminal area.

25] see pef. 12.
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(cooportioneily) grester is the Ifhkelifood of a collisico. Now scppose

tEar the cooifres of the peozilelpipe wene 2xtended jost 2 Rittie

to aceremr forz 1) pilct rezcriom gime, 2) comrroilzr rezcition trime,

3) wind conditiors, §) zcorzzcy of tEe imstromests ecntrolling

trzffie; radzrs, 2ltineters, ete., a=d 5) 211 otfer system errors
Ef we extecded the dimecsiors of the zir-
wizich sccomclztes 211 of .

a=d geriztires im datas.
szece to provide for precissly thzt amoent
th2 expected soczees of erroT, we would define 2 coofiictiog
airspece 25 that airspece in which the probebility of 2 midair colilision
was propocticssl to the time in comfiier. As z metter of Set, sxch

E metEod for Sstemmimirg the Peps=d

In otter words, If Iegail seperation

2 Jefinitios wowmid B2 2 oost Tari
s=xZzrds Sov sepezetine sircraft.
standards were estzdbiiched in this mesmer, Egestion (&) woeld e tmee,
by definition. Bowewer, ir is not »ecessary to effer the record of
the bezrirgs in which these stexdards were estzblisked in order to
sToport tie study's cozteation. There meed oot hewe Beea 2 coascicus
effort to éefime 2irspzce separation stzndards zccording co the zbove
description. If there is 2 stropg belief that 2 rational —ethod of
2iiowing for suvccessive incremests of airspace to accommodate each

Independeat source of error im the systemr of air traffic control was,

indeed, used in defining these steadazds, then the sa-e degree of

belicef sopports the contention that Equation (&) is a valid

~'l~'ﬂu&u.u,‘w
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recmesentzticn of the relzticeship Between midziz coliisions znd time
i-:sw:flic:.él

TEe grephiczl representztion of Iodzx 54, fmcloded in a2 previoos
section of the report, is repezted below; Figrre SA. The dzta points
wich zre sheun represent cbservations for the first Balf bhowr (£},
the second h2if boor (S) ==d tke combized bour (C) of the experiment.
In effecy, the valre shown for the £ull bour kas twice the weight as
the B2lf hoor walues, znd is the principal fioding of the stedy: the
average time in conflict for 211 tezws znd 211 semple types emloyed
in the experiment was 149 secends per ezch simelztion bowr for the meaval
systen; 90 seconds for the ARTS system. Egeaticea (§) -- =idair accigents
2re progortiocnal to time in conflict -- zad Equaiion (2) -- =fdair

accidents 2s measured by the nucher of pear misses are proportionzl to

‘toe level of traffic zctivity —— ismply Equatica (33. Tohe tize in

conflict is proportionzl to tkhe level of traffic activity.
T=cX o)
Figure 5A is a graphical presentation of this equation. %be pro-
portional lines were drawn through the origin (when there is no traffic,
there is no time in conflict) and 2 point which represents the combined
26/ This argizent was suggested by A. H. Schainblatt of the University
of California at Santa Barbara who, in the role of a general comn-
sultant, was kind enough to read the earlier drafted versioms of
this study. A description of an attempt to devise separation

standards by using rational methods consistent with his argument
is provided by the work of Holt and Marmer; see Ref. 1i.
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FIGURE 5 A )
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hour value for index 54. The slope of the line ‘or the time (in seconds)

spent in conflict is, therefore: 149 ior manual; 50 for ARTS. This

results in a constant ratio of 90/149 = 0.6 to reflect the reduced time
spent in conflict for ARTS at all activity levels. From Equation (4)
we 'expect that the number of midair collisions will have the same ratio.
The -percent reduction in midair collisions vesulting from the use of
ARTS is, therefore, estimated as:

R= (1.0 - 0.6) = 0.4, or 40 pexrcent (6)

D. $ Benefit for Avoiding an Accident

1) In this section of the study we permit this dollar benefit -to
be a parameter; to assume whatever value is required to justify the
installation of ARTS III equipment at alternative levels of traffic

activity.

This value is obtained by solving the equation:
@ ° ®  © o = ® j
62 0.0088% 0.4 $B $111,300 )]

The value for E = $111,300 was determined in the preceding section as

the increment in ammual costs required to install and operate an ARTS III

system for 10 years at a typical third lot location. An appropriate

point in time for camparing the added costs required to achieve given

benefits is halfway through the decade of intended use; i.e., FY 1977.
Figure 10 is a graphical presentation of Equation (7). It indicates

chat at the activity level forecast for the Syracuse terminal area in

pen—
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1977, the dollar benefits from avoiding a midair collision must be in excess
of $3. 77‘ million., All other ARTS III terminal areas have traffic levels
which are forecasted to be higher than Syracuse and would, therefore,
.reqqire lower dollar benefits, as shown in Figure 10.

In order to complete our analyses of costs and benefits to determine
whether an ARTS III installation is justified at a given terminal location,
it remains for us to estimate the expected value of avoiding a midair
collision. On the basis of our analysis, we will use the decision rule
that an installation of ARTS III is justified at Syracuse, and; therefore,
at 21l othex locations in the third lot buy, if this value exceeds $3.77 million.

2) Determination of the Value of Preventing a Midair Gollision

We have attempted previously to advise the reader of the sub-
jective judgments that are required in even the most quantifiable and
objective portions of this study. It is now necessary to advise him that
this next section of analysis, the dollar value to be attributed to averting
a midair collision is inherently more subjective. And it should be. The
decision maker cannot avoid facing this decision head-on although quanti-
tative analyses can identify the subjective elements for him, narrow their
range, and indicate the sensitivity of the decision to these elements. But,
there are limits to the uses to which numbers can be put, and these must
be understood as well. For example, it may be a delusion to attempt to
estimate the value of an average accident when these values are not
linear, but are a series of discrete constraints defined by the whimsical
moods of society (7 it were only possible to define society). This means
that while i1 is possible to estimate the costs of this accident or any
number that society will tolerate, these estimates have meaning only if
the "breaking point'" has not been reached.

Perhaps, the public will tolerate one more midair collision
between airliners, that is, if a jumbo jet is not involved. But, it is
likely that two midair collisions would result in a public outcry to revamp
the Nation's air traffic control system. Does it make sense, then, to
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estimate that one accident will cost, say, $10 million ard that two will,
therefore, cost $20 million? It does, only if the world of accidents
rémains linear and if the ""breaking point" has not been reached. However,
consideration of-where systems break down may, indeed, be more appro-
priate to.dec¢ision making, even though it is often impossible to define this
breaking point numerically. Pleas by governmental agencies to the effect,
for example, that our "American way of life is threatened” or "the edu-
cation of children will be compromised" unless the public makes a given
investment may be realistic and highly relevant comments, even if they
are devoid of numerical content. The practical effect of invoking unquanti-
. fied statements concerning where systems break down is that they may pro-
vide no guidelines whatever. All governmental agencies could plead that
a single unsafe incident in their jurisdiction was one too many and the
decision maker wouid have no rational method for allocating the Nation's
resources among many unquantified pleas. However, it is clear that the
assumption of a continuihg linear relationship for the costs of accidents
that one is required to make in order to provide numerical substantiation
for the benefits claimed for ARTS III understates the advantages to be
derived from this equipment.

AN g

€

For example, suppose that there were, say,a 97 percent proba-
bility that as many as "Q" midair accidents would not occur if the present
manual system of control were in use. (Q is the level at which society
withdraws its acceptance of the Nation's air traffic control system.) A
central argument of this study is that the use of ARTS equipment is likely
to increase this probability; say, to 98 percent. This is an essential
piece of information that should be made known to the decision maker,
but an analytical method which assumes that accidents may be aggregated
linearly without regard for the iimiting Q value is not able to provide
this critical information,

-

— - - *

o S———— o

Since the analytical method we intend to use in the following é
section understates the advantages of ARTS III---it is more difficult to
justify an investment decision in a linear world in which the costs of '
accidents can be aggregated continuously---this study will assume that
such a world exists, and that neither the ARTS nor mianual systems of
control will result in numbers of midair collisions that exceed society's
level of acceptance.
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There are three principal populations of aircraft -- air carrier;
N «

general aviation; militzry -- in o flight-rule categories -- IFR;

- - - - -. - - - - ’_ - -
_VFR =~ yielding .a. totzl .of nine possibie vatieties of cellisicxns

% -

involving all aircraft populations flying both;§ets'of‘ry1es. The

-
-

matrix of pqssibilities is shown in:Table 23.

The probabilities of each type, of coilision are showm in Table 23 )

as tﬁé product of the relative proportion of aircraft in each’of the

L) - -

three categories of aircraft types and the two kinds of flight rules

that were forecast to be comtrolled by the Birmingham, Alabama, ¢erminal

in 1977. Birmingham was selected as a representative facility in the
o - . . ¥ -

‘third lot procurement. .

Table 24 is a compilation of the data used to value an aqcident-in
each of the 'population categories, Low and high estimates are shown. The

. -

‘ !
average value of a typical midair collision (at a representative terminal

like Birmingham) was estimated to be the weighted ayeraée-of the proﬂai
. i

I 1
bilities and dollar vélueq for the uine possiblé types of collisions.

A low eFtimate of $7.32 million' and a high of $120 million result

from this compilatibn. : : . : 1
' 1 s

» The low estimate of $7.32 million for the average midair collision

13 - 1 v ' H H
expected in 1977 in a terminal area such as Binmingham, is more than

sufficient to justify the installation of ARTS iII.at ail third lot
' )
1ocation§. The margin of acceptance at Syracuse, the low end of the
i . :

activity scale, is about two to one; $7.32 million benefits aliowed;

$3.77 millions expectedi
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Zzble 23

| CMZUTATION (F TEE FECRORVIGE

BY WSICH TS REPRESENY ATR CARRIER
C=XSRAT, AVIATION AKD MILITARY TRASRIC

15 (5% COMPOSITE MIDAR COLLISEON

Propo-tion
of IFR
Traffic M3

Proportion of VR Traffic W;

@)

@ 3
AC = .913 =

GA = .867 il = 120

(i) 2c = .527

(D) &=

(II1) ¥Mil =

E

Su= =

D589 (3x?) 1.4569 (ix2) | .0632 (ix3)

0053 (Izx1) |.28% (Fix2) |.G50% (ix3)

0018 (z11x1) |.1265 (111x2) | .0267 (31ix3

Notes:

cast for

3
Z

1

.00a9
.0043
.0018
4569
.2396
.1205
0072
.0401
.0167
Weighted Average

Example:

Govermment invegtigation cost

Low Average Value of Typical Midair

IFR and VFR propcrtions ware computed from traffic at Birminghen
(to represent the airports im the

Fy 1977.

The computed ratios in this table were muItiplied by the low and

high (separately) dollzr values snown in Table 19 to obtzin the

following estimates cf the cost of a midair cellision:
Lo¥ estimate
High estimate = $120,000,000

$7,320,000

The formula for the computation is:

3

mwij (v, + V.)
1 jI= (Vg 5
(12 + 12) = ,1656
(12 + 0.223 = .0525
(12 + 1.45) = .0242
(12 + 06.22) = 5.5833
(6.22 + 0.22) = .1274
(1.45 + 0.22) = .2012
(12 + 1.45) = .8500
(1.45 + 0.22) = .0670
1.45 + 1.45) = L0484

$7.12 million
.20

=

$7.32 million

ird lct procurezent) as fore-
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T3ie 2%

EZ2 TED 70 ESTDSITE TEE DOUEER 0SS €F A MIDITR QUIUEESICH

Iew Estimeie

Bigh Fsrfmzne

«ff\wa' "'%‘4:4; yits

Pl

Afz Cesrier
Toad Spetor
Czoacity
T=ire of aircesafc
=i of 2 Rife
Tot2R Irss

Midirory Afreraf
T2ime of afrcr=ft
. of cooroeEnts
T2foe of 2 iife
Isested tzainicog
Tor=1 Ioss

Cemeral Aviztion
Y2loe of aircraft
. O occrpants
T2ice of z life
Tot=1 icss

iy

m’m

$260.000
W3 $220,650

B0 serrs
435,00, C00
E300.6000
155,006,600

£30,000,000
0
£300,600
$730.000

£333,7%50,000

$3,000,000
0
$300.000
$5,000,000

$200,000 to B2 zddad in each category for the cost of imwestigetion.
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Wsnan Das b ndh s ebern [

SEree the corfzp seorfom dexured o the detemmimptfom of the dollar
bemefiits aeriforadbie oo an IS E8E frscslizsfem comsfays of & serfes

cE muiripRicoriqe fpotors, the sersirfeity of 2e above comelrsfion to

g

e ve=ices elemenrs of fxdegemient axalyses czn B2 aremeiffed renfily.

T T L

i,

With the detervizprion of 2m Sypooriete mEEin of tho tn quelify the *
Ixsrpiizriom of IXTS FEE 2 Symacoree, it oezwms ther oty combizmetfcom of
ctzrpes, wire muitipiicetiye effect is grepter than 0.3, will mot
23ger the corliosicn: e.z., 3N tzafffic activity, 2V dolizr Becefiits,
3) index 5%, 20d &) the Somecest of midzfir collisficrs mey 231 Be rednred
By 1D percent, with oo eSfiect m the coocinsion to Boy ATTS IEE (0.9 = 0.52).
=, itisgmsz‘ﬁletoéeayt&egmi&izmp:@wby&em
&xing tHhe pext decade 25 opex2ticns grow If significe-t 224 new methods

of air tzaffic ccotrol zze oot adopted. Tn this czse, there wouid Be 2

4

¥
%

6% percext reduction im the doller benefits claimed. Figre 10 shows

rarri aw

Pocy )

Both cases: 1) midzir collisicns zre zssimed to remain 2t the ilevel of

38 experienced in 19583 2) collisions zre forecast to grow 2s cperaticns

bt dhn AR

S aaten LT R

grow to 2 ievel of 62 by 1977. T2 conclusion that the installztion of =

[

e W Vi T e W

ARTS il eguipmeat is warraated at 211 third ot tuy locztions rex=ins

unchenged. Otker coszbinzticas of chznges ia the data czm be estimated ’

P

in 2 simiiar canner.
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Sgmendite 2
Fellre-(in Zroalyetfer? Tmmesrfrnrfors

Seyerzl "prer-neenen™ fnesrfraeins wese comtecteds
A. WL Cpeczcfomel 2mbrsis ond Relofefins.

H. NEEC scperviscry pessenmel exelnered the woittem recemdl of
coxfifor &z Im cuder w crrSiTm thefr Engressiams, cttzfzed tiroegh
persomzll chsemuwetiom, of the relmtive scfery of the twd sysooms.  Aw
Z=hitrrry weighriny schene wes essizred to refiect the seciovsmess of
283 reccoded wiclztions. The rescliss zre presestad Below.

FE. The coctreliiers sio tock gt im the erperinent were poowided

with 2 mErizie cdofce type of coestisomire desizned to cit=inm thedr
sDiective cpicficn crorer=iny (e relatige merits of the AIWS a=d mexead
systems of ectzol. TEe resproses dezlicy with 2 copzrisco of B2 oo
systens fa regzeed to s=fery, expeditices movenent of traffic axd
comtrelier workicads were fored to greatly fovwor ARNS. ITittie embtesis

Bes Desn placed on these restits, fowerer. They were compiled 2s
i/

pext of 2 stzndexd dzbriefing procedize. — Besides, it was cileariy
exdeTsteod before the conlrer ¢f the experiment that expsressions of

controller sztisfaction weze potr sufficiexnt to justify the instaliaticom
of ARIS Iii ecuipment. Experience with this ecuipmest a2t the Atianta
zad ¥ew York facilities indicated that the controliers liked the ARWS
system just £ine.

1/ 1Tbe coplete tzbulaticn of respomses to all questions asked is

available from FRAYEC 2s "Coatrolier Questiormaire,™ Project
155-007-01%.
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IEE. The Yize @ocperariom pesformed spzcisrforl amlywes of wesinns
speeiffed confhempefesl relxlorsiigs In oofiex oo detzmnine choge Sxdfridond
Fxpnres of ARTS FEE tioe comuxifured mose to tihe redured mobhers of come
Eifzts cBrezwed with thfs system fn oxe.  These aulyses - scwnprized
Belme.

0. The Frersporraciom Sysrems Cemres pesfermed 2 sesies of stasfsricsl
Exwestigaeims wainy chese same methemeriesl relz-foreitps bot with a wiew
were Better oi2 o stzy oot ef eoofificts. This is fa comtrresy to the pre-
vEces zmlyais wihich wes erreermed enly with each systens shility to zwoid
coofiicts fior 231 airersft. Mode €, for exampis, on sone given afrezaft
nzy M2t 2 cotroilers D ezsier so thet other axmereft, withoot this
equipment, becefir ¢o the exest of owwoidrog osefiicts. These a==fyses are,
Afegice, soumerized below.

3. NISEC (ozseticozl Evsicetiom

Two metheds for meestwing secereticn diszzoees weze empioyed: Method A
wsed minirom sizot resge 25 the messtwe of speserien. HetEad B msed sepcre-
tion cxiteriz in both wectica? aod borizoctel directions. Ferr lscaticmsi
categories, I-i¥, were coosidered. Yhe weighting scheme employed for both
category of violzticn 2nd minimm szpzration distence is showm in Teble A-1.

Appiying these weights to the record of confiicts resvits ia the
sumzary tebulation shown iz Tebile A-2. This tebuiztion confirzs the con-
clusions provided by the oore objective statistical analyses of variaance.
Conilicts were juedged to be reduced in both vertical znd horizoatal

directions for the certificated and trainese controller using ARTS.

The trainee controller bepefitted to a greater extent.
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SOURCE: "Xeighted Scoras om Conflict Data”
Zetter D. Brown (KA-316) to S. Horowitz (EC-100) '
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VEICETED SCOEES F CONELICTS {
CEERSTIQRRY, ERAVEAVEQN BY NEFEC E
-{:
5xTS Szl g

WEEC Cocttrolicrs

Berizonted Szpzrariom - A.355 2,922 R
Versica® Sepsrztion Z.200 3.23% =
Field Gootroiiers
Borizontad Seperation 1.555 3.550 r
Tertica: Seperation 1.722 2.783 i
SOTRCE: Ibid., Teble A-3_ ‘
3
2. MITRE Stetistical Arnciysis of Cooflicts Dotz i
e following descriptioms znd tebalar presentations of these data i
i
beve been reprodnced from the METRE report. ;
i

L3 Rezression Metrhodolozry

As an informzl part of the project, MiTRE zsgreed to run some
muitipie regressions in the area of safety and index of 5
oréeriiness. Taree versions of iadex of oréderlimess were
svpplied by KAFEC, =2d the assimption is =ede, for the
purposes of these yegressioans, that index of orderlivess is
2 valid measure off confliects, or poteatial =midair collisions.® |

Three regressicns were perforoed,*
regression #1 -

1.0. + 1= amﬁm’ Hode ®

regression %2

1.0. = 1= d 1¥rRP Mode ®

regression #3

4
|/
I.O.-!-1=aum(8 ’g
]
H
§
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wEre

as 8, ’)’, 3 are the regression parzueters to be éetermirmed
(Aiffereat for ezch regression rmm)

E.0. = izdex of oxderlimess
IFR = IFR redzr coumt
TR = VER r=der coumt
Moda = fraction Mode C egripped =ircraft
UK = reder cowt of 211 cfimonm zircratic where vnkpown is defined
2s follgws:
Mzmmal - 211 R
ARFS FIE - 211 pom-mode C ¥ER

Bzta for the regressions was available for ezch mEnute of ezch
e, ¥Be regression was rra separately for mzaval znd ARTS,
certificated znd pon-certificated; thus there were 18 = 60 - 1080
éata points per regressioa.

A1l three regressions azre 2a expopent form. They =27 b2
cozverted to 2 linmear form by tzkinmg logerith=s of both sides,
as folloms: .

log (1.0.+ 1) = logd + B log TFR + ¥ log ¥FR + § log MODE
log (.0. =+ 1) = log a =+ B log IFR + b log MOIE
log (1.0. + 1) = logd + glog K

The logarith= operation de=ands that no originzl varizble tzke
on a2 zero valee. It is for this reasoa that the regressiocns
are with 1.0 + 1 as the dependent variable, since 1.0. can
assume a zero value. 7Tn cases where the independent variables
assumad zero values, a2 sn2ll positive valve was substituted.
Standzrd prograas were IRM's Scientific Subroutine Package (5SP)
for Systea 360 were employed to effect the regressions. The
output is suz=marized in Appendix E."
-- SOURCE: "Results of MITRE's ARTS III
Validation Effort,"™ Ibid

Ref. 8.

*The form of the regression equations were specified in advance. The

first of these versions recorded all potential conflicts without regard
for whether violations were in the horizontal or vertical direction.

The secend version recorded violatious in both directions, but included
severe violations only. The third version was similar to the second, but
the separation standards were somewhat relaxed.

el KN
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3. Interpretation of MITRE's Regression Statistics

Cocments will Le confimed to the index of orderlimess version
mxbers 2 and 3 for certificated controllers. Version nusber 1 reZlects
slzat rapge separation only for which no legal standard exists. Aud
in keeping with our previous discussicns, the interpretation of trainee
performance will be limited solely to inferences about the ability to
train coatrollers.

Regression nuzber 1 tells us we can infer that the number of
conflicts grow at a rate which is less than the square of the traffic
(the rate to expect if a "gas molecule" collision model were appropriate),
The exponent for IFR traffic ranges from 0.6 to 1.0,. These values are
statistically significant; they exceed their standard deviation by more
than a factor of two.

However, the exponent to the level of VFR traffic does not differ
statistically from zero. This result was not unexpected since the
experimental design employed in the NAFEC simulation did not have
sufficient variation in VFR traffic to estimate a reliable coefficient
for this variable. VFR traffic was approximately constant in the
experiment, and the statistical analysis confirms this.

The exponent to the proportion of Mcde C behaves according to
expectation in that it is a negative value ; the higher the proportion
of Mode C, the fewer the conflicts. But, there is a minor ancmaly

in that one would expect this relation to hold only for the ARTS III
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Regression #

1.0+ 1= a 1¥RP VER). Mode ®

. Correlation Coefficients
a | B Y 8

Version Runs r.c.ir.c. ¢s.d.jr.e. |s.d. r.c. s.d. | IFR |VFR |Mode JMultiple
1 MAR - CER{ .304] .574| .070} -.016 | .021 | -.413 |.202| .28 |.15 |-.02 .29
ARTS- CER | .316| .568| .062| -.011 }.019 | -.732 {.187} .28 {.15 |-.08 .30
MAN ~NCER | .342 | .5571 .079-]—.026 {.023 | -.399 |.217} .23 |.12 |-.03 24
ARTS-NCER | .268 | .624] .067 | -.050 | .20 | -.601 |.195{ .28 {.11 |-.06 .30
2 MAN - CER:| .14%4 §1.022 | .104 | -.043 |.031 | -.801 |.301) .32 |.16 |-.04 .33
ARTS- CER | .1567f .916| .096 | -.012 | .029 {~1.301 }.290} .32 }.18 |-.09 34
MAN -NCER | .218 | .88%9f .112}-.039 |.033 | -.814 }.305{ .26 {.13 |~-.05 .28
ARTS-NCER | .130 ] 1.131] .100 | -.128 |.030 | =.727 {.290} .31 |.09 }-.05 36
3 -MAN - CER|.233| .782| .084 | -.043 1.025 | -.317 |.241{ .30 |.14 |~.001 .31
ARTS- CER | .308 | .626| .076 { -.013 |.023 | ~.748 |.228} .28 {.16 |-.06 .30
MAN ~NCER { .403 | .591 | .U94 {-.023 |.028 | -.453 |.256| .22 {.11 |-.C2 .22
ARTS-NCER | .251| .763 | .07S | -:072 |.024 | -.566 |.230] .28 |.10 |-.05 .30
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RENES

system. Logically, Mode C is a silent contributor to the manual system.

It should have no effect on conflicts., Version 3 behaves nicely in that
!

thu” exponent for this variable does not differ from zero for the manual ii'

o
32

system, whereas it is.a negative value for ARTS. Version .2, however, ?g
shows a negaéive value for both systems. This is due, probably, to the = 72
fact that the equation forms used in regression 1 could not differentiate ’:i
he§Weeﬁ specific transponder fe%tures: an aircraft with a Mode C " ‘%%
transponder was still able to provide a double slash symbology when the ;é%
manba l system was being used., Therefore, the greater the proportioanf bki%
. 1.3
Mo@e C'eqpipped aircraft, the fewer the conflicts; even for the manual ﬁ ;f
'system., "However, in all versions for the index of orderliness, the @.;ﬁ
i

negative value is larger for the ARTS system, as it should o¢., ] %
Regression number 2, deletes VFR traffic as an explanatory variable, % é%
since it was expected that its effect would not be significant. There is : %
little change in the results. The exponent to IFR is about at the same E
level; a range from 0.6 to 0.9. Both sets of equations show a lower i: i
v )

growth rate in conflicts using ARTS. The exponment to the proportion of § é
$.d

Mode C transponders shows the same pattern uescribed previously in _ : ,E
regression number 1. % :%
Regression 3, attempted to pinpoint the contribution made by ’ z j
Mode C; to differentiate between double slash identity available from 3 %
the manual system and the actual reporting of altitude information, It ‘ .E
4 4

should be noted that the growth rate for conflicts as the number of E —é
"unknown" aircraft grows is less for ARTS than manual. Moreover, the 3 %
i} @
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Regression #2 |
- - I.0+1= ¢ BMode6 2
v Correlation
Coefficient
RS TR a B s ’ -
Version| Runs r.c. {r.c. {'s.d.| r.c. s.d. | IFR |Mode | Multiple
v 1 MAN - CER {.327 |.540 {.055] -.428] .201] .28-|-.02 .29
ARTS- ‘CER | .332 | .486 | .049 -.7411 .187| .28 | -.08 .30
MAN -NCER |} .385 { .502 }.062 -.430}) .215}) .23 }-.03 24
Al » ARTS-NCER | .332 {.5201.053} -.668} .193] .28 | ~.06 .29
2 MAN - CER | .174 | .933 | .082 -.8381 .300¢} .32 | ~.04 .33
ARTS- CER | ,165 | .892 { .076] -1.311} .289} .32 |-~-.09 .35
MAN -NCER { .259 { .808 { .087 -.8601{ .302{ .26 {~.05 .28
ARTS=-NCER | .227 1 .866 {,079 ~-,8981 .,2901} .31 | ~.05 .32
3 MAN - CER | .282 | .694 | .066 «.3541 .2411{ .30 | -.,001 .30
ARTS-CER | .325 | .600 | .060} ~-.7581%{ .2271{ .28 {-.06 .30
MAN -NCER 0447 c542 0073 '-0480 -254 ‘22 -003 022
ARTS-NCER | .343 | .614 | .062 -,6621 .229 .28 | ~.05 .29
X
)
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Regression #3

1.0+1=a Nk ¥

Correlation Coefficient
a B
Version Runs r.c. r.c. s.d. Unknown = Multiple
1 MAN -~ CER 1.620 .084 .017 15
ARTS- CER 1,818 -} .023 .007 .10
*MAN -NCER 1.741 .071 .019 .12
ARTS-NCER 1.873 .002 .007 01
2 MAN - CER 2,892 .135 .025 .16
ARTS~."CER 3.696 .046 011 .13
MAN ~-NCER 3.104 114 .026 .13
ARTS~-NCER 3.722 .003 .011 .01
3 MAN - CER 2.109 .097 .020 14
ARTS- CER 2.530 .029 .009 .10
MAN ~NCER 2.286 .079 .022 1l
ARTS~NCER 2.505 .002 .009 .01
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difference in ths rate of growth Setmesn ARYS ond memwal is statistically

significant. Figure 2-1 is 2 graphical presentetion of this result.

This resvit would hzve Iomeose przcticzl significance if the explenztory power

3

of thke regzression eqration were grezter. This power is d=fined by the
- co=fficier: of correlatrionm; the sguare of this coefficient represeots
: the percect of the totzl wariztion in the data that is zccornted for by
. the sizgle varizable: "eokaown aircraft.” This percent is low for
regression mu=bers 1 zrd 2 (1D perceot of thke wariance is explained),
aml even lower for regression mzber 3 {2-3 percest cf the verispce is

accounted £2r). But, correlatior amalysis tells evs that this perceamtzage

contributicn by Mode C is nighly significant statistically; the

O 4 2 \,:;Z, : Ly, % “ .07 a0 .
iy & " b . L N 0 ¥
PR BT S O Y G I ST T A AR AR SRS

coefiicient of cecrelation is five tizes as lzarge &s one would expect

- frow 2 random sample of the size used in this analysis (1080 data

. points). But, the causes of conflicis, as revealed by the correlation
analyses described above, are so varied that even though we can clainm
tha;:, statistically spezking, the number of unknown aircraft explains
the occurrence of conflicts to a significant degree, as a practical

, matter they do not explain very auch (97 percent of the variation in

conflict data remains unexplained).

4, TSC Statistical Analysis of Conflict Data

Y
& parallel effort was undertaken by TSC to determine the isolated

. centribution made by the addition of Mode C capability. This effort was
'

concerned primarily with an examination of those aircraft which came

into conflict. Sophisticated mathematical techniques were employed to

! <

v ¥ £\ g2 @ . I . o L e
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fit Bode C 2of trefifc acHvity vasiztiss o the aoterd reommd of

R

comElicts: the inder of crdexliress was mot vsed 23 2 pToay.
In gemerel, this effort poodorsd resylits wiich were frceoclimsive.

TSC éid comfirm, bowewer, tEzt "IER traffic demsity is posttisely

e W ks g oy

coxrelzted with coxflicts zod percext Mode CEER) s pegatively
co~relzted with conflicts.® It wes ford, for exrmmpie, thar "IER trgffic
demsity accornts for the Iiom's skare™ of the coxfiicts, Bor We h=we E
to lecwe voenswered the coestiom 2s to wiether z koowledzz of the TER
treffic demsity coniributes significantiy to the probzbility of conflict
when IFR treffic demsity is boown.® Ferther, TSC foomd that “wo

increased safety for Mode C aircrzft was showm by tiese strdies. ™

ESC cozclrdes that, "ocr chief zccompliishmernt was developing the
analysis packsge, gainirg experiemce in evsing it =2nd discoverirg its

-

weak poiats.” The fault, kowever, was not im their method or lzck of
desize. it was sizply 2 matter of trying to squesze numbers beyond their
usefulpess. The study was not desigped to provide coxiusive informaiion
regarding what specific feature of ARTS 171 was most useful; ¥ode C,
ground speed, alphanuxeric identity, etc. It was intended only to
cozpare the package of ARTS III autonmation with the manual systea of
air traffic control. The follow-on analyses revealed that a newly
devised experiment, not further manipulation of the conflict data, is
required to answer more specific questions concerning ARTS III.

In summary, while the inability to separate the contribution made

by individual ARTS I1I features is a disappointing result of the total

SOUUI lk J’;f
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foilow—cn zrelyries? effore, ttese wese 2 fow oodest grfnx oeyestieleqs.
e raze of grossh £n ccefifers 25 a fomediza of raffie dersiny,

winfelh wes revezied iz i EEIES ax2liypsis to Brre oo exgpomectial zele
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of grouts of 1@ for the meomzd system In regression 2 (Tecozd of

sexzre viplztices), ifrees with tbe zaalysis ¢f rezr miss dorz sioum

|

in Figrze 9. Both set= of dara, obtafred foom Eimdegendemt sooroes,

{
3

sypparnt tEe opoventine of 2 proporticcel, retfer tihem 2 sgrered relaripn

to traffic zctivity.

e dzta ot 2 mipimrm do oot refmie the cootenticn fhet Mode C is
2 signdfie=zct contrifrior to the redoction in confiicts. They irdicate
that Mode € 2icse does m=oft 2ccorat Sor this redection. Mereosser, 2il

regression azalyses performed by The MITRE Corporztisn revezl that the

rate of growth of conflicts with regeré to traifific activity is Iess for
tke ARYS systen then mernai, This result, a2ithoogh statisticaily
significant, indicates that 2 more precisely ccoatrolled experimeat,

——

designed for tbe single purpose of estimsting traffic zctivity =nd

v

Hode C effects is reguired before practical judgoents cen be mzde.

e
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2CENIRTEDIERTS

A stody which reqeires tiher the mesclirs of 2 pipsiczl
eperinexr Be folmed with the aypererew of a2 coor/berefin
zrelysis relfes coom the comiribetion ¢f mexy fov frs scooess-
ol eonplegfon. Thire weme the pesplis who were pit of the
exgerinext; the Fi2 comrrolifers win wovrked the siomiztos
eccipmerr, rod thoee Beiied the sceme 2t TEFED wio actoeily

rrepered 228 ram the experinest. The MEIES Cosperzriom 2xd
the Trazsgortzrion Sysrems Cezoer pravidzd riefr comsideradie

z=2igtiesl zmd seftwore capedilfty. 2nd, aTuoet witioct
most gemErees i fhefr zssisteore. Boo, 2R this comes eder
the Eexdirg of pecplize frst dying their fob, o=f w&ile their
contribetism is gratefaify aclomwledsed a=d asorecizted,
specizl mention is &e those wtose contrifcticn weot Tar
Beyond wizt was expected of tfem. Tocioded in this categosTy
is M. Bethen Maoted of the Feriom=l Cenrer Imstitore Em
Bethesda wiv geve Ereely, with pro Ertended, of his imepse
store of statistical kowledze 2nd experience. His asssistzoce

exczdied zn ezzer grorp of imweshigztors, caive in e metieds
for the stetistical design of experiments, to devise 2=
experirent ther worked. Specizl mention is = Trofessor Cheriles J.
Stoze of toe= Taisessity of C=2liformia 2f isms Acgzies winore profoumd
analyticzl talents, provided 2s 2 cowsuitzat to the stody, ware
Decesszry assets to the study. Then, toc, the friendlz guidzcce
of Robert E. Sszpson, 2 coliesgwe From the GEfice cf the
Associzte indstrrator Sor Plans, merits specizi ackorwledgnent.
His prewvious experience as zn z2ir trzific coxtzoller was
consistently drasn vpon, 2zd the study could not kzwz beem
copleted withovt his fregeent issvance of mewigational
directives znd zdvisories oz bow tc a2void bureaveratic
turbulence.
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