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DECISION-MAKING AND JUDGMENT
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1 Mt S et

The major emphasis this yzar was to analyze the controller-centered
capacity constraints that might reduce the potential benefits of auto-
mation by limiting operationally attainable capacity. To start with, the
following hypotheses were postulated as possibly limiting the capacity of
an ATC system, and more particularly the capacity of a control sector:1

R

LT it

TR

; * The responsibilities imposed on a controller--hLoth those

explicitly prescribed and more particularly those he per-
ceives as imposed on him because of the safety seeking
character of his jcb. In this category are included the
personal responsibility of a controller who may '"cut corners"
to expedite traffic, the sense of "total responsibility
without complete control”" that may cause him to be overly
conservative in moving traffic, and his sense of perceived
"fault" in considering the possibility of accident,

LRl S S L by
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The degree of trust of, and reliance on, technology (hard-
ware and software), other controllers, supervision, and
pilots., This category includes the controller's perception
of the limitations and operational capabilities of his
equipment and his perception of the cooperation and assis-
tance he may expect from others in the system. Cases where
too little trust and reliance are used by a controller, as
well as where too much are used, are pertinent,

o o dat b R
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R. S. Ratner, "Capacity Limitations Associated with Controller
Judgmental Fuctors,” Initial Briefing for FAA Subprogram Review,

SRI Project 8181, Stanfo-' Research Institute, Menlo Park, California,
8 Oct, 1971,
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The controller's perception of the reliability of his equip-
ment, his understanding of the possible failure modes for 3
his equipment and procedures, and the degree to which his
reliance on fail~safe concepts of operation is either im-~ E
plicit or explicit in his functioning. 1In this category ;
we consider the basic reliance of an ATC controller on
"backup:" A controller's prevailing mode of operation is
tc preserve one or more alternative "ways out" of every
potentially difficult situation, especially those associated
with equipment failure, Again, perceptions of reliability

that are biased toward either good or bad performance are
pertinent.

et Y A L, L

Expected visibility of actions. One might reasonably expect

the controller's decision~making processes to be affected by
his judgments and expectations of the fact and consequences
of his being observed, either visually or by voice communi-
cation links, by pilots, peer controllers in his own and
adjacent sectors, area or team supervisors, and visiting

observers, Effects on capacity operations are pertinent
here.

S e,

PARTIS A AL
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Latitude of reasonable decision objectives., In a complex
decision-making role, such as ATC sector operation, a wide
latitude of reasonable decision objectives and alternative
actions appears to be possible. If so, capacity operations
might be affected adversely by decision-making time require-
ments associated with the action selection process.

FPPIET TP YOI Y

P

The first step in undertaking this year's effort was to define and
develop measures of controller and system performance that were likely
to be sensitive to the factors postulated, and to devise analytical or

experimental methods to ascertain the existence and extent of each of 3
the relationships.
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Table A-1 summarizes the activities or tasks performed by the
controller during routine ATC operations. The tasks are performed in
conjunction with other people (e.g., data controller, pilot) and equip-
ment. Frcm this summary table, it is apparent that a significant number
of his activities (such as detect significant deviation from planned ;
path, detect significant clusing rates, detect potential conflict, and ;
so on) entail judgment and decision-making. These are the tasks that

usually are so complex and ill-defined that they cannot be readily formu~
lated into a routine algorithm.

making are of interest here?
situations.

Specifically then, what kinds of decision+
Consider the following hypothetical
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Table A~]

TABULATION OF CONTROLLER OPERATIONAL TASKS

Component Control Activities

Controller Tasks

Information acquisition
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Situation analysis/hecision
formulation (or situation
evaluation/hction gelection)
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Communications

Data storage, retrieval,
record tinding

Locate selected target(s).

Identify selected target(s).

Track selected target(s).

Scan flight progress board (acquire f£light progress data).
Acquire aircraft status data: normal/%merzency, aliitude,
climb/hescend, speed, revise estimate.

Acquire facility and environmental data.

Monitor targets of significance to controlled aircraft.
Acquire advance information on arriving aircraft.

Monitor £light progress (compare track with flight rlan),
Detect significant deviation from planned path or fiight
progress.

Monitor and estimate separation between controlled
aircraft,

Estimate closing rates between controlled aircraft.
Detect significant closing rates between controlied
aireraft that mey necessitate correct action (intervention).
(Alternatively) detect potential conflicts that may
necessitate intervention.

Formulate control instructions or clearance amcndment to:
alleviate cunflict, ensure required separation (or
spacing), facilitate traffic flow, avoid hazard.

Accept or transfer control responsibility.

Request spacing modification or flow constraints.

Refuse control responsibility.

Coordinate with adjacent control jurisdiction; request
authority for control action in adjacent airspace.

Grant authority for control action,

Issue clearances, clearance amendments, and control
instructions; assign beacon codes; obtain aircraft
information.

Coordinate arriving aircraft flight plans, revised
estimates, and flight progress data.

Coordinate aircraft location and identity.
Coordinate workload and flow restrictions.

Receive or give handoff.

Coordinate aircraft movement.

Enter data,

Enter system commands.

Enter information requests,

Mark flight progress strips (revise estimates, flight
level and other data).
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Obviously a basic element of any decision is that there are alter-
native choices involved: Shall I vector TWA 63 around slower traffic,
or not? Shall I clear AA 10 through UA 56's altitude or wait? Is there
a potential conflict situation on my radar PPI? All these decisions
involve choice among two or more alternatives, Yet certainly some
decisions are easier than others: If Navy 456 calls on frequency and
I have no other traffic, shall I answer his call? Certainly. The
decision is plain and well defined. The decision—-making criterion is
so simple that no judgment is involved. 'Anyone' could make this decision.
A computer could be programmed explicitly to do it. In some sense, this
isn't a real decision at all: among the two altornatives (answer now
or do not answer now) one is indisputably and always better than *he other.
"Better" means more in accord with the objective or criterion for making
the decision in this particular ATC situation. We call this the situa-
tional control objective., It is immediately clear that one alternative
"answer" has a higher value outcome than the other, and there is only
one reasonable way to define "value" in this situation, i.e., as degree
of responsiveness to users. Some controllers do not call these activi-
ties decisions, since they are so routine. The judgmental factors we are
studying in the present project have no bearing on such routine processes.
There is nothing to judge; the meaning of "value" (i.e., the situational
control objective), the situation and the nutcomes of the alternatives,
are clear and indisputable. Nonjudgmental decisions are not of major
concern to us in this project; their effects on capacity are felt entirely

through the amount of time required to implement the (unambiguously)
selected alternative.

1. Decisions Involving Judgment

Consider now another ATC situation: ''TWA 68 was handed to me out

of 200 climbing to 370, NAVY 456 under my control is level at 350 on
the same airway.

Is there the potential of conflict?
What situation is likely to result?

What action (if any) should I take?
This sequence of decisions involves three specific judgmental elements:

Uncertainty of situation--need to estimate/bredict using
incomplete information.

Uncertainty of alternative outcomes=-need to evaluate’
predict the likely outcomes of possible alternative
actions (including "no action™).
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* Uncertainty as to the relative weighting, or importance,
in this particular ATC situation, among the various com=
ponent elements of the control objectives=-need to strike
a balance or make tradeoff judgments to arrive at a
specific measure of value, or situational control ob-
Jective, against which to rank action alternatives.

Let us consider the ATC situation above to illustrate these elements
of a decision, First, there is uncertainty of situation requiring some
estimation, or assessment, of situation. Is a conflict likely to arise?
Where? The assessment will be made on the basis of speeds, climb rate
(through pilot reports of Mode C reporting), and so on. Second, there
is uncertainty of alternative outcomes. If I wait for a while to allow
the situation to become clearer (more imminent!) my control instructlons
may not be executed quickly enough, If I delay getting TWA 68 to its
cleared altitude, I subsequently may have to delay another aircraft now
level at 370, but currently ztar enough upstream to neglect. It is
apparent that some actions have less or different uncertainties of ont-

come than others, Third, and most exemplary of human judgmental processes,

the relative weightings among possible contrecl objectives appropriate in
this situation must be established by the controller, Consider the fol-
lowing reasonable goals for this situation:

* Avoid excessive penalties (delays) to traffic

¢ Keep your workload within bounds

¢ Limit risk of conflict materializing

¢ Strive for smooth control technique for professional pride
¢ Avoid visible mistakes

* Avoid hard-to-correct mistakes.

Which of these is important here? Possibly all of them! Perhaps others
are listed as well. The controller must judge, on the basis of many
complex factors (especially those that are the objects of our study:
perceived responsibility, reliability, adequacy), the relative priorities
and weight to give to each factor in assessing each possible alternative
control action. These judgments are probably the most complex of con-
troller mental processes, even though he may make them implicitly.
Whereas many assessment and prediction tasks may be readily reduced to
an algorithm (i.e., "automated” or programmed) or at least completely
defined as a sequence of simple steps, the value-judgment decision
elements are generally not well defined, at least not explicitly, and
are subject to differences of opinion.
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The key to automating decision processes seems to be in structuring
the judgmental processes involved here. We will have to pursue this line

of reasoning in order to evaluate the capacity effects of various judg-
mental factors, in relation to level of automation.

2., Decision Model®

As a first approach in trying to analyze judgment and decision-
making for this project, we have focused on three general ATC decision
classes. These are:

® Prediction and resolution of potential conflicts by
R-controller (radar controller).

¢ Implementation by R-controller or prescribed sequencing/
metering requirements.

¢ Situations caused by traffic or by facility outages, and
decisions to invoke priorities of action or attention
(including local flow control and need for assistance) by
R~controller or area supervisor,

A general decision model described by Schrenk® was modified to
facilitate the description and analysis of the judgmental and decision-
making processes in these ATC situations. A diagram of the modified
version of the model is presented in Figure A-1,

The model is divided into three phases: (1) deviation recognition,
(2) situation assessment, and (3) action selection. A brief description
of the steps in each phase is given below. Keep in mind that many of
the decision elements are implicit in a controller's mental process;
it is only for convenience of analysis that we are dissecting the decision
process here.

a. Deviation Recognition

The first phase of ATC decision~making is concerned with
recognizing that some deviation from the planned course of action is
significant enough to cause a problem. The steps in deviation recogni-
tion are as follows.

: L. P. Schrenk, "Aiding the Decision Makcr-=A Decision Process Model,"
Ergonomics, 1969, Volume 12, No. 4, pp. 543-557.
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1) Objectives

Objectives specify the purpose, mission, or plan that the
controller is trying to accomplish, They provide one of the primary
factors in determining a deviation that could cause a problem. Objectives
usually have many components and are ranked in some kind of order based
on explicit or implicit priorities. Three categories of objectives exist
for this project. They are (1) ATC organization related objectives (e.g.,
7110~manual type objectives), (2) the particular facility management
related objectives (e.g., letters of agreement, traffic-flow-pattern
considerations), and (3) the controller related objectives~-those in-
volving his own perceptions, judgments, and personal goals. The specific

objectives for each category must be defined for each decision class
situation to be considered.

2) Information

Information on the current state of the ATC system and
its environment is necessary if the controller is to determine that a
deviation from the desired operating state exists., The controller
receives aircraft informatiun from flight progress strips, the radar
display, and from voice communications with the pilot. He also receives
facility information (e.g., equipment outage, equipment operating levels

or conditions) and environmental information (such as weather reports and
pertinent terrain hazards).

3) Perceive Significant Deviation

In the three general decision classes mentioned above, a
problem requirirg a decision occurs when the controller perceives an

existing or forecasted situation that would prevent the objectives from
being reasonably fulfilled.

4) Assess Problem Urgency and Importance

When a significant deviation, requiring a decision, is
perceived by the controller, he must determine its priority in relation

to other problems that are currently under consideration along with the
time available before the incipient problem takes place.
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b, Situation Assessment

The second phase of ATC decision-making is to perform an assess-
meut to determine the probable situation that is producing the problem.
The steps in situation assessment are as follows,

1) Define Possible Situations

The different alternative situations that could possibly
gelierate the problem must be recognized and enumerated by the contioller.

2) Evaluate Situation Likelihoods

The controller must assign probabilities to each alternative
hypothesis, These probabilities indicate his belief in the likeliness
of each of the situations and take into account the aircraft and the

facility and environmental information available to him, as well as when
the problem will occur,

3) 1s More Information Desired?

More information is usually desired for nearly all problems
containing uncertainty in order to increase the accuracy of the decision.
The controller must determine if the expected value of the additional

information is worth the time delay or is worth any possible risk caused
by delaying action.

4) Identify Possible D:i1ta Sources

All of the possible sources of data that can possibly
yield pertinent information concerning the problem must be specified.

5) Judge Data Value Versus Cost

The controller must determine the source from which to
seek the desired data. Some of the parameters that must be considered
in making this choice are (1) the time available before the problem
develops, (2) the time required to obtain the data, (3) the reliability

of the data, (4) the reliability of the data source, and (5) the useful-
ness of the information.
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6) Obtain More Information

Although more information is desired, the controller must
still evaluate the cost and value of data to determine if the additional 3
information is worthwhile. It just might turn out that after thorough
consideration the cost of additional information might be prohibitive.

p) Seek More Information

A s T T T4

If the choice is made to seek more information, the
controller takes the necessary steps to obtain the desired data from
the source considered most cost effective,
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8) Re-Evaluate Situation Likelihoods X

A s

The controller uses the additional information to revise
his probabilistic assessment of the likeliness of the hypothesized
alternative situations.
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9) Select Probable Situations
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On the basis of the assessment, the controller selects
the alternative situation that he perceives to be the most likely cause
of the problenm.
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C. Action Selection
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The third phase of the ATC decision process is concerned with
determining the action to take to alleviate the situation that is per-
ceived to be the cause of the problem. The steps in action selection
are as follows.

TR T Ty
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1) Define Control Subobjectives
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The objectives previously mentioned usually are very
broadly stated and are too all encompassing to define a specific basis %
for action. Consequently, for a specific situation the controller must A
determine subohbjectives consistent with the major objectives that defined '
the basis for his actions. Some examples of these are:

12




R T e A W e s LT AT AR TR ST TIIAITRYTE, T T LR T T Y TR T R L L RENES A b et a2 a2 taa e et E ar e Sl i 6 R TR
LA TOE e - T v % P

8veoild excessive delay to traffic,

» Strive for smooth control techuique.
* Avoid visible mistakes.

Limit risk of conflict materializing.

Keep options open.

Avoid "nonstandard" control to minimize personal .
i responsibility. |
i

2) Specify Important Situation Measures

The controller specifies the (performance) measures that
are to he used as a basis for classifying the problem situation under
consideration. These measures form the basis to determine the situational
contrcl objective as well as the procedure for evaluating the action

alternatives. They specify the controller's value criteria for the
situation,

E
E}
E

3) Define Situational Control Objective

T T i ¥

The measures of importance specified above determine the
control objective that the controller is trying to achieve for the situa-
tion under consideration. This objective provides the basis for evalu-

ating how well the action alternatives will be able to alleviate the
problem situation.

R b e e
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4) Operating Doctrine

Operating rules or doctrine provide the guidelines that
help to determine possible actions that are available to alleviate the
situation causing the problem.

P A T e w

5) Generate Action Alternatives

3 A reasonable set of alternative ways of alleviating the

3 probable situation must be generated by the controller. Some parameters
considered by the controller in specifying the action alternatives are
performance characteristics of the aircraft, time available for decision-
making, and time to implement action.
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6) Predict Possible Outcomes

All of the possible results for each action alternative
mist be determined.

{ 7) Estimate Outcome Likelihoods

The controller must then use all available information
on the aircraft, the facility, and the environment, along with experience

and judgment, to estimate the probability of occurrences for each of the
outcomes for each action alternative.

R Lt Rl ik

L) e

o 2 v Vg

8)

&

Evaluate Action Expected Values Versus Cost

et AT

The values of each possible outcome for each action alter-
native must be determined using the measures specified in "2)" above and

) then combined to obtain an expected value for each action alternative. ;
3 The expected value must be considered along with the cost (usually in 7
4 terms of time) of taking the action to determine the expected net value é
3 for each action alternative. E
3 9) Rank Actions Against Control Objective E
3 The controller evaluates each of the alternative actions %

against the situational control objective that he is trying to achieve, 3

so as to determine its ranking in terms of how well it meets the cri-
terion.

10) 1Is More Information Needed?

The controller compares the cost (mainly in terms of

time) and value of obtaining additional information to determine if it
is warranted.

11) Seek More Information

As in the situation assessment, if the choice is made
to seek more information, the coniroller tuakes the steps to obtain the
data from the source considered most cost effective,
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12) Re—-Evaluate Action Alteriiatives

The additional informatioa is used to revise the estimates
used with the action alternatives, as well as providing a basis for con-
sidering new action alternatives,

13) 1Is Best Action Acceptable?

The alternative that secms to offer the preferred course
of action is reviewed to determine if the expected gain is worth the cost
and to ensure that any pc.sible adverse outcomes are acceptable or can
be avoided., If these conditions are not met, then some new alternatives
may have to be developed.

14) Select Control Action

The action alternative considered best by the measures
and the ranking is selected.

15) Implement Action

The controller takes the necessary steps required to
implement the action that seems most likely to alleviate problem situa-
tions.

Obviously this breakdown of the controller's decision-
making process is too detailed for use in discussions with controllers.
A more rudimentary breakdown of the decision-making process into the
three basic phases (i.e., (1) deviation recognition, (2) situation
assessment, and (3) action selection) is as detailed as will be needed
there. However, this detailed structure facilitated subsequent analyses
that were undertaken to ascertain the effects of the different levels
of automation on decision-making and judgment,
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E AUTOMATION LEVELS=--CONTROL AND OPERATING CONCEPTS
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3 AUTOMATION LEVELS--CONTROL AND OPERATING CONCEPTS

PR

To explore the impact of controller judgment on system capacity,
four levels of ATC system automation have been postulated, as shown in
Table B~1. These four levels reflect distinctive stages in the evolu-
tionary development and implementation of the National Airspace System.
The increasing levels of ATC automation are necessarily accompanied by
modifications in operating procedures, and will undoubtedly necessitate
substantial revisions in control concepts and operational doctrine.

The time-phasing of the four selected levels of ATC system automation,
and the operational and control considerations associated with each of

§ them, are discussed in parts !} through 4 of this appendix. The remainder
3 of the appendix is devoted to a discussion of the impact of automation

on ATC functions and decisions,
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1, Level I: Nonautomated Radar Ccntrol

T
FITT SN

This level is the "baseline" system and reflects current radar
ATC practice in the domestic United States. System operation depends
completely on the human controller; he makes all ATC decisions without
3 computer assistance and communicates these decisions to pilots by voice
é radio. Computer assistance is limited to preparation and distribution ;
of flight strips. Control is ground directed, either by assignment or :
approval of specific tracks and altitudes, or alternatively by direct
navigational control of the aircraft (through the issuance by ATC of
heading vectors and ‘or speed instructions). Clearances are issued with
limited conflict search; conflicts are resolved in real time based on
radar display information. Preferential routes and standard terminal
arrival anc¢ departure procedures are used to facilitate preplanning and
3 to reduce voice communications. Flow control and airport reservation
procedures are in effect under certain conditions to control ATC work-
load level and to limit congestion and delay at a few busy airports.
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2, Level II: uechanized Tracking and Flight Data Handling

This level is the first stage of ATC automation and is exemplified
by the Enroute NAS Stage A or ARTS 111 equipment operating with beacon
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Table B-1

AIR TRAFFIC CONTROL AUTOMATION LEVFLS

Automation Level and

General Description

System Functions

Level I
(2nd generation ATC)
Nonautomated radar control

Levei II:

(3rd generation ATC)
Mechanized tracking and
flight data handling

Level III:

(Upgraded 3rd generation
ATC--Step 1)
Computer-aided decision
processes

Level 1V

(Upgraded 3rd gencration
ATC-=Step 11)
Computer=genera*«d control
actions

¢ Unaided human decision-~

s Voice conmunications

¢ Computer generation and

* Automatic altitude report
¢ Computer-processed flight

¢ Computer-generated display

¢ Computer-aided metering,

System Hardware

making

(A/G/A and intrasystem)
Manual radar tracking
Manual update and revision
of flight strips

distribution of flight
strips

Radnr/%eacon tracking
Automated handoff

Alphanumeric data tag
plan updates and revisions

of flight data and system
status

sequencing, and spacing
Computer-generated hazard
alert (conflict, deviation,
and the like)
Computer-generated action
reconmendations
Computer-formatted control
instructions

Human review of computer-
recommended actions
Controller-initiated G/A
communications (voice or
data)

Computer—assisted intra-
system communications

Computer-generated control
actions

Computer=generated clearances
Automated A G A informatton !
transfer

Mutonated conformance check
Human monitoring of automated
processes, human override

Remote radar/%eacon sensors
Broadband radar display(s)
Flight strip tabular display
Sector strip printer

VHF /UHF voice radio
Telephone, intercom
(intrasystem communications)
Central computer complex
(21ight strip processing)

Radar/beacon tracking

Data filter group
Alphanumeric group

Central computer (configured

for automatic track, alphanumeric
tag, and flight plan correlation)

Plan view display

Computer readout device
Controller-computer interface:
slew ball, display filter keys,
category/?unction selection,
alphanumeric keyboard, quick-
action keys

Level II hardware, and computer

configured for

= Metering, sequencing, and
spacing

- Conflict detection/}esolution

~ Path surveillance

Two-way A‘b/k data link: (})

discrete address beacon or (2)

VHF data link

Airborne RNAV capabilities

Automatic airborne flight

management

Afrborne separation assurance

Airborne stationkeeping

(Basically same as Level 111)
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4 tracking and flight data processing capability. This equipment is being
deployed at all domestic enroute control centers and selected terminal
facilities; implementation is scheduled for completion before 1975. Des-
: pite the automatic features, system operation and control are very simi-
? , lar to those associated with Level I. The human controller retains full
§ § responsibility for making and implementing ATC decisions, though the

; ’ computer provides assistance in the organization and presentation of

4 information (by mechanizing functions such as radar tracking, handoif

3 procedures, and flight plan updating and revisions).

SRR Ny
-

3 3. Level I11: Computer—~Aided Decision Processes

At this level of automation, the computer develops action recom-=
mendations to aid the human controller in formulating decisions, but
the controller retains full responsibility for making and implementing
each ATC decision. Level III operations reflect a transitional period
] in which controllers are learning to depend increasingly on computer-
3 generated information in making their decisions. The attainable flow
rate is expected to be a function of the controller's confidence in the
effectiveness and reliability of the automated system, and of his ability
to detect and cope with abnormal or emergency situations.
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For investigating the implications of Level III automation over a
broad set of ATC events, we assume a Level III system configuration using
upgraded 3rd generation ATC system (post-1980) hardware and software, as
shown in Table B-1.* Although the computer generates recommendations for
3 action, the controller must review and approve each ground-to-air data ‘
1link message before transmission. He may transmit override instructions,
when needed, either through the data link or by voice. Two alternative
override modes are po.tulated. In one, the controller must take positive
action to transmit a computer-formatted message to an aircraft. In the
other, the computer-formatted message will be automatically sent to an
aircraft, after a specified review interval, unless the controller takes
positive action to inhibit its transmission,
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Specific Level III functions do not necessarily require upgraded 3rd
generation equipment. For example, the terminal area metering,
sequencing, and spacing program is being implemented essentially with
ARTS 1II hardware.
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We further make the following operational assumptions:

¢ Level III automation will be limited to airspace with high-
density traffic--either en route or terminal. (This as-
sumption implies a high degree of organization in the routing
and scheduling of traffic.)

®* All aircraft operating in Level III airspace will bhe
under positive control or surveillance by the ATC facil~
ity responsible for that airspace. In those portions of
Level III airspace where VFR operations are allowed, VFR
aircraft will operate under "intermittent positive control"
to avoid penetration of high-density airways or other
restricted airspace, and to avoid conflict with IFR traffic.
By definition, "pop-ups" are not allowed. (These assumptions
imply that Level III is based on cooperation of the aircraft
involved, both in the acquisition and exchange of information,
and in the execution of required flight path maneuvers.
There remain to be studied implications imposed by unco-

operative aircraft, e.g., the intentional intruder or the
disabled aircraft).

e All aircraft carry two-way data link with discrete address
(DABS or universal air-ground digital communications system).

¢ All aircraft have three~dimensional (3D) RNAV capability.
(This assumption implies the ability of aircraft to track
specified three-dimensional flight paths; it implies the
usc of closcly spaced parallel tracks and bypass procedures.)

¢ Some aircraft have airborne RNAV computer with stored flight
plan capability. (This assumption implies the ability of
certain aircraft to accept a clearance containing a complex
routing and to track that path effectively.)

* Somc aircraft have four-dimensional (4D) RNAV capability,

(This assumptlion implics the ability of certain aircraft to
adhere to a specified arrival schedule at designated waypoints;
it also implicvs that ATC delegates responsibility for control
of arrival time to appropriately equipped aircraft, and will
not be responsible for transmitting vector and speed instruc-
tions to control that time.)

¢ Allowable scctor operation rates will be coordinated with
both local and central flow control functious,
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4, Level IV: Computer-Generated Action Selection

Level IV reflects a fully automated ATC process, accompanied by
a comparable level of automation in airborne £flight path management and
separation assurance functions. Conflict~free clearances {over some
specified look-ahead time) and control instructions are generated in the
computer and can be transmitted to the aircraft automatically without
controller approval of individual messages.

Although Level IV automation could be implemented with the same
type of hardware assumed for Level III operations,* the nature of the
human controller's responsibilities is drastically changed. The con=-
troller acts as a system supervisor. He monitors the effectiveness of
the computer-controlled process. He intervenes as necessary to make
corrections in the process, by modifying ATC system parameters or
operational data, or by overriding specific computer—-generated actions,
He may be called on to cope with situations that are not explicitly
treated by the computer, or to deal with real-time revisions in flight
plan necessitated by weather, aircraft malfunctions, or pilot requests,
He may be alerted to situations requiring his intervention by the com-
puter; alternatively, he may have to decide when his intervention is
needed.

We assume thauv controller operational practices will be strongly
dependent on the policies under which the ATC system is operated, and
on the demonstrated integrity of the ATC system (in terms of equipment
reliability, and equipment and procedural backup to cope with hardware
or software failures). We believe the policy issues to be significant
in interpreting the way in which judgmental factors will influence the
allowable operations rate, or the size of jurisdiction to be controlled
by a single control team. For example, to what degree will the controller
in a Level IV system be held responsible for monitoring the movements of
individual aircraft? To what degree is responsibility for air-to-air
separation of individually controlled aircraft delegated to pilots (as

in VFR), assuming employment of suitable air-derived separation assurance
devices?

As no”*ed under Level III, we assume that the transition between Levels
ITI and IV will be a continuing process and that controllers will feel

Level IV automation could be implemented under even more advanced
systems and cquipment concepts, such as thosce being identified in
the TSC "advanced generation air traffic management" studies,
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able to operaie in a Level IV mode only when they have developed suf-
ficient confidence in the effectiveness and integrity of the system,

and in their ability to undertake emergency duties consistent with their
defined responsibilities. (At this time, we cannot estimate the duration
of this transition period with confidence, except to say that it will
cover many years, and will depend, in large measure, on the statutory
responsibilities imposed on the agency-—-and the individuals—-~operating
the ATC system.) It is likely that Level IV operations will first be
applied in specific functional areas, such as the automatic transmission
of traffic advisories to VFR aircraft, or to automatic metering, sequenc-
ing, and spacing control in selected terminal areas. Level IV opcra-

tions may then be extended to other system functions in an evolutionary
manner,

It may not be desirable or feasihle to provide Level IV automrtion
service throughout all airspace in a given geographical area., Conse-
quently, Level IV service might be provided within airspace with inten-
sive and organized traffic activity, while lesser levels of automation
{(and a higher degree of controller involvement in the movements of
individual aircraft) are provided in portions of the airspace where
flow is less intense and not highly organized, and where the greater
flexibility afforded by human decision-making is advantageous.

5. Impact of Automation on ATC Functions and Controller Decisions

a. Introduction

The methodology for estimating sector relative capacity as a
function of ATC automation level is discussed in Appendix C. This
appendix deals with the first step in the process-~the translation of an
operational system description into terms that can be used as inputs
for a quantitative analysis of relative capacity.
operating procedures employed in tl. present day Level I system are
identified. Changes in control concepts and operating procedures associ~-
ated with automation levels II, III, and IV are postulated, and a qual-
itative assessment is made of the impact of the resulting system organi-
zation on controller functions and decision-making activities.

Control concepts and

b, Methodology

1l:e description of the Level 1 system is based on observations
at selected ARTCC and terminal control facilities, on review of documents
of operational doctrine, and ou discussions with FA\ operational and
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technical personnel. The descriptions of the Level II, III, and IV
systems are based on available literature on various ATC automation
programs;l'le* information gathered in discussions with FAA operational
and technical personnel, both at field facilities and at FAA headquarters;
on observations at selected facilities with functioning automation fea-
tures; and by liberal amounts of SRI speculation on Level III and Level
IV system operations, To date we have been unable to secure documenta-
tion on the advanced generation air traffic management ('fourth genera-
tion ATC") concepts that are being developed under Transportation Systems
Center cognizance during the course of the study, Further, documentation
available to us on the upgraded third generation ssstem did not deal
explicitly with controller functions, Consequently, assumptions re-
garding possible controller activities for Level III and IV systems are
based on SRI's best judgment at this time; these assumptions are sub-
ject to modification as investigations proceed and additional information
is received.

[EPRELEEF AL SIS A S

In section ¢ below we present the results of our preliminary
findings regarding the impact of automation on ATC functions and con-
troller decisions for the four automation levels summarized earlier,
The material is organized as follows,

PRIV RP Y S A EE R PO S WS NIPROTIR PP LA 200 P9

For the Level I system, a number of discrete ATC functions and
events were identified. These are: handoff or control transfer, "point-
out" or coordination, conflict detection and resolution, traffic struc-
turing, clearance generation and modification, surveillance, and workload
management, For each of these functions, a set of controller decisions
is identified, along with the information the controller must use to
make these decisions, and the means by which he disseminates the results
of his decisions, A tabular summary of this information is shown in
Table B-2, along with notes that indicate the decision aids and mnemonic
devices used in Level I, The information on each of the ATC functions
is followed by remarks concerning items such as decision consequences,
effects of failures, controller responsibilities and degree to which
such responsibility is shared with other controllers, with supervisors,
and with pilots,
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The effects of introducing the automation features associated
with Level II, III, and IV systems on ATC functions and controller de-
cisions were then explored. The first step in this process was to con-
struct a set of tables for each automation level that reflected the

TR RN ILE T TN

References are listed at the end of this appendix,
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changes in controller decisions, information sources, decision dissemi-

nation, decision aids and mnemonic devices, and decision consequences

brought about by the higher levels of automation.
tained in these tables was then subjected to the following questions on

automation impact.

(1)
(2)
(3)
4)

(5)

(6)

Is the function still performed?
Are the same decisions needed?

Are different decisions needed?

Are new tasks added to accomplish the function or to
make required decisions?

Does automation change:

The type of information provided to the
controllier?

The time when the controller is made aware
of the need for a decision?

The quality of information provided to the
controller?

The presentation or display of information
provided to the controller?

Does automation change:

[ ]

The time required to make a decision?

The time when the controller is made aware
of the need for a decision?

The time when a decision may be made?

(7) How is the decision or function affected by:

Procedural changes applicable to the automation
level under consideration?

The degree to which responsibility for aircraft
separation is vested in the control.er?

The degree to which responsibility for separation
is distributed within the ATC system

~ Between controllers

=~ Between controllers and machines.
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ATC EVENTS AND CONTROLLER DECISIONS (LEVEL 1 SYSTEN)

Table B-2

ATC Event

Controller Decisions

Information Requiremenits sand Sources

Alrcraft
Location and
Beacon Code

(radar)

Alrersft
Report
(pilot)

Traffic

Aircraft Intent

Clearance
Modification
snd Control

ATC
Infor-

Situa-~
tion
(radar)

Flight
Strips

Pilot
Service
Request

aation
(other
sectors)

Instructions
(to pilot via
G/A radio)

Handoff

Locate and identify
aircraft

Negotiate handof?
conditions

Accept responsibility
Transfer control

Pointout or
coordination

Locate and identify
aircraft

Assume responsibility
for protection

Request coordination

Block request

Assume responsibility
for protection within
blocked nirspace

resolution

Contlict detection/

Detect conflict

Select control action

Traffic structuring

Establish plan
(sequence, spacing,
speed)

Select control actions
and timing

Clearance generg-
tion (including
anendments and
modifications)

Probe potential
conflicts

Develop conflict-
free clearance

Surveillance

Detect potential
hazard

Tranrmit corrective
instructions, 1if
requested

Workload management

Establish priorities

Delegate responsibili-
ties (reroute,
coordinate)

Request flow or
spacing restrictions

Request help (add
staff, cut load)

Legend:

X ~ primary interactions
O -~ 83 needed

Note: »
Level 1 systen decision aids and
Flight strips on tabular displi
Target markers ("shrimp boats"3
Beacon IDENT to facilitate tar|
Video map to display selected
Beacon code seloction to displ
Grease poencils for marking sp
Weather clutter on radar as ¢

Change of A/G/A communication frequency is indication to pilot
of control transfer in Level 1 system,
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Table B-2

RVENTS AND CONTROLLER DECISIONS (LEVEL ! SYSTEM)
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Requirements and Sources

Decision Information and Dissemination

: Clearance
sl ATC Modification | Advisory ATC Request Request
. | Traffic | Adircraft Intent | Infor- and Control |[Information Control Service Assistance
It | Bitua~- Pilot | mation | Instructions | (to pilot Information | (other | (supervisors Exchange
| tion Flight | Service | (other | (to pilot via via (to ATC ATC and Information
| (radar) | Strips | Request | sectors) | G/A raiio) G/A radio) sectors) sectors) | coordinators) (ATC)
4 X X
+3
3 0
5 X
: X X o X X X X 0
-
Y
g X X
4 X X
4 X 0 X X
b
X X X
3 X 0 o
: X X ) X o 0
f
3 X o ] ]
X X 0 ]
X X [4) X o X 0 o
1 0 [ 0 [ X (4}
: o o 0 0 X 0 0 o
3 X X o X [+] (o]
3 be ) X 0 X X °
3 X X N X X
3
1 X o X X X
4
% Note:

o

Level 1 system decision sids and mnesmonic devices:
Flight strips on tabular display (planning, intent).
Target markers ("shrimp boats” or "pucks") in ARTCCs to aid memory in radar tracking,

=
q

Beacon IDENT to facilitate target identification,

Video map to display selected routes, fixes, landmarks.
Beacon code selection to display selected targets.

Grease pencils for marking special dats on scope faces,
Weather clutter on radar as cue to detecting weather hazard (limited value),
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¢ The degree to which responsibility for separa-
tion between aircraft is delegated to aircraft
crevs.

* The degree of airborne control, navigation, and
guidance capabilities.

(8) Does autcmation allow the controller:

* To make more decisions in a given time?

¢ To reduce the number of decisions needed to
move a given level of traffic?

F * To increase the portion of his time available

3 : for decision-making?

3 }

3 ; * To handle more aircraft simultaneously?

3 i * To provide service over a larger block of airspace?
2 !

3 .

To reduce the minimum spacing used to separate
1 aircraft?

- Ly P

The results of these questions are tabulated in the section i
¢ below. Table B-3 presents a summary of this information.

T

Results |

e AR D T
-

The results of the investigations on the impact of automation
on ATC functions and controller decisions are presented in Tables B-4
through B~7.
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- Table B-3
]

;,, INPACT OF AUTOMATION ON ATC FUNCTIONS AND OONTROLLER DECISIONS

G Impact Arcas

; Difforent or information ]

X Functions and Events Function Sane Additional to Decision

. and Associated Still Decisions Decisions New Tasks Controller Tiaing

3 Controller Decisions Performed? Needod? Needed? Added Changed? C| Y4
4 (referenced to Level 1) ntfarefave Py Togngay Jox Jropdav Jon Joog v Jon Toafav Tan o iy

Handoff or control transfcr
Locate and identify aircraft
Negotiate handoff conditions - 1] + - X X o Q X /] o
Accept responsibility
Transfer control

TN IR

e

Pointout or coordination

H
; : Locate and identify aircraft
. ¢ Assune responsibility for I x*ix}t-1-1x}]-]l-}txJolo|x]ojofol-|-1]-
s ! protection
. 4 Request coordination
f
H
: t Conflict detection and reuolunon‘
o i Detect conflfct
i Select and implement ~Joyxt-Jofsf-Jo]x] “fo|x|o]sn|nie]o]x
% § control action
3 i
':s, H Traffic structuring
3 i Establish plan cJojx|-jolxl-~]Jo|lx]~-lo]lxjolv]xlo]lol}x
. Select control actions
o .
? ' Clcarance generation
" , Probe potenttal conflicts H
: f Develop conflict=free - 4] X -~ o X - o \ 0 (] X o X by - [\] A
3 i clearance
. : Surveillance
;’ : Detect potential hazard
9 4 Transmit correctisve - L] Y - (4 \ o o X 4] 0 A (] \ hY V] c \
3 ! instructions, 1{ required '
t :
; H Workload management
). f Establish prioritics
é i Delegate responsibilitics - -~ fo - -lo|] «-Jojoj-]lofol-lo]lc|l-]lo]o
2 Request flos or gpacing
2 ¢ restrictions
3 : Request help
% .
, ’
b ‘ legond: - LEssentially same as Level |
. ¥ 0 Stmilar to level I, but substantially modified,
3 ' X Lxtenstvely aifferent from Level 1.
e !
> *
3 Autemation tevel,
4+
R Depaurds on degree 10 which controller 1s respensihic for movements of andividaal anzceraft,
3
H R
R Meoed for voordination function will e determaned by airspace structure and assicunent of confiol jurisdiction to ATC
scciors, U coordination 1s needed, 19 will 9 acconplished 1n a manner similar to Jevel B ‘
¢
Contre (o™ has option of xelecting path or route prediction display, A
B
e -
Basicully o ¢ snue in dectsion timing, but some changes posaible depending on wav controller unes specd readout (ARTS K
caviropment ot path st roste prediction data (MMS), 'f
3
E
k|
El
.
b
1
M
. 3
g
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Table B-4

ATC INFORMATION FLOW AND DECISTON CONSEQUENCES (LEVEL I SYSTEM)

(a)

ATC Event:

Handoff or Control Transfer

Controller Decisions

Information Needed and Sources

Decision Dissemination
Informetion

Locate and identity aircraft

Negotiate handoff

Accept responsibility

Transfer control

Aircraft locatiun aund track di-
rection (radar display, other
ATC sectors--voice message or
physical gesture)

Alrcraft location and track di-
rection (radar display)

Traffic situation
(radar display)

Alircraft intent: plans of po~
tentially conflicting traffic
(flight strips, other ATC
scetors)~-voice message

Flight plans or intent of po-
tentially conflicting traffic
(other ATC sectors)

Current traffic rituation
(radar display)

Anticipated short-term work-
load (f1ight gtrips, other
sectors, coordinators,
supervisors)

Aircraft location (radar
display)

Altitude (pilct report via A/h
radio)

Intent (flight strip, pilot
request--when applicable)

Acknowledge "radar contact” by
voice message to transferring
sector.

With transferring i:ector, jointly
establish action . ensure se-
paration.

Agree on contro) restrictions
with transferring sector (voice
messages),

Assume responsibility by veri-
tying "my control" with ap~
plicable restrictions. (Voice
message to transferring sector.)

Refuse responsibility by advising
transferring sector by voice
message, or by advising co-
ordinator or supervisor when
flow restrictions are required.

v doff data:
Aircraft identity, location,
intent, to receiving sector
(voice message, physical ges-
ture, transfer of flight strips)
Transf{er com:unications
(voice mezsage to pilot via G/h
radio).
Transmit beacon code instructions
(to pilot via G/A radio).
Beacon code management proce-
dures vary considerably among
facilities.

Notes regurding consequences, failures and degree of joint responsibility, and general comments:

ferring sector.

If responsibility is not accepted, delay and additional workload will result at trans-

I; cesponsibility is accepted with potential conflict, recciving sector must resolve

conflict within available time; otherwise hazardous situation may result.

(Handof £

negotiation process is intended to ensure that scparation iy established between air-
craft with potential conflicts, and to verify aircraft shor.-term intent.)

Rece!7ing sector assumes responsibjlity for workload management.
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Table E-4 (continued)

() ATC Event: Handoff or Countrol "ransfer (concluded)

Misidentification could lead to faulty control decisions with possibly hazardous results.

Misidentification might occur at initial radar contact or subsequently if controller
attention is distracted.

Misunderstanding of restrictions, or failure to comply with specified restrictions, could
lead to faulty control decisions and possibly result in hazardous situation.

Failure to request help could lead to overload situations, might result in dectisions that

impose user penalty, propagate additional workload, or create difficult or hazardous
control situation.

Identification and beacon code assignment procedures vary considerably among facilities.

Early handoff can be used to reduce own sector workload, allow next sector more time to
formulate plans.

Failure to respond in timely fashion to initial aircraft call-in could induce additional
communications load on transferring sector.
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Table B-4 (continued)

(b) ATC Event: Pointout or Coordination

Controller Decigions Information Needed and Sources Information

Locate and identify aircraft| Location, altitude, and track (In ARTCC) Place "shrimp boat"

Assume responsibility for Current auad anticipated traffic | Assume responsibility by veri-
protection situation (radar display and tying "pointout obscrved” or
flight strips) equivalent statement (voice

Intentions of aircraft to be message to sector in control),

Request

Decision Dissemination

direction of aircraft to be with aircraft altitude status
protected (radar display and on radar target display.
information from sector in
control~-voice message)

protected (sector in control)
Updated information on other

potentially conflicting

traffic (other ATC sectors)

coordination Asrcraft location and altitude |Request protection by indicating]
(radar display and pilot aircraft location, altitude,
report’ intentions, and other required
Aircraft intent (flight plan information (voice message
or pilot service request) between sectors),

Notes regarding consequences, failures, and degree of joint responsibility, and general comments:

Acceptance of "pointoui” (coordination target) implies joint responsibility for
aircraft cperations within specified airspace. Sector assumes responsibility for
protecting "pointout” from other aircraft under control. Clear indication of

pilot intent and positive separation should be established before poin-ont is
accepted.

Assumption of responsibility without direct communications could result in delays
in required control ac’ilons leading to difficult or potentially hazardous situations.

Coordination is practiced when two controllers share responsibility for a final
approach path. Each controller is responsible for controlling his own aircraft
and protecting the aircraft under the jurisdiction of the other controller,

Coordination may be used to manage workload level [see Table B-4(g)}.

Two types of coordination procedures are noted. In the first type, (termed “point-
out") two sectors negotiate directly with cach other concerning movements and control
of aircraft of mutual significance. As a result of this process, one sector may
retain communications with an aircraft while that aircraft traverses airspace under

the jurisdiction of the other. This is the type of coordination considered in the
tables.

In the second type, an external position, aesignated a "coordlnutor," assists in the
transfer of control between one sector and another, modifies control (aircraft spacing,
specd, traffic patterns) as required by local conditions, facilitates modificution

of control with adjacent facilities, and participates in the exchange of required

ATC, facility status, and weather information. The coordinator performs cwecisjon~
making duties above and beyond thnose performed by the radar controller, This type

of coordination is to be further investigated in additional data collection efforts.
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Controller Decisions

Table B-4 (continued)

(c) ATC Event:

Conflict Detection and Resolution

Detect conflict

Select and implement
control action

Information Needed and Sources

o

Traffic situation (radar
display)

Alrcraft altitude (pilot
report, as needed)

Aircraft intent and flight
progress (flight strips)

Estimates and revisions (other
ATC sectors, as nceded)

Traftic situation (radar

displs

Alrcratt altitude, heading,
speed (as needed, from

pilot report)

Afrcraft intent (flight

strips)

Coordination information

(other sectors, as needed)

‘Transmit clearance modification duta,

Decision Dissemination Information

Advisory information on potential

conflicts-=to pilot via G/k radio,
as needed.

Modify clearances or issue control in-
structions (speed, heading change) to
pilot via G/h radio.

Traffic advisory information--to pilot,
as needed.

as needed-~to other ATC sectors via
interphone,

Notes regarding consequences, failures, and degree of joint responsibility, and general comments:

Conflict Detection.

Failure to detect conflict in time could restrict choice of
conxrol actions, require belder actions later, or could result in hazardous situation.

Conflict Resolution Action Selection: Choice of control action could induce user

operationul penalty (delay, interruption to flight profile, adied distance, extra
maneuvering) or degrade ATC system performance (restrict flow, cause delay or con-
gestion, require rerouting or flight plan nodification, create added workload.

Delay in selecting or implementing action could require more intrusive control action
later, run the risk of distracted attention, or result in peak workload requirements.

o AT
e X 2

34

. -

s s el e £¥epat S LR T

e ddaRsi

FRRI TR

PP RN

O T e

J e T ]




e w w e oeT - - DERTR NN A5y . R A A T S o S PO SR Lo B

JaLhL g hh s bl s

Table B-4 (continued)

(d) ATC Event: Traffic Structuring-~Merging, Sequencing, and Spacing

stated, voice message or ges=
ture, or inferred from radar
i display and based on control
H team experience)

i Flow Organization--Merging, Sequencing, Spacing, Speed, Altitude, and §
f Routing Control 4
: Information Requirements §
. ‘ Controller Decisions and Sources Decision Dissemination Information :
F Establish plan and Aircraft location, altitude, Decisions are developed by comtrol- K
3 i control requirements: track, and speed (radar ler, but are manifested only when . E
E ¢ display plus pilot reports as control actions are communicated. i :
- s sequence, paths, inter-| needed)
E i aircraft spacing, Traffic situation (radar display) ’
- ! speeds, altitude ob- Aircraft intent (flight strips :
{ Jectives and restric- plus pilot reports, as needed) !
g ‘ tions Control objectives of related !
- § ATC sectors: spacing, opeeds, :
E % and sequence (explicitly H
1

APUPTOR I T FPICIPWOR LT N5 QP

Select and execute Aircraft location, track (radar | Transmit clearance modification or H é
control actions to display) control instructions to piloat ! j
implement plan Aircraft altitude, speed, (via G/A radio). ; 3

heading (as needed from pilot | Transmit ATC clearance amendment { é
reports) data, or applicable control j
Traffic situation-=relative air- information (vector, speed, §
craft positions, trends (radar altitude) to other sectors, as K
display) needed. i

o

JOSE

Notes regarding consegucnces, failures, and degree of joint responsibility, and general comments:

¢ Planning procedure can requirr judgment; e.g., clustering of aircraft by speed class,
imposition of delay or penalty to one aircraft to expedite movement and flow of
other traffic.

PRRTEN PPTC TR

Faulty plan can result in inefficient utilization of airspace--restrictions in

attainable flow rate, imposition of delay, propagation of congestion, E ?
E E
¢ Performance depends on two things: the quality of the plan and the quality of 2 j
the execution; e.g., irregular spacing intervals can degrade flow rate and complicate 4 1
next sector workload. % 4

£
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¢ ' Table B~4 (continued) j
7
p
(e) ATC Event: Clearance Generation, Amendment, and Modification A
1
¢
Information Requirements ; %
Controller Decisions and Sources Decision Dissemination Information | '
]
F Probe for potential con- | Aircraft flight plans and up- Pecisions are manifested through j
4 flicts dated flight progress data the transmittal of a clearance. %
(fiight strips mounted on 3
; f1ight progress board; revi~- b
E sions from other ATC sectors)
3

Traffic situation (relative air-
craft position and trends--~
racar display)

Generate anc¢ transmit

K]
Traffic load on planned route Clearance message (clearance i
clearance (f1ight strips) limit, cleared route, assigned 4
Last assigned departure time, altitude, applicable restric~ i
if appropriate (flight strips) tions, communications and P
: Deleys and ATC workload for beacon code instructions) to g
' alternative routes, as needed pilot via G/A radio. -
3 ' (coordination by voice with Clearance data to other sectors é
other scctors) (via sector strip printer or ﬂ
¥ i Pilot prererences re: alter- voice messages where appro- §
Iy native routes and altitudes priate). 2
; (via A/G/A radio} i
b Traffic situation (radar display) :
3 Notes regarding consequences, failures, and degree of joint responsibility, and general comments: %
* See Table B-4 (d) for comments regarding planning procedures and execution.
¢ Approval of pilot service requests should be coordinated with adjacent (or down-
stream) sectors to ensure that decision does not interfere with or adversely

affect existing traffic control plans.
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Table B-4 (continued)

(f) ATC Event: Surveillance

CTIFIIERT SIS U, Y RO T A R SRR Y

LR ot ae Sl

e e oAt e bt~ -

Controller Decisions

Information Requirements
and Sources

Decision Dissemination Information

Detect potential hazard
Tlight plan deviation
Track deviation
Altitude deviation
Schedule deviation
Penetrate restricted
airspace
Other hazards
Weather (icing,
turbulence)
VFR traffic

Formulate and transmit
corrective action (1f
requested by pilot)

Aircratt location and track--
radar display.

VFR traffic: relative location
and velocities--radar display.
[{There is no means for controller

to sense altitude deviation in

Level I sy tem., There is no

requirement for conformance to

schedule estimate under positive
radar control in Level I system,]

Pilot reports on weather hazards
(A/G radio).

Weather clutter indications
(radar display), ([Controller
has no reliable means to sense
turbulence and icing hazards
in Level I system.]

*

Pilot request for corrective
action (A/G radio).

Knowledge of aircraft operating
and performance characteristics
(prior experience).

Weather hazards on potential al-
ternative paths (radar display
and pilot reports, as applicable),

Tranamit advisory message to pilot
(G/k radio), covering traffic
data, deviation advisory,
weather hazard advisory.

Transmit corrective instructions
to pilot (via G/A radio)
alternative altitude, alter-
native route, alternative
heading, and deviation at
pilot's discretion.

Forward clearance modification
and advisory data as needed
to other sectors.

Notes regarding counsequences, failures, and degree of joint responsibility, and general comments:

* Routine surveillance is given lower priority than services requiring separation

between two controlled aircraft.

Deviation (from track) is usually not closely

monitored unless the aircraft is a traffic factor for other aircraft or is likely
to penetrate restricted airspace.

¢ The pilot is responsible for navigating the aircraft in accordance with an accepted

clearance.

¢ Under nonradar conditions, the pilot is responsible for reporting deviations in
estimated flight plan fix times greater than *3 minutes, or true airspeed deviations
greater than :t10 knots,

e Under present rules, ATC responsibility is limited to detecting and advising the
pilot of hazards (workload permitting) unless the pilot requests further assistance.

Square brackets, | ], indicate comments by authors.
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Table B~4 (continued)

(g) ATC Evcat: Workload Manragement o

Information Requirements
Decision Dissemination Information :

Controller Decisions and Sources
¥
Establish priorities Traffic situations, with urgeney No discrete indication of priority . Q
for attention rating (radar display) decisions made by controller. 3
Piiot reports, particularly if Priorities can be inferred by ob- }
an emergency or urgent situation serving (1) control actions 5
is indicated--e.g., aircraft taken by controller (transmitted b
malfunction (A/G radio, or re- to pilot or other ATC sectors) 7
layed from one ATC sector to and (2) tasks deleted or cur- ?
next) tailed by controller (e.g., VFR 2
Estimates of aircraft and pilot traffic advisories). %
performance (a priori knowledge Priority decisions can be veri- %
based on experience) fied in follow-up discussions §
with controller, %
Delegate responsibility Traffic situation--current workload | Early handoff may be used as a :
Early handoff and workload complexity (radar means of managing workload, ' A
Rerouting display) Arranged by joint agreement ' 4
Coovdination Anticipated future short-term work- between affected sectors, ([Sec ;
load (flight strips, flight Table B-4(a) for specific 5
progress board, other sectors procedures,] f
via interphone) Rerouting decision may be made §
Traffic situation on alternative either by direct agreement ﬁ
routes and workload situation in between affected sectors, or 3
through ccordinator or super-

associated sectors (via inter-
phone with other ATC sectors or
through coordinaxor or
supervisor)

Aircraft intentions (flight strips,
pilot requests, other ATC sec~
tors)

Pilot approval of proposcd flight
plan changes

visor (assumes pilot acceptance ;
of route reassignment), Re- i
routing manifested by clearance
modification (transmitted to
pilot) and flight plan ch. e
(forwarded to ATC sector: 1a
interphone and flight strips).

Coordination decisions are
usually developed by joint
agreenment between two affected
sectors (direct verbal or

i interphone). [Sce Table B-4(b)

! for procedures and information.]

F S T T o) XA AL I Py 4 R D

Refuse entry of additional air-
craft to other sectors--direct
or via interphone.

Request speed and/or intrail
spacing restrictions (to other
sectors via coordinator, super-
visor, or local flow control;
dircct or by interphones).

Traffic situation--current work-
load (radar display)

System and facility status,
weather data (notes, interphone,
overhead display)

Anticipated short-term future work-
load (flight strips, flight
progress board, supervisors,
other scctors via interphone)

Reguest flow
restrictions

M PN Conge ity D)

|
|
!
|
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(g) ATC Event:

Table B~4 (continued)

T I TV T IR RS R LT

T TR ,
T AR gﬁ»f’l»255:3‘“?‘.1’.’15’51? ToTO,

Workload Management (concluded)

Controller Decisions

Information Requirements
and Sources

Decision Dissemination Information

Request help
Add staff
Cut load

Traffic situation--current workload
(radar display)

System and facility status, weather
data (notes, interphone, overhead
display)

Anticipated short-term future work-
load (flight strips, flight
progress board, supervisors,
other sectors via interphone)

Controller requests assistance
from supervisor (direct or by
interphone).

Supervisors make decision to add
staff (handoff, data positions)
or to cut load (e.g., divide
gector) to cope with sustained
high tratfic.

Coordinator may provide temporary
assistance to deal with short-
term burst of traffic.

Notes regarding consequences, failures, and degree of joint responsibility, and general comments:

* VWorkload management is probably the most individual and subjective element in assessing

human and decision~making limitations on capacity.

The human operator probably is in

the best position to judge whether he can sssume more load, but may be reluctant to
admit he cannot because of professional pride,

* One of the most significunt decisions that can be made by a human controller is deciding
when help is neceded.

* Joint Responsibility:

A key issue is the degree to which supervisory personnel are

monitoring and anticipating load buildup so that route assignment and sector manning and
configuration are adequate to cope with demand,

e Sectorization and manning practices differ considerably among facilities.

¢ Coordination can be used as a technique to reduce sector workload (e.g., for an aircraft
likely to be in sector for only a brief period, well scparated from other controlled
traffic, and not interfering with normal sector flow patterns.

bbb S el oy
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Table B-~5§

IMPACT OF AUTOMATION ON ATC FUNCTICNS AND CONTROLLER DECISIONS (LEVEL I1 SYSTEM)

(a) ATC Function or Event: Handoff or Control Transfer

T e R P R T R T A L T ST Y AT R

(referenced to Level 1),

1s function still performed?
Are same decisions needed?

Are different or additional

Are changes in information

provided to controller?

1s decision timing changed?

decisions are sensitive,

Jualitative assessment of

Accept responsibility.

Identify aircraft.

Coordinate control restrictions and flight path intent,
Transfer control.

Yes.
Yes,

Is additional data entry needed to establish tracking?

Confirm Mode C readout (as needed).

Is target ready for handoff?

How much data should be displayed for aircraft under
control?

Acknowledge receipt of handoff,

Nondiscrete target, not already tracked, enter aircraft
identification and associate with target.

Search for arriving "silent~handoff” targets.

Tabular presentation of displayed codes, arriving traffic,

Synthetic target symbol,

Alphanumeric tag and ascociated data: clearance altitude

(used in ARTCC), altitude, speed (used in TRACONs); (new
information, better resolution and presentation).

Indication of working position control responsibility.

No reduction is anticipated in decision timing,

Possible delay in time controller is aware of arriving
handoff because of need to acquire visually blinking
target.

Limit on time by which handoff must be acknowledged.

Number of entry points,

Consistency of handoff location,

Anticipation (repetitive traffic, arrival list).

Route structure, track assignment,

Variations in local practice (sector manning, beacon code
change, identification),

Reliability of Mode C (altitude) indication,

Some reduction in internal communications related to trans-
fer of aircraft identity or location,

No chunge with regard to planning and coordination deci-
sions (unless accounted for by track assignment),

Some increase in workload when data entry is required,

1, Associated decisions
2.
3.
4.
decisions needed?
i
H
5
i 5. Are new tasks added?
i
! 6.
|
i
i
: 7.
]
i 8. Other factors to which
!
!
19,
! automation effects,
+
]
o N o i
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(b) ATC Function or Event:

Table B-5 (coatinued)

Pointout or Coordination

1

2.

3.

4.

5,

8,

Associated decisions
(reterenced to Level 1),

Is function still performed?
Are same decisions needed?

Are different or additional
decisions needed?

Are new tasks added?

Are changes in information
provided to controller?

Is decision timing changed?

Other fac*ors to which
decisions are sensitive.

Qualitative assessment of
automation effects.

Observe and establish pointour,
Coordinate flight path intent.
Negotiate control restrictions,

Yes.

Yes.

No.

No.

Pointout target can be forced on console display together
with indication of control responsibility.

Target identity and a’titude.

Imprcved resolution.,

Availability of flight strip (local variation).

No significant effect in pointout decisions:
¢ Pointout acquisition

¢ Coordination of flight path intent and operating
restrictions.

Instantaneous count; spatial distribution and intentions
of traffic within sector,

No change with regard to planning and coordination
decisgions,

- - .__,i. itk Lo
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(¢) ATC ¥unction or Event:

Table B-5§ (continued)

Conflict Detection and Resolution

1. Associated decisions
(referenced to Level 1),

2, Is function still performed?

3, Are same decisious needed?

4, Are different or additional
decisions needed?

5. Are new tasks added?
6. Are changes in information

provided to controller?

7. 1s decision timing changed?

8. Other factors to which
decisions are sensitive,

8. Q:alitative assessment of
automation effects,

Detect conflict.
Select appropriate control action and time to act,
Determine when situation is resolved,

Yes.

Yes.

Is additional information needed to detect potential
conflict?

Select (as needed) appropriate functions to display path
or route prediction (NAS).

Improve. resolution,
Altitude and speed (used in TRACONs).

Path or route prediction (NAS) up to eight minutes look-
ahvad),

Updated fix estimates,
¢ No change in the time a controller becomes aware of po-
tentlal crossing conflict (bagsed on plan view display).
Possible change in time controller may sense overtake
conflict (if speed readout is available),

No change in time controller may make a decision (en-
route controller may resolve conflict well in advance
of look-ahead period provided in prediction display).

Updated fix postings moy provide early indication of
potertial conflict,

System parameiers (look-ahead time).

False alarm incidence with considerable look ahead.

Workload level (umber of aircraft under control, route and
altitude distribution).

Separation standards {the use of digital symbols changes
the allowable spacing between targets) (NAS).

Track assignment may preclude conflict (RNAV airborne

capability).

Reliance on digital position and Mode C altitude.

No change anticipated in timing of control actions to
resolve cornflicts.

Some reduction in voice communications required to acquire
altitude data for vertical separation,

Allowable separation between targets changes when digital
target is used (as contrasted with beacon target) (Nas).
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(d) ATC Function or Event

Table B-5 (continued)

Traffic Structuring--Merging, Sequencing, and Spacing

[

NS

1. Associated decisions Establish sequence,
(referenced to Level 1), Plan spacing relations,
Plan speed management.
Select control actions and time to act,
2. Is function still performed? | Yes.
»
' 3. Are same decisions needed? Yes.
; 4, Are different or additional
H decisions needed? No.
}
§ 5. Are new tasks added? No.
i3
; 6. Are changes in information Improved resolution.
: provided to controller? Altitude and speed (used in TRACONs).
’ Updated fix estimates.
. 7. 1s decision timing changed? Possible change in time controller may sense overtake if
! speed readout. is cvailable.(Controllers use change in
. relative separation in Level I system,)
8. Other factors to which Route structure or traffic flow organization,
decisions are sensitive, Traffic mix (speed, performance),
Aircrait response accuracy.
9, Qualitative assessment of Alphanumerics assist controller in remembering aircraft
automation effects, identity, and can provide altitude and speed (if
available) data,
Possible increase in time available for decision-masing due
to reduction of other mental burdens,
Reductiun in some communications related to altitude and
speed information,
43
- Y i,
s SR S - . . -
m““ i A i -

e

ioe o ey,

A i Y Sl 2 Tha

Al

1 L Rl b ple

S N5,

i Rt § Sl el e,

e L 05 LIS O L




IR T RIS G - 0: o sl i vt ST o s o My~ ARt L i 2 L PP

Table B-5 (continued)

(e) ATC Function or Event: Clearance Generation, Amendment, and Modification j

1. Associated decisions Probe potential conflicts.
(referenced to Level 1), Develop conflict-free clearance,

2., Is function still performed? Yes.

3. Are same decisions needed? Yes.

;3 4. Are different or additional No.
k decisions needed?

8. Are new tasks added? Keyboard entry of flight plan revisions, clearance
it revisions.
2 6. Are changes in information Possible improved quality (currentness) of flight plan
) provided to controller? revision data.

7. 1s decision timing changed? Possibly change in time controller may be aware of potential

conflict because of improved flight plan revision data.

—

E 8. Other factors to which Route structure, flow organization,

5 decisions are sensitive, Trafiic mix,

Environment (weather, facilities).
Dimensions of airspace under control.
Operations rate,

g 9. Qualitative assessment of No significant change anticipated in short-term clearance
E . automation effects, decisions.
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(f) ATC Function or Event:

Table B=5 (continued)

Surveillance

4.

5,

9.

Associsted decisions
(referenced to Level I).

Is function still performed?
Are same decisions needed?

Are different nr additional
decisions needed?

Are new tasks added?
Are changes in information
provided to controller?

is decision timing changed?

Other factors to which
decisions are sensitive,

Qualitative ussessment of
automation effects,

Detect potentially hazardous deviation.
Transmit deviation advisory.
Plan corrective action and transmit if requested.

Yes.

Yes.

Is track position still correctly aswociated with target
return?

Establish and maintain t:racks.
Reposition track symbol by keybourd entry,

Deviation from flight plan position (pussibly, NAS).

I1f flight plan deviation indication is available, then
possibly controller can sense deviation earlier.

Aircraft flight path (tracking may not be effective under
certain meneuvering conditions, at certain speeds).

Track reliability (track swap, multiple track, Mode C
altitude garble).

Nc significant change results from the availability of
tracking capability.

Surveillance gets lower priority than situations in which
two aircraft are traffic factors .ior esth other,

Increase in workload for track maintenance.
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Teble B-5 (concluded)

(g) ATC Function or Event: Workload Management

Asgsociated decisions
(reierenced to Level I).

Is function still perfcrmed?
Are same decisions ne«ded?

Are different or additional
decisions needed?

Are new tasks addei?

Are changes in information
provided to contvoller?

1Is decisjon timing changed?

Other factors to which
decisions are sensitive.

Qualitative assessment of
automation effects.

Establish priorities,
Delegate responsibilities,
Request flow restrictions:
Flow rate
Delay
Hold,
Request help.

Yes.

Yes.

No.
Keyboard entries required to permit resectorization,

Improved quality (currentness) of short-term workload (by
r~ans of updated flight progress strips).

No significant changes anticipated in timing of workload
management decisions., R-controllers deal with workload
on a real-time basis,

Traffic structure and flow organization.
Traffic mix (aircraft performance, pilot profictency).
Adjacent sector workload and organization,

No significant change in workload management anticipated
through iniroduction of Level 1] automation,

Alphanumeric data assistance may help average controllers
to "keep picture” and keep up with workload.

oy AT e W RN e ae s

46

e pie bk o

TR T TR

(AR ETR R PR,

polre g B

Ty

et bes e el el abld i

N



T2 M e e

TR ey o

Table B-6

IMPACT OF AUTOMATION ON ATC FUNCTIONS AND CONTROLLER DECISIONS (LEVEL III SYSTEN)

{(a) ATC Function or Event: Handoff or Control Transfer

1, Associated decisions
(veferenced to Level 1).

o

Is function still performed?

Earaua il il S oaliaat ety

3. Are same decisions needed?

TITE I

4, Are different or additional
decisions needed?

S £ 0 Ll Ak

5. Are new tasks addec?

6., Are changes in information
provided to controller?

i 7. 1s decision timing changed?

Laidat B i

8, Other factors to which
decisions are sensitive,

9. Qualitative assessment of
automation effects,

Cgrans

Accept responsibility.
Identify aircraft,

Coordinate control restrictions and flight psth intent.
Transfer control.

Yes, but substantially modified (assume discrete identifi-
cation and automatic acquisition of all tracks).

No (identity and track transfer are mechanized; controi

restrictions and flight path intent are specified
procedu: ally).

Confirm validity of identity and uircraft data (i.e,, alti-

tude) (might be necegsary until confidence is developed
in relicbility).

Is voice communication circuit functioning?

Search for arriving targets.

Ackuowledge arrival of aircraft in areas of responsibility
(keyboard entry).

Monitor voice communication function.

All handoff data displayed visually, requires visual
acquisition.

Hardoff alert cue? (Could be visual and/or aural,)

Need to consider handoff acquisition time (time between
handoff offer and acknowledgmen: by controller).

Number of entry points, route structure.

Consistency of handnff location.

Anticipation.

Distribution of arriving aircraft (batween entry points,
latitude and longitude at specific entry points).

Mechanization features and traffic management procedures
change,

Lirotop CritiLM
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(b) ATC Function or Event:

Table B-8 {(continued)

Pointout or Coordination

1. Assoclated decisions
(referenced to Level 1).

2, Is function still performed?

2., Are game decisions needed?

4. Are different or additional

decisions needed?

5., Are new tasks added?

6. Are changes in information
provided to controller?

7. 1s decision timing changed?
8. Other factors to which
decisions are sensitive,

9. Qualitative assessment of
automation effects,

Establish or observe pointout,
Coordinate flight path intent,
Negotiate control restrictions.

Maybe, depending on airspace structure and assignment of
control responsibiliity.

Yes, if airspace structure requires shared responsibility.

No,

No,

Same as Level 11 1f pointout is requirved.
Same as Level II if pointout is required.
Same as Level 11 if pointout is required.

Same as Level II if pointout is required.
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Table B-6 (continu«d)

(¢) ATC Function or Event: Conflict Detection and Resolution

1,

3.

4.

5.

-

7.

8.

9.

Associated decisions
(referenced to Level I),

Is function still performed?

Are same decisions needed?
Are different or asdditional
decisions necded?

Are new tasks added?

Are changes in information

provided to contioller?

1s decision timing changed?

Other factors to which
decisions are sensitive.

Qualitative assessment of
automatjon effects,

Detect conflict,
Select appropriate control action and time.
Determine when situation is resolved.

Yes, but substantially modified. (Assume more highly
structured routing and scheduling, conflict-free clear-
ance generation, Conflicts arise primarily from un-
planned deviations.)

Yes, but at rate commensurate with routing and scheduling
strategy and navigational accuracy.

No,

Maybe, depending on implementation of conflict alerting
and avoidance,

Conflict alert indication.
Identification of conflict pair.
Location of potential conflict.
Urgency of potential conflict.
Recommended avoidance actions.

Depends on system parameters (look-ahead time, closest-
point-of-approach criterion, maneuver intentiun) employed
in conflict alleviation algorithms.

I1f look-ahead time is set fairly short to avoid an unaccep-
table alarm rate, the controller may resolve many situa-
tions before sn alert is indicated by the conflict avoid~
ance system,

Conflict avoidance system establishes limit times at which
action must be taken to avoid hazard.

Alrcraft maneuver intentions,

Acceptable alarm rate.

Degree to which controlier exercises independent judgment
as contrasted with degrec to which he depends on
computer,

Alrspace and route structure.

Traffic organization.

Reliability and quality of target position and path data.

Assume controller still responsible for aircraft
separation,

Conflict avoidance feature may provide screen to detect
conflicts not previously eliminated by clearance genera-
tion or detected by controller. Provides ATC backup
comparable to airborne CAS, but operating with larger
warning times,
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(d) ATC Function or Event:

Table B-68 (continued)

Traffic Structuring--Merging, Sequencing, and Spacing

1, Associated decisions
(referenced to Level 1),

2, 1s function still performed?

3. Are same decisions needed?

R 4 e i e A

4, Are different or additional
decisions needed?

TR

TPATL A

o

™

5. Are new tasks added?

AT R,

i’y

6., Are changes in information
provided to controller?

e ok 1 L0 2 N 1

7. 1s decision timing changed?

Establigsn sequence.

Plan spacing reletions,

Plan gpeed management,

Select control actions and time to act.

Yes. (Concentrate on terminal metering sequencing and

spacing. Concepts extendable to enroute flight
situations.)

No (if computer process is functioning).

Yes,

Are computer-recommended control acti-.i1s reasonable?

Is computer-controlled processing operating eftectively?

Should individual computer~recommended actions be
accepted or rejected?

Is menual intervention in the process required? (partial
ov ride or complete reversion)

Are automatic data inputs reasonable and proper?
(supervisory and aircraft data)

o Insertion of relevant operational data

- System parameters (metering rate, spacing at the gate,
flow patterns, runway direction) are supervisory
inputs,

~ Afrcraft data (performance characteristics, final ap-
proach speed) are stored or inserted by flight plan.
Some information might be needed from controller.
{nsert via keyboard.

Approve or inhibit command transmission to aircraft

(depend on implementation of supervisory review modek

*

Level 11 plus:

Suggested control actions for each aircraft (heading,
specd, altitude communds).

Time of arrival at reference points.

Indication of aircraft compliance with control
instruction?

If computer-generated suggestions are accepted, computer
paces the control process.

Need to estimate time required for controller to review and

act on computer~generated suggestions,

Need to estimate command acquisition time (time between

generation of command and acquisition by controller),
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Table B-6 (continued)

P
w
: (d) ATC Function or Event: Traffic Structuring--Merging, Sequencing, and Spacing (concluded) 3
1 : 8. Other factors to which Compatibility of the algorithm for metering sequencing and
3 decisions are sensitive.
9
3

3
spacing with lccal control practices.
Influcnce of local airspace restrictions.
Control mode: heading, track, track + time
Command display format (command integrated with target

symbol display or located separately--tabular display or
] separate display).
s

Method of G/A message delivery (voice or data link).

Supervisory review mode (send message if OK, or inhibit
message if not 0K).

1

V.

Aircraft response accuracy and sirborne navigational
capability.

% el w2

AL

Runway acceptance rate; operational spacing restrictions
(1.e., wake turbulence),

Final approach speed variations allowable,

Rate at whkich computer recommendations are presented to
controller for review.

recomnendations,

FCITT IF SRR TNE Tt

22 lewe Bl lrat EE LY

Time allowed to approve

9.

g e i

Qualitative assessment of Maximum operations rate is constrained by runway acceptance 1

automation effects. and operational factours,

A skilled controller probably can control traffic as ef-
fectively as a computer~-controlled procesa.

Computer process assists average controller, upgrades his
effectiveness, permits him to operate eftectively in a

shorter time, reduces variability between controllers.

Automation might allow one controller to control more air-

space (sequence and feed from more fixes).

A skilled controller can recognize unsuitable system
operation.

T
bt @ B

RPIPIVRN

NN

e azic T oM K Lt il

b Mo IV

ke N S

b

T
R

A

%

Iy

51

IR WIS v S S

Iy
o




Table B~8 (continucd)

(e) ATC Function or Event: Clearance Generation, Amendment, and Modification

3.

4.

5.

8.

Associated decisions
(re srenced to Level I),

Is function still performed?

Are same decisions needed?

Are different or additional
decisions needed?

Are new tasks added?

Are changes in information
provided to controller?

Is decision timing changed?

Other factors to which
decisions are sensitive,

Probe potential conflicts,
Develop conflict-free clearance,

Yes. (Assume more highly structured routing and scheduling
than in Level II environment, strategic elimination of
high-density conflict points through route separation,

closer surveillance and updating of flight data on air-
craft in the system.)

Yes, with computer assistance.

Yes.
18 computer~generated clearance reasonable?
Should it be accepted?
If more than one alternative is suggested, are any
acceptable? Which one is preferabie?
1s computer-~clearance based on all essential information?

Enter additional information needed for clearance
generation.

Enter flight plan changes through keyboard as required.

Enter manual clearance overrides as required.

Suggested clearances.

Information on potential conflicts (who? where? when?),
Indication to controller that action is needed.

s Conflict probe may allow potential conflicts to be dis-
played to controller earlier than he is aware of them
now (when they appear on his scope),

[1s this necessarily better?

Are better alternatives available with earlier
information?

How will uncertainties affect conflict prediction?
Can early information be used effectively without
rigid control of schedule? .
will early decisions impose unnecessary penalties?]

¢ Computer may alert controller when decision is required.

Might allow action to be delayed until found to be
necessary.

Need to estimate time to review a clearacnce, and to
deliver clearance,

Level Il considerations plus criterion for declaring con-
fiict (minimum closest point of approach).

Appropriate look-ghead time or clearance limit (compare
with existing practice).

Sector organization (impact of clearance on decision
points downstream) .,

(Assume scparation responsibility is vested in ATC) .,

(Assume some aircraft have D navigational capability).

Mode of cleorance delivery.

Square brackets, [ !, indicate comments by authors.
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(e) ATC Function or Event:
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Table B-6 (continued)

Clearance Generation, Amendment, and Modification (concluded)

9.

Qualitative assessment of
automation effects.

Strategic route structure design can eliminate crossing
conflicts at high activity intersections (thereby
eliminating need for a decision).

Improved flight plan updating can identify potential con~-
flicts not eliminated by strategic means.

Improved airborne navigation provides potential means for
managing crogsing or merging time at intersections.
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(f) ATC Function or Event:

Table B~6 (continued)

Surveillance

2.

4.

5.

8.

1. Associated decisions

9, Qualitative asgessment of

(referenced to Lovel 1).

1s function still performed?
Are same decisions needed?
Are different or additional

decisions needed?

Are new tasks added?

Are changes in inXormation
provided to controller?

I8 decision timing changed?

Other factors to which
decisions are sensitive,

automation effects.

Detect potential hazard,
Transmit advisory,

Transmit correction, if requested.

Yes,

No (if computer process is functioning).

Are computer hazard alerts necessary?
Is computer-suggested action acceptable?
Has computer detexted all hazards that bear advisories?

Monitor hazard alert indications,
Insert surveillance criteria (system parameter),

Review and approve hazard advisories and corrective
instructions.

Hazard alert,
Suggested control action (if needed).

Computer could generate an alert on a situation that con-

troller might not feel is significant (system parameter
selection).

Estimate hazard alert acquisition time.

Surveillance tolerances,

Acceptable alarm rate.

Events appropriate for surveillance.
Maneuver intentions,

G/A message delivery mode.

Surveillance data quality (precision, update rate).

Need to assess benefits of computer-assisted surveillance

gervice. Tradeoff between benefits derived from surveil~
lance against added workload imposed on controller
(surveillance tolerance is a parameter),
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Table B-8 (concluded) F
p
3 (g) ATC Function or Event: Workload Management P
!
5 1, Associated decisions Establish priorities. k
(referenced to Level I), Delegate responsibilities. Y
4 Request flow restrictions. i
A Request help, B
1 2. Is function still performed? | Yes. kd
5 3, Are same decisions needed? Yes. 3
A o
b H
;. . +. Are different or additional Is additional information required from computer to E
b : decisions needed? anticipate and manage workload? 3
3 | :
: : ' 2
E H {
3 : 5. Are new tasks added? Interact with computer to obtain anticipated workload data 3,«:
3 { and to explore alternatives for worklouad redistribution. 5.
i 3 »
4 i ' ’é
- 8. Are changes in information Improved presentation of future workload (tabular arrival ! 2
] 5 provided to controller? 1ists can be sorted by route and altitude), ! 4
a3 ] Information from central flow control, , 4
. 4
- i ',;
7. 18 decision timing changed? Provide earlier anticipation of load buildup to smooth and E
y redistribute peak load. . 3
S H K
: | 8. Other factors to which Distribution of arriving traffic ::a
3 t decisions are sensitive, Time ;
4 ‘ Track and flight level ! 3
3 . Entry fixes, :
3 p
9 f 9. Qualitative assessment of Workload management will remain primarily a human judgment A
A automation effects. agsisted by improved organization of data by the com-
3 puter and improved flow organization procedures, *
3 ;
F
E
F
i
N
3
9
E 55
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(a) ATC Function or Event:

Table B-7

IMPACT OF AUTOMATION ON ATC FUNCTIONS AND CONTROLLER DECISIONS (LEVEL IV SYSTEM)

Handoff or Control Transfer

1. Associated decisions
(referenced to Level 1),

3. Are same decisions needed?

4, Are different or additional
decisions needed?

5, Are new tasks added?

6, Are changes in information
provided to controller?

7. 18 decision timing changed?

8, Other factors to which
decisions are sensitive.

9. Qualitative assessment of
automation effects.

2. 1s function still performed?

Accept responsibility.
Identify aircraft,

Coordinate control restrictions and flight path intent,
Transfer control,

Maybe (depends on the degree to which countroller is re~
sponsible for the mcvements of individual aircraft).

No; if controller ii responsible for individual aircraft,

handoff becomes routine acknowledgment of track
acquigition,

Are any aircraft arriving in the area of responsibility
not properly associated with flight plans?
Is special handling required for any aircraft arriving
in the area of responsibility?

Monitor status of all aircralt acquired by the system
(intent, separation, airborne system operation).

Aircraft status (flight plan correlation, airborne
system function indication).
e Handoff alert cues,

Need to estimate time to detect abnormal aircraft
status and probability of that event (flight plan de-
viation, navigation or communication failure).

If the controller is responsible for acquiring indi~

vidual tracks, then time to detect is probably the same
as Level III,

Controller responsibilitics.

Is controller responsgible for acquiring or acknowledging
acquisition of individual aircraft tracks?

Is controller responsible for detecting intruders?

Sector configuration:

Size, route structure, entry points (consistency).

Traffic features:

Relative spacing along routes

Flight pata precision

Distribution (routes, altitudes).

Automated handoff function can change controller handoff

activity to detection and handling of nonstand:ord
situations.
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Table B=-7 (continued)

(b) ATC Function or Event: Pointout or Coordination

I o epio T

1. Associated decisions Establish or observe pointout.
(referenced to Level 1), Coordinate flight pathk intent.
Negotiate control restrictions.

Y’

o hd e T

2. 1Is function still performed? | Probably no (depends on airsp structure, traffic flow
organization, and assignment of control responsibility),

“@

Zok.

3. .Are same decisions needed? No. (Coordination on use of shared airspace by traffic on

organized tracks becomes planning function. Assume air-
craft roquiring special handling--e.g., test, survey,
tactical training, refueling. nonstandard routing--will
be excluded from Level 1V airspace.)

st KE Y

4, Arc different or additional
decisions needed? See conflict resolution and clearance generstion.

5. Are new tasks added? No.

6. Are changes in information
provided to controller? -

7. 1s decision timing changed? -

8. Other factors to which

Airspace structure and flow organization: i
decisions are sensitive,

{1s Level IV Automation restricted to airspace containing
only organized (published) paths?]
Control responsibility:
How is control responsiovility assigned for aircraft on
organized paths truversing common airspace (common
final approach path, crossiug intersections)?

T TN AT e
R o e 1 P ol XD I L L TR 0 St 17 R UL
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9., Qualitative assessment of

Procedural changes may delete use of pointout function in
automation effects,

airspace where Level 1V automation is employed.
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Table B~7 (continued)

{c) ATC Tunction or Event: Conflict Detection and Resolution

R
4
5
v
A
" ! 1.
4 |
4
. 2,
4
R
r
A
[
& .
3 . 3.
A
'
8
N i
i
k. ¥ 4,
] |
b v
|
2 .
3 1
14
1 ;
e H
r~: t
\
1
.
t S.
; ;
‘
,
)
3
6,
3 .
3
- 7.
v
5
3
.
¥
)
K
3
3 8.
5
3
1
3
3

Associated decisions
(referenced to Level I).

Is function still performed?

Are same decisions needed?

Are different or additional
decisions needed?

Are new tasks added?

Are changes in information
provided to controller?

Is decision timing changed?

Other factors to which
decisions are sensitive,

Detect conflict,
Select appropriate control action and lime,
Determine when situation is resclved.

Yes, but substantially modified. (Assume highly organized
traffic flow in Level IV environment, generation of con-
flict-free clearances, automatic conflict alert and alle~
viation; assume conflicts arise from unplanned
devintions,)

No (provided groind based clearance generation and conflict
detection and resolution programs are functioning
correctly).

¢ Is controller intervention in the conflict detection and
resolution process required?
Modify control instructions
Modify system or operational parameters
Revert to manual conirol.
* Is special handling required for any aircraft under
Jurisdiction?
Is aircraft unable to comply with contro! instructions?
Provide separation or protection to aircraft umable to
comply.

Detect computer-generated conflict alert.

Override computer program as needed.

Ingsert information into computer manu: 11y 1s needed.
Interrogate computer to obtain nceded information.

Level I1l plus computer-generated alert for operator action.

¢ Significant decision times are:
Time to detect computer-generated alert (seconds),
Time to detect situations requiring operator attention,
Time to resolve uncorrected conflict manually is no
less than for Level I (but number of uncorrected
conflicts should be much less).
¢ Automated conflict resolution permits action selection
to be delayed (but the limit would be the time tne con~
troller needs tc cope with the situation manually).

Reliance on ATC system tunction (effectiveness, reliability,
integrity).
Controller responsibilities:
Is responsibility for air-to-air separation delegated to
or shared with pilots?
Are aircraft equipped with air-derived separation
assurance devices?
Flow organization:
1s flow organtized so that controller can cope with air-
craft unable to comply with control instructions?
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Table B-7 (continued)

(c) ATC Function or Event: Conflict Detection and Resolution (concluded)

E<

9, Qualitative assessment of s If ATC system effectiveness, reliability, and integrity f

automation effects. are demonsirated to controllers’ satisfaction, they will i

: accept a higher level of operations than they could k.

! handle manually, G

’ e The amount of additional load that controllers would be p

willing to accept depends on the degree to which they k

are responsible for air~to-air separation. §

1f controllers are totally responsivle, the operations %

rate would be comparable to Level I1I. 3

. 1f pilots are made totally responsible for main- K

i taining separation (through compliance with ATC ﬁ

i clearances), operatjons rates may increase to levels 3

f consistent with su .eillance capability or physical g

! constvraints. é

3

.j

2
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b
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(J) A1C Function or Event:

Table B-7 (continued)

Traffic Structuring--Merging, Sequencing, and Spacing

4.

5.

Associated decisions
(referenced to Level I).

Ig function still performed?

Are same deciszions needed?

Are difrerent or additional
decisions needed?

Are new tasks added?

Are changes in information
provided to controller?

Is decisicn timing changed?

Other factors to which
decisions are sensitive,

Esiablish sequence,
Plan spacing relations.
Plan speed menagement,

- Select control ¢ tions and timing,

Yes, (Assume highly organized traffic flow, control of ar-
rival time at designated control points, employment of
computer~based algorithms tn generate clearances and
control instructiions.)

No (provided romputer process is functioning properly).

s Is computer~controller process operating effectively?
e Is special handling required for any aircraft?
e Is manual intervention in the process required?
Insertion of data
Override instructions
Reversion to noncomputer sequencing and spacing.

Same as Level 111, except that review ard inhibition of
control instructions to individual aircraft is ac-
compiished only as needed.

Same as Level 11J, except that control instructions (trans-
mitted directly to aircraft without controller participa-
tion) may be displayed for review by controller.

Significant decision times are:

* Time to detect deviation of individual aircraft from
planned status,

¢ Time to review sejquencing and spacing effectiveness and
to determine intervention action.

s Cumpatibility with local practice (paths, constraints).
* Control modes: heading, track, time-of-arrival.
¢ Aircraft navigational capubility: 3D, 4D
e Airborne separation assurance capability:
Knowledge of traffic situations
Control of relative position
e Contrnller responsitrilities
Flight path or heading control
Adrcraft spacing control
Sequence and spacing management.
¢« Escape modes: 1i.c,, reversion to less automated nodes
of control,
e Reliance on ATC function.
* TCA configuration: size¢, route structure, number of
runways, merge points, feeder fixes.
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Table B-7 (continued)

(d) ATC Function or Event: Traffic Structuring--Merging, Sequencing, and Spacing (concluded)

9, Quslitative asesessment of Terminal metering and sequcncing:
automation effects, ¢ Level Il considerations apply.

Maximum operations rate for a given runway is con-
strained by runway occupancy, wake turbulence, and
roise linitations rather than by controller ca)ability.
1f the controller has confidence in the system relia-
bility and effectiveness, if airborne users have suit-
able navigation and separation acsurance capability,
and 12 suitable escape and reversion procedures are
available, an individual controller might assuxe re-
sponsibility Jor more airspace than under Level 11I
control,

Level 11! operations provide direct translation to

oS SRR L

fad]

Eaatinrrasmrioste

r vevel IV, when G/A message delivery is automatic, but
J with controller inhibit capability. 3
\ ¢ Ground based automated sequencing und spacing manage~ H i
: mont slhould bLe matched with eauivalent automation in } 2
: aiarborne navigation (path and speed control) ; i
3 capability. g
. B
3 g
a “T’-
- L]
] g
e = 1
1
. 3
; ) E
; :
. ’ 3
! i
; 1
g %
: :
‘ 5
3 F 3
3 i
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i
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Table B-7 (continued)

(e) ATC Function or Event: Clearance Generation, Amendment, and Modification

1. Associated decisions
(referenced to Level 1).

2, 1Is function still performed?
3. Are same decisions needed?

4. Are different or additional
decisions needed?

5. Are new tasks added?

6. Are changes in information
provided to controller?

7. 18 decision timing changed?

8. Other factors to which
decisions are sensitive,

9. Qualitative assessment of
automation effects,

Probe potential conflicts,
Develop confiict-free clearance.,

Yes (See Level I11,)
No (if computer process is operating effectively).

Sheuld individual clearances be reviewed?

Is manual intervention needed
To override clearance generated by computer?
To ingert information or data?
To modify system parameters?

Same as Level I1I,

Clearunce data on arriving aircraft:
Clearance limit (fix or altitude).
Cleared track and flight lcvel restrictiones or
modifications to resolve potential conflict.
Information on potential conflicting traffic (who?
where? when?j.
Computer indication that controller action is required.

Significant decision times are:

e Time to detect computer-generated controller aiert
(short).

. ime to review clearance data and to determine inter-
vention action (variable, but low probability with
suitable route structure and schedu. ing algorithms).
[Need to analyze this in terms of specific sector,
route, and schedule conditiuns, ]

Airspace organization: size of jurisdiction under control,
route structure, and complexity.

Traffic feutures: distribution along tracks, and among
tracks and flight levels; aircraft performance; aircraft
navigation and separation assurance capability.

System parameters: look-ahead time or distance, and sepu-
ration criteria,

Controller responsibility: degree to which responsibility
for navigation and separation is centrailized in ATC or
distributed among pilots,

¢ Level 111 considerations apply.

e A computer can be used to identify those situations that
require controller intervention (not smenable to
straightforwvard computer slgorithm),

¢ A computer can be uged in an interactive manner to aid
the controller in decision-making (organize information
and nssess alternative actions).

e« Elimination of decision points by route structure and
scheduling design may enable the controller to be cog-
nizant over a larger block of airgpace than in
f.ovels 1 and 11,
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Table B~7 (continued)

(f) ATC Function or Event: Surveillance

k-
%
%

1. Associated decisions Detect potentially hazardous deviation from plan, 4

i (referenced to Level I). Transmit deviation advisory. %

Plan corrective action and transmit if requested, E

1 2. 1s function still performed? | Yes. (Surveillance is upgraded to conformance control :

. function in Level IV system.) g

3 a4
; 3. Are same decisions needed?

No (if computer-controlled surveillance process is
functioning).

FTTINRLY

3 4. Are different or additional .
decisions needed?

L ShE,

I8 survelllance process operating effectively? 4
Are all significant deviations (consistent with sur~
veillance criteria) detected? ;
Are advisory messages sent to aircraft acceptable k
(frequency, urgency)?
Are corrective instructions sent to aircraft accept-
able {(Irequency, magnitude, urgency)?
Are aircraft complying?
¢ 1s manual intervention needed
To medify system parameters?
To override advisories or instructions?
To terminate surveillance?

TN AR T

™
M2

T
.

ST

A
F 5. Are new tasks added? Monitor automatic surveillance process. ! k
. Obtain surveillance data from computer as needed. , b
4 jnsert data to modify surveillance process. ‘ é
i Transmit override instructions. ; 3
3 Determine when intervention is needed. ‘ k
: P
§ 6. Are changes in information Surveillance data sent to aircraft (on request) i i
2 provided to controller? Nature (advisory, correction) K
g Content 4
3 puration i
e Frequency, %
1 Violation of surveillance boundaries (indication of é
4 noncompliance?, g
; Computer-genercted alert for manual intervention. i
1 7. 18 decision timing changed? significant decision times are: H
g Time to devect computer-ge~erated controller alert (non-~ %
3 compliance, impending boundary violation), j
; Time to review and modify surveiilance parameters ; g
4 (variable, but infrequent). 3 E
. Time to intervene--and select action (variable, but Y
1 infrequent). 3 i
? 8, Other factors to which :
! decisions are¢ sensitive, Same as Level III,

3

E
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Table B-7 (continued) é

(f) ATC Function or Event: Surveillance : }

9. Qualitative assessment of ¢ Conformance control process can regulate attainable ca- ﬁ

automation effects, pacity in Level 1V system (by dictating allowable spacing z

and separation standards, and scheduls deviation 3

tolerances). 1

3

s Level 1V surveillance is an integral part of air traffic 5

management process, higher priority than Level 1 Q

9 surveillance. 4

[ ¢ Automatic surveillance relieves the controller of work- f

> load burden (provided controller intervention is held at F

4 reasonable level), :

4 [A reasonable level might be construed as one or two 3

3 interventions per hour. ] 3

5 . 3

4 H

1 4

3

2 -

<

v 3

Fe :

g i
1
-
3
3
3
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?" & Table B-7 (conzluded)
Pk :
3 t (g) ATC Function or Event: Workload Management p
* i
i ;
; ;
g 1., Associated decisions Eptablish priorities,
4 (referenced to Level I1). Delegate responsibilit” -« 5
3 Request flow restrictions. 3
3 : Request help, j
3 v
3 2, 1Is function still performed? | Yes (could be managed on broader seale than sector: area, E
center, facility, or other). S
M i
: 3. Are same decisions needed? Yes. ?
. E 4, Are different or additional %
: . : decisions needed? Same as Level III, 3
‘ < 5. Are new tasks added? Same as Level III, A
; H “
¥ : . g
3 H 6. Are changes in information 3
A i provided to controller? Same as Level III, i
3 { . g
¥ ' 7. 13 decision timing changed? Same as Level 111, 4
F . 8. Other factors to which Size of control jurisdiction. :
3 decisions are sensitive. Look-ahead time, ¢
3 : Routing and schedule structure. ;
4 3
; ’ 6, Qualitative assessment of s The highly structured routing and scheduling anticipated j
3 ! automation effects. for the Level 1V environment should permit well planned 1
- workload distribution and management. i
3 « Worklond * 1agement is essentially a local command (flow
3 - control . ction,
3 e Automati.. may permit larger sectors, thereby broadening
4 scope of workload management,
3 ¢ Workload management for interacting jurisdictions
3 should be coordinated, rather than being treated
independently.
{ ]
1 i
3
*
3
3
3
3
% 65
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Appendix C

RELATIVE CAPACITY ESTIMATING PROCESS

I s Tolo At i el peny

1., Background

R T TS

As previously mentioned, the study effort for the second year of .
the project, A Methodology for Evaluating the Capacity of Air Traffic ;
Contrecl Systems, was focused on the analysis of the controller-centered
capacity constraints, Most of the work entailed determination of the
effects that the controller car have on the operationally attainable
capacity of an automated ATC system, Since the various proposed automa-
tion levels are very costly to implement, a method of prediction or in-
ference concerning the controller's impact on the capacity of those
future systems based on present characteristics and information is in- ]
dicated. We have performed this analysis by developing and using an ?
analytical approach that estimates the changes in capacity that depend
on controller-centered factors. This section describes the process
that was used to estimate these changes. Since the controller impact
on the ATC system is only one of the several constraints that have an
impact on the capacity of the system,l* the capacity estimates obtained
with this process are relative to the controller-centered conditions
that exist. Appropriately then, the approach developed here is entitled
the Relative gapacity Estimating Process, or RECEP,

UL I RS T L TIFL T T S S W J L NPT

Soint S u sl

AT sl
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2. Descripyion

The project team limited its attention to three ATC decision classes
or situations.® They are:

. Predicéion and resoluticn of potontial conflicts by
R-controller.f

P N . TPUCUNUPUE S N NP ST, VS Y-S NPy JUTRY NP G

1

[

i

%

&

* :
References arc listed at the end of this appendix, 3

t i
Where some decision-making activities are split among several men 3
working on a sector, "R-controller" (radar controller) denotes the %

team.

Preceding page blank




S R A e e

-

b
:
:
L
3
Ly
19

e Implementation by R-controller of prescribed sequencing
and metering requirements,

e Decisions required by traffic loads, facility outages,
3 or other causes to invoke priorities of action or
2 attention by R-controller,

An overall block diagram of the process used in the analysis is

E shown in Figure C~1. The process uses the traffic and sector character-
E istics in a scenario structure to obtain the numbers and frequencies of
events (such as potential conflicts, overtakes, and the like) requiring
a decision to intervene., These events are used in a decision structure,
along with the configuration of the ATC operating system and the judg-
mental factors used by the ccntroller, to estimate the time that would
be required in decision-making related to these events, This informa-
tion is then used, along with the usual sector capacity parameters, in

' a capacity evaluation process to yield relative capacity estimates for :
: the different sets of input conditions, The specific procedures used

- Sope N
AR RO A XTI, WO AP TIRIR o DRSS 2N

T
[PERTITINCE Se
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B et

g in each step of the process are described in the following paragraphs. é
K .
g : Judgmentat i
3 i Factors
. i
E' ATC System
: Equipment
1 i Configuration ,
3 Traffic 1 . :

. Time Required .

Y. . K
3 Characteristics Events For Decision Making Relative
. SCENARIO pe=—=—=ee——eewed»| DECISION ~ CAPACITY e Capacity :
g : Delay Time Estimate !
3 ; Sector Imposed on Users :
: . Characteristics .
i TA-8181-25

FIGURE C-1 RELATIVE CAPACITY ESTIMATING PROCESS

a. SCENARIO

A simple flow diagram of the SCENARIO portion of RECEP is

shown in Figure C-2, A lis! of sector and traffic characteristic inputs
needed is given below:
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T
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GENERATE EXPECTED NUMBER
OF CONFLICTS AND OVERTAKES
(EVENTS) FOR EACH NH

!

IF SEQUENCING AND METERING
1 REQUIREMENTS ARE IMPOSED,
g GENERATE RESULTING EXPECTED
NUMBER OF CONFLICTS AND OVERTAKES
(EVENTS)

Jo i

TR

Y ]
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o
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v

GENERATE EXPECTED NUMBER OF
PILOT REQUESTS, NONSTANDARD
REQUESTS FROM ADJACENT SECTORS,
WORKLOAD MANAGEMENT AND
TRAFFIC STRUCTURING EVENTS, AND
3 HANDOFF EVENTS FOR EACH N,

g

| s

OUTPUT:

LIST ALL EXPECTED EVENTS AND FRE-
QUENCIES OF OCCURRENCE REQUIRING
DECISIONS FOR EACH N, CONSIDERED
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FIGURE C-2 SCENARIO FLOW DIAGRAM

e Input: traffic characteristics

3 =~ The total number of aircraft pex hour through
. the sector (Ny).

1 AL ARAAM LA At i A 4

- The flow of traffic on each airvay route (air-
. craft per hour),

o e N 2 L b bl S bl L S PRYT /IS S Vg

- The percentage of the flow on each airway

route that is at each altitude level associated
3 with the route.

TR YT

~« The percentage of the flow on each airway route

‘ that is nonmilitary traffic and the perceatage
; that is military.
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~ The average speed and the speed distribution at
each altitude level for each airway route.

- The climb and descent speeds used at each alti-
tude level,

- The percentage of flow on each transitioning
route,

* Input: sector characteristics
- The airway routes and their lengths,

- The airway routes that intersect, and the angles
of intersection,

- The sector boundaries,

- The transitioning routes used in the sector,

The requirement for these particular parameters will become more evident

as we describe the expressions required to generate the various types
cf expected events,

1) Generate the Expected Number of Conflicts and Overtakes

Recall that the first decision class, or situation, men-
tioned above pertained to prediction of potential conflict., Since this
project was concerned with the radar environment, the ATC radar scpara-

tion minima are the criteria to be maintained,

These criteria are as
follows:"

If aircraft arc scparated by less than 1,000
feet in altitude (2,000 fect above FL290),
then (1) aircraft less than 40 miles from the
survei’ -.1ce radar antenna must be separated
by at least three miles and (2) aircraft 40
miles or more from the radar antenna must be
separated by at lcast five miles,

These minima are often increased in practice where ATCRBS (air traffic
control rada: beacon system) is used to maintain thc stated separations
hetween heacon slashes., The two primary means by which these separation

minima can be violated are by (1) intersccting of two aircraft flight

paths or (2) one aircraft overtaking another, The prossible combination
of cvents resulting from these two violations are listed in Table C-1,

Since there are differences among these cvents in the difficulty of
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resolving the potential conflicts, if possible the events should also
be divided into type of aircraft involved, such as nonmilitary versus
nonmilitary, military versus nonmilitary, and military versus military.

However, during this effort, t..ere were not sufficient data to make these

distinctions meaningful.

Table C-1

EVENTS RESULTING IN VIOLATICN
OF RADAR SEPARATION MINIMA

Conflicts | Intersection of two aircraft flight paths
at the same altitude,

Intersection of a transitioning (climbing

or descending) aircraft with a level air-
craft at altitude,

Intersection of two transitioning aireraft,

Overtakes ! Aircraft at the same altitude,.

Aircraft transitioning on the same ‘rack.

SRI has developed a number cof simple mathematical models
for predicting the expected number of this type of event. Data acquired
in our measurement phase of the nroject were compared with estimates
generated by these models as verification, The development of the model
used to predict the expected number of conflicts at an intersection of
two air routes is descrivecd in detail in Refs, 4, 5, and 6; only the

resulting expressicns are presented here. Figure C-3 shows an illustra-

tion of the situation of two intersecting routes at the same altitude
with different flow rates and velocities.

If the following assumpticus are mude: (1) a conflict
event occurs any time un aircraft

to an aircraft along route .. (2)
entry point, along the air route,

slong route 1 is closer than X miles
the arrival of aircraft at the sector

is randualy distributed, and (3) the
variatior in aircraft speed along

the ¢i. route is negli_,ible, then
the relut.onship for the expected umber of conflicts c.n be expressed
6

as:
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‘ 2
2 ’11’12’(/;?1 + Vg~ WV, Vg cos @

c { V“V12 gsin o

(1)

expected number of conflicts per hour
flow of aircraft at altitude 1 along route 1 (aircraft
per hour)

flow of aircraft at altitude i along route 2 (aircraft
per hour)

separation minimum (miles)

average speed of aircraft at altitude 1 along route 1
(miles per hour)

avernge speed of aircraft at altitude 1 along route 2,
(miles per hour)

angle of intersection between the routes

different anltitude levels used along this anir route.

TA891.2)

FIGURE C-3 TWO INTERSECTING ROUTES WITH
FLOW RATES AND VELOCITIES
OF f,, V, AND 1,, V,
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§ The expected number of conflicts at an intersection of a transitioning
E aircraft track and a level aircrafi route can be expressed as:
f
: !
] 22 x| V2 4V -2V V cos|sin® =t ;
3 ik i k Jk v 7
4 .
] E, = 22X T (2)
i B Ik V.V t
4 J RV 3
3 J :
3 E
1
B y
3 4
; where E
Ec = expected number of conflicts per hour 4
B ;
th g
: fj = flow of uircraft along the j tvansitioning track 3
1 (aircraft per hour) 4
4 th ]
} fk = flow of aircraft along the route at the k altitude 3
3 (aircraft per hour)
X = separation minimum (miles) ; E
L 4
- th ' g
¥ v = average speed of aircraft along the j transitioning : 3
3 track (miles per hour) E p
3 th : :
i v = average speed of the aircraft along the route at the k g i
3 altitude (miles per hour) ; 3
1 i
§ v = transitioning rate for the transitioning aircraft (miles § 3
1 per hour) (i.e., climb or deacent rate for the transitioning } %
E aircraft) 3 ;
5 oo
3 J = each transitioning track used in the sector E ;
Z {
L k = each altitude level, used for air rraffic that intersects j. i
ﬁ :
: 3
o
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It can also be shown that the expected nu-ter uf conflicts at an intev-
section of two transitioning aircraft routes can be expressed as.

q
;
.
b,
3

d
3
2
3
o
4
3
e
3
A
3
-
i

{ r \'
3 t ..=1_t -1 _tm
, 2 f.%fm ):/Vz +V o 2V£Vm cos i..u. - + s vm
: E, = )IDY I it (3 ‘
: cC 4m vy |t o ( ‘
. £'mlv * v J K
f yA m 3
g
E where §
E = expected number of conflicts per hour ;
2 th 3
3 fz = flow of aircraft along the £ transitioning route 3
- (aircraft per hour) 3
b H
F- fm = flow of aircraft along the mth transitioning route g

(aircraft per hour)

RIS TTT

3
1]

separation minimum (miles)

PUREEY S

th
Vz = average speed of aircraft along the £ trunsitioning
route (miles per hour)

atn

il

th
; Vv = average speed of aircraft along the m transitioning
route (miles per hour)

AR a1

At

v g = transitioning rate for the aircraft along route £
(miles per hour)

4 i = each transitioning route useé¢ in the sector

é m = each transitioning route used in sector that intersects £, g

Fquations (2) and (3) are used only if the situations
under consideration pertain to transitioning aircraft and/br level
aircraft that coianzide along the same track. If the situation involves
aircraft along differeit tracks, then the expression in Eq. (1) is
also used to determine the expected number of conflicts at an intersection
of transitioning aircrait and level aircraft (ECB) whose tracks do not
coincide, as well as to determine the expected number of conflicts between
two different transitioning tracls (ECC) that do not coincide. Hence,
the expressions in Egs. (1), (2), ond (3) give estimates of the expecteu

number of conflicts for ecach of the istersecting situations listed in
Table C-1.
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SRI has also developed some simple mathematical models é

for predicting the expected number of overtakes. These models are &

described in Refs. 7 and 8, and only the resulting expressions are g

presented here. If the following assumptions are made: q

i ¢ An overtake event occurs anytime a faster 3
i

moving aircraft comes within X miles (separation
minima) of a slower moving aircraft, both at

the same altitude and along the same air route,
or both transiticning along the same route,
during the peri : of time the aircraft are
within the sector boundaries,

e sl

g

o

The arrival of aircraft at the sector entry

point, along the air route, are randomly
distributed,

2yt

Wt iakeiu r &

The variations of aircraft speeds along the
route are distributed in discrete speed classes,

then the relationship for the expected number of overtakes along an
air route (including transitioning aircraft) can be expressed as:

r E
n"l ’ I . 1
2 £ A \' \Y v i "
(£ + 2X) fi K RAA TN AN § i
E, = v v > ~ () L
° i=1 i k=1+1 k ; :
i
i
}
where P
Eo = expected number of overtakes per hour i
;
E n = number of discrete speecd classes along the route l

"
by
i

length of air route (miles)

th
fi = flow of aircraft travelling at the 5" speed
(aircraft per hour)

4 eraten o ads Mbebend B s 8 K N AL o 4

th
V. = beginning speed of aircraft in the i speed class
(miles per hour)

th
fk = flow of aircraft travelling at the k speed
(aircraft per hour)
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th
V. = beginning speed of aircraft in the k  speed class
(miles per hour)

th
V. = ending speed of aircraft in the i speed class
(miles per hour)

V. = ending speed of aircraft in the kth speed class
(miles per hour)

X = separation minimum (miles).

As stated above, this expression also includes expected overtakes for
transitioning aircraft. Hence, Eq. (4) gives the expected number of
overtakes for two overtake situations listed in Table C-1.

We plan to develop overtake models based on more sophis-
ticated separation and speed assumptions; they will be compared for agree-
ment with the models presented here.

Adding the expected conflict events and expected overtake
events together yields a total of four possible expected conflict events
that could occur. These four possible expected conflict events are then
determined for each NH'

2) Generate Expected Number of Conflicts and Overtakes
Resulting from Imposed Sequencing and Metering Requirements

If the particular sector of interest has some specific
sequencing and metering requirements placed on it, the expected number of
conflicts and overtake events resulting from these requirements must be
determined. These events can be calculated using the same expressions
and procedures outlined in "1)" above, substituting separation imposed
operationally for those pecified by radar minima. For the ai. routes
on which these restrictions are imposed, the values for the expected
conflicts and cvertake expressions calculated here will be used instead
of the values obtained in "1)" above.

3) Generate Expecterd Number of Other Types of Events

The third class of events to be generated includes the
events ausociated with pilot .pproval requests, requests from adjacent
sectors (such as coordination or pointouts) and structuring and workload-
planning events. These events are generated in the following manner.
Events resulting from pilot approval requests are generated by assuming
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that they are linearly proportional to the number of aircraft handled by

the controller. Therefore, the expression for the expected number of
pilet approva® request events is simply

=K 5
EPR lNH (5)
where
EPR = expected number of pilot approval request events
per hour
Kl = a constant
N =

. number of aircraft per hour through the sector.

The value for K; was obtained from data collected during the ARTCC
data collection stage as outlined and discussed in Appendix D. Pilot
approval requests were recorded during this data collection stage
aiong with the number of aircraft through the sector during the obser-
vation period. The average percentage of the sector traffic flow that
makes pilot approval requests was then determined from all of the time
periods that data were collected. This value was used for K; in RECEP.

Similarly, assuming that the expected number of events
resulting from requests from adjacent sectors (such as pointouts,

blocks, and the like) is proportional to the number of aircraft handled
by the sector, then

ENS = K2NH (6)

where

=)
1

NS expected number of contiguous sector requests,
(events per hour)

~
[l

a constant

-4
[}

H number of aircraft per hour through the sector,

The value for K, was also obtained from data collected as outlined in
Appendix D, During the data collection stage, nonstandard requests
from contiguous sectors, such as information pointouts, blocks, and

so on, were recorded along with sector entry rlow rates. The average
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percentage of nonstandard requests from adjacent sectors that was
observed compared tc the number of aircraft per hour through the sector
for all of the observation periods was calculated, and this value was
used as Ko in RECEP

During our measurzment progra. at Oakland and at Chicago
ARTCCs, as well as during visits to other centers, we observed a great
deal of coordination effort between sectors. These :oordination efforts
are usually associated with clarification and/Br information exchange
on certain aircraft that are of joint interest to two or more sectors.
This could include information on an aircraft handoff, a pointout, or
the like. This exchange is above and beyond the information that
usually occurs with this type of effort. To account for these efforts,
we assumed that the expected number of events resulting from sector
coordinstion is again proportional to the number of aircraft through the
sector during the same poriod of time. Hence:

Esc = K3NH (7)
where
Esc = expected number of sector coordination events per hour
K3 = a constant
NH = number of aircraft per hour through the sector.

There are some decisions cuncerning handoff events that are judgment-
based and hence treated in RECEP. During periods of heavy peak traffic,
such things as when and where Landoffs should be made to balance the
traffic load are important aspects of a decision that must be considered.
Since on the average there are two handoffs per aircraft through a
sector, decisions associated with handoffs are acounted for in RECEP bhy

EHo = 2NH (8)
where
EHO = expected number of sector handoff events per hour
NH = number of aircraft per hour through the sector.
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The final class of events to be treated is associated
with the portion of the controller's work that is spent in trying to

structure the traffic flow so that the workload is roughly leveled out
over a period of time. The controller must take planning decisions on
every aircraft that comes into the sector. Comnsequently, associated

with each aircr.’t through the sector are certain basic traffic struc-
turing events.

If it is assumed that these events are proportional to
the number of aircraft through the sector, then they can be expressed as

ETS = K4NH (9)

sy

where

txs
n

PPN PR AT g o

1S the expected number of controller traffic structuring
events per hour

K4 = average number of traffic structuring events per aircraft §
NH = number of aircraft per hour through the sector.

4) Output

Table C~2 shows the 1list of events that require control <= !
intervention and associated decision~making time for resolution. 1 ‘e~

events are the output of the SCENARIO portion of RECEP and are determ.

DNPTR TP g -

d =
for each N, considered. '
b. DECISION

A simple flow diagr: . for the DECISION portion of RECEP (see
box in Figure C~1) is shown in Figure C-4. The inputs required are:

A A e T e
ik,

* List of events for each NH (shown in Table C-2),

R S R
h ™

ATC system equipment configuration. (Must specify
automation level to be used in the process. The
four options arc described in Appendix B.)

A

Dominant judgmnental factor
- Perceived responsibilities
- Perceived adequacy of system

- Perceived system reliability

. e W BAE
i v o (30000 nf e o e mbe
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~ Expe’ ted visibility of action
- Latitude of reasonable decision objectives.
The requirement for these parameters will become more evident as we

describe the expressions developed to generate the time required to
make various decisions.

1) Generate Decision-iaking Time Required for Each Event

Appendix A presents the discussion and descriptions of
the decision process proposed for use in RECEP. The process divided
an ATC decision into three phases. They are: (1) deviation recognition,
(2) situation assessment, and (3) action selection. Each of these phases
consisted of several steps that were postulated as the (implied)

Table C~-2

LIST OF EXPECTED EVENTS REQUIRING DECISIONS

ECA - Expected number of conflicts per hour between two intersecting
routes,

ECB - Expected number of conflicts per hour at an intersection of a
transitioning route and a level route,

ECC - Expected number of conflicts per hour at an intersection of two
transitioning routes.

E0 - Expected number of overtakes pe. hour.
EPR - Expected number of pilot approval requests per hour,

ENS - Expected number of nonstandard contiguous sector requests per
hour,

ESC - Expected number of sector coordination events per hour,

EHO - Expected number of sector handoff events per hour.

ETS - Expected number of traffic structuring events per hour,
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E . ATC System

. List of Events Equipment Judgmental
3 For Each N Confiyuration Factors

g

| I B

GENERATE DECISION-MAKING
TIME REQUIRED FOR EACH
. EVENT

'

DETERMINE TOTAL TIME
3 REQUIRED FOR DECISION MAKING

it
;

SR/

AT

(2T s

Ay

i

 J
PLOT TOTAL Ti#n€ IFQUIRED FOR
DECISION MAKING ‘E.~ 1S NUMBER OF
AIRCRAFT PER HOl.+« THRNOUGH THE
SECTC.,

!

GENERATE NUMBER OF DELAYS
REQUIRED AND TIME OF DELAY
IMPOSED FOR EACH AIRCRAFT

'

DETERMINE TGTAL NUMBER OF
DELAYS, TOTAL DELAY TIME !MPOSED,
AND AVERACE DELAY TIME PER
AIRCRAFT DELAYED

X ¥
3 =
& %

i

OUTPUT: b

TOTAL TIME REQUIRED FOR DECISION-
MAKING:

PLOY OF DECISION TIME VERSUS NUMBER
CF AIRCRAFT PER HOUR.

TOTAL DELAY TIME IMPOSED.

TOTAL NUMBER OF AIiRCRAFT DELAYED.

3 AVERACE DELAY TIME PER AIRCRAFTY

DELAYED.
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FIGURE C-¢ DECISION FLOW DIAGRAM
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5 . procedure used by the controller in making a decision, Ideally then,

3 , to determine the amount of time required in making a decision concerning
one of the possible events one should know the amount of time required
to perform each step of the three phases of a decision. However, since
there are relatively little substantive data available in the field of
ATC controller decision-making that is concerned with the controller's
mental process, judgmental factors used, and time .equired for each

step in the process to make a decision, and also since it is beyond the
scope of this particular project to undertake a major effort to obtain
this information, we will assume that the decision-making time for each
event is a function of the judgmental factors and the ATC operating
equipment configuration. Hence, for a given particular type of event,
and a given judgmental factor or combination of judgmental factors along
J with a given automation level, we could specify the time required to make
: a decision if we knew the functional mathematical relationship. Since

3 we do not know the functional relationship between these parameters, we
assumed that given the parameters, we could measure the decision time
required. Hence, theoretically, for each event we could generate a
matrix similar to the one shown in Table C-3.
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However, it would be an extremely large undertaking to try
to obtain all of the elements of the matrix. Since there are 31 possible
combinations* of the five postulated judgmental factors, four automation
levels for each combination, and nire possible types of events, the total
number of matrix elements to be measured and estimated is 31 X 4 X 9, or
1,116, This number was reduced to a manageable size by first assuming i
that, although all five of the postulated jugmental factors are active,
there is always a dominant cne. Making this assumption reduces the :
elements in the matrix to a total of 5 X 4 X 9, or 180, tThis is still i
3 a rather large number of elements; however, all of the elements are
probably not unique. For instance, from our Oakland center measurements,
we found one pattern of judgmental factors comsistently active and used
this single combination in our analysis.
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Table C-4 shows an example of the type of matrix that was
used for each of the nine types of expected events to obtain the decision-

iaal i b T )

a5 ot i B b

4 making time required.

1

4 *

E There are 31 combinations of the five judgmental factors, if they
3 are taken one at a time, two at a time, three at a time, four at a

time, or all five at a time.
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Table C-3 ,
! i MATRIX RELATING JUDGMENTAL FACTORS AND 3
: AUTOMATION LEVEL TO DECISION-MAKING TIME 3
: ;
]
3 _ Automation Level
: ' Factors| 1 2 3 4 E
3 1 D11 | PTha | P3| Py :
2 DT . . .
21
3 . DT32 . .
4 . . . 1
DT43
3 5 . . . DT5 4

k

k)

1

:

o

3 Table C~4 o

y ' 1

5 ' :5

p MATRIX RELATING DOMINANT JUDGMENTAL P

FACTORS AND AUTOMATIGN LEVEL TO ¢ ;

L DECISION-MAKING TIME 3

2

i Automation Level ’

3 Factors 1 2 3 4 :
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The information in Appendix B concerning the effects of
decision~-making postulated for each of the automation levels was used
along with the Class B data (see Appendix D) and information obtained
from the structured interviews with the controllers to determine the
matrix element values for each type of event. The values used in the
process are presented and discussed in Appendix E,.

The total time required for decision-making during the
time period of interest is obtained by summing up the decision time
required for each event., Hence,

T =
DM EEi T, (10)
i
where
T“M = total time required for decision-making per hour
th
Ei = expected number of i events per hour
th

Ti = decision time required for each of the i events.

This is determined for the e ~rts associated with each NH.

2) Plot Total Decision Time Versus NH

A plot of the total decision time versus the number of
aircraft handled can be generated. I1f desired this plot can be a
family of curves for different automation levels, as shown in Figure
c-5.

3) Generate Number of Delays Required and Time Delsy
per Event

The number of aircraft delayed and the delay time imposed
per aircraft will be obtained from a matrix for each type of event.
The matrix will be as shown in Table C-5,

The elements of th2 r:.rix were to be obtained as es-
timates during the ARTCC data collection stage, as outlined in Appen-
dix D, using the Class D data collected during the observation periods
and information obtained concerning delays during the structured inteor-
view with the controllers. Average delay times imposed per aircrait
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Table C-5

MATRIX RELATING EVENT TYPE, NUMBER
OF AIRCRAFT DELAYED, AND DELAY TIME

Adrw o

whi

Number
of
Event | Aircraft | Delay Time Imposed
Type | Delayed | per Aircraft Delayed
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along with the number of aircraft delayed were to be calculated from
the Class B data. Information from the structured interviews was to
be used to relate the delay times and the number of aircraft delayed
to the various event types. (Due to time limitation the delay infor=-
i : mation data was not processed during the year of the study effort.)

A N

st

4) Determine Other Delay Parameters

The total nu.iber of aircraft delayed, the total delay
time imposed, and the average delay time imposed per aircraft delayed
will be calculated here. The total delay time imposed per hour can be
determined by summing up the delay time imposed for each event. There-
fore, the expression for the total delay time is

b e
[
oY b BB 8 e AT A B L Tebe A S ol Wszbidve

win S 0 L TR AT AL Gt

T =V EN.T 11

f L z; i1iDi an
- )
3 where §
3 . 7
. f {
2 Ti = total delay time imposed per hour :
3 Ei = expected number of i events é
th
Ni = number of aircraft delayed for each of the i events ‘

th
Tbi = delay time imposed per i event aircraft delayed.

These values will all be available from the matrix shown in Table C-5.

The total number of aircraft delayed can be determined
.from the following expression:

A = « N
i ;
where
AD = total number of aircraft delayed
Ei = expected number of i events
th
Ni = number of aircraft delayed for each of the i events,
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The average delay time imposed per aircraft delayed can be determined ;
from F
T =T /A ;
=T /A (13) %
where
TA = average delay time imposed per aircraft delayed
Ti = total delay time imposed
AD = total number of aircraft delayed.

5) Output i

The output from the DECISION portion of RECEP consists
of the total time required for decision-making, Eq. (10); the total
délay time imposed, Eq. (11); the total number of aircraft delayed, ,
Eq. (12); the average delay time imposed per aircraft delayed, Eq. (13); !

and the plot of decision time versus number of aircraft per hour passing
through the sector. '

c. CAPACITY

In Figure C-1 the last box represents the CAPACITY portion of
RECEP. A simple flow diagram of this portion is shown in Figure C-6.
The inputs required are:

¢ Sector traffic characteristics

- Tine period of observation (minutes)

= Number of aircraft entering sector during
observation period

~ Sector time history of each aircraft
during observation period

* Total ime required for decision-making for each
set of events associated with an NH'
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Total Time Required Sector Traffic
for Decision Making Characteristics

1 1

DETERMINE VALUES FOR THE OBSERVED AVERAGE NUMBER
OF AIRCRAFT HANDLED PER HOUR (NH), THE OBSERVED
INSTANTANEOUS PEAK NUMBER OF AIRCRAFT HANDLED (N},
AND THE AVERAGE TIME ON SECTOR FREQUENCY (Ts)
FROM ACTUAL OBSERVATION DATA

l

DETERMINE RELATIVE CAPACITY ESTIMATE
IF DECISION TIME IS LIMITING

OUTPUT:

AVERAGE NUMBER OF AIRCRAFT HANDLED PER HOUR.

THE INSTANTANEOUS PEAK NUMBER OF AIRCRAFT HANDLED.

AVERAGE TIME ON SECTOR FREQUENCY.

RELATIVE CAPACITY ESTIMATE WITH RESPECT TO DECISION
TIME.

Rl Y TIING  d TE oot CEL L SO 120D A 050 MO o] 98 i KL el 2N KR A bR ek L g

TA-8181-30

R g b

FIGURE C-6 CAPACITY FLOW DIAGRAM ' N

1) Determine Sector Parameter Values from Observation Data

Using the data obtained during the time period spent !
observing traffic flow, sector parameter values—=such as average number :
of aircraft handled per hour (NH)’ instantaneous peak number of air-
craft handled (N;), and sector time on frequency (Tg)--can be determined.

The values for the observed NH can be obtained from: ?
(AI + Ao)/Z
\ = 4
x\H 50 (14)

)
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where

NH = average number of aircraft handled per hour

AI = total number of alrcraft entering the sector
during the observation periaod
A = total number of aircraft leaving the sector

Y
o e aien vl
e R B A A p S Lpt s BT L L SR NN

during the observation period

Op = observation period (minutes).

bttt

YRR PR

A

A1, Ag, and O, can be tabulated from the data (called "Class B data")

collected at the sector of interest during the data coliection effort ;
outlined in Appendix D.

et

Also, from the data collected during the observation

period the highest instantaneocus peak number of airzraft handled can P
be tabulated for the sector. The average time op sector frequency can et
be determined by making a frequency of occurrence chart of the number Pt

of minutes each aircraft that passes through the sector is on the sector's
frequency {under sector control) during the observation period.

Using
this chart, the average time on sector frequency is

m
— 1
Ts == Z T, £, (15)

where
Ts = average time on the sector frequency per aircraft
n = total number of aircraft cbserved
m =

total number of different values obsgserved for aircraft
minutes on frequency

th
Ti = the 1 value of aircraft minutes on frequency
:1 = frequency of occurrence of Ti.

Also, the standard deviation associated with the average time on fre-
quency per aircraft is
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S =\/; E (Ti - Ts) fi (16)

where

Ss = standard deviation of average time on sector frequency per
aircraft

n = total number of aircraft observed

m = total number of different values observed for aircraft
minutes on frequency

th

T1 = the i value of aircraft minutes on frequency

Ts = average time on sector frequency per aircraft

fi = frequency of occcurrence of T, .

i

The average time on sector frequency per aircraft was chosen as the
parameter rather than the more conventional average sector transit

time because in our observations at the Oakland Center--before starting
the data taking effort--we observed that aircraft came under the control
of the cont:oller (or sector frequency) 10 to 20 miles before entering
the sector. Also, aircraft were asked to change frequency for control

by the next contiguous sector while still 10 to 20 miles away from the
next sector boundary.

2) Determine Relative Capacity Estimate

The relative capacity estimate with respect to the
controller's decision-making time requirement is a difficult number to
quantify, It can be inferred on a best estimate basis from observation,
interview, and analysis. Ry observing the controller under different
traffic loads, calculating the number of minutes spent in decision-
making for those loads, asking the controller his own essessment of how
busy he was, and asking the controller his own assessment of capacity,
one can eventually iterate to a value of relative capacity with respect
to decision time required. An analysis can be performed to determine
how sensitive the results or prediction are to the best estimate of
capacity relative to the controller's decision~making constraint.
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3) Output

The output from the CAPACITY portion of RECEP consists
of the average number of aircraft handled pes hour calculated from the
data taken during each observation period, the instantaneous peak
number of aircraft handled, the average time on sector frequency per

aireraft, and tne best estimate of capacity relative to the controller's
decision time requirement.
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Appendix D

DATA COLLECTICN AND MEASUREMENT TECHNIQUE
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Appendix D

DATA COLLECTION AND MEASUREMENT TECHNIQUE

1. Data Redquired

To calibrate and use RECEP to determine its feasibility, the in-
formation and data listed below had to be obtained from the center or
TRACON where the data collection takes place, The data and information
were categorized into three basic classes that were called A, B, and C,
described in the listing uelow. Because the information in each class
was acquired by differes: techuiaues, there are some items categorized
in the different class2s thit &se similar,

¢ Class A data~--need to know
- Objective

Related to ATC organization (7110-manual).

Related to facility management (operating manuals, letters
of agreement, and so on).

Related to controller,

R-controller tasks.

Changes in R-controller tasks as a function of the different
automation features,

Lines of authority and responsibility., A descriptive model
covering the personnel subsystem primarily concerned with
factors contributing to the controlilers' attitudes toward
their jobs. This includes the facility training procedure,

!

Sector characteristics
Boundaries
Airway route structures
Number of route intersections
Route flow rates and dJdirections
Degree of adherence to route structure

Number of peak load periods per day
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Time of day when peak loads occur 5

Duration of each peak load period.

s Class B data-~need to measure as a function of time

~ Aircraft related

Identification and type

Planned route and altitude
Sector entry handoff time
Sector entry handoff location
Cail-in time

Sector exit handoff time

b3
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H

Sector exit handoff location

Frequency change time and location

Other,

- Control instructions
Speed change
Altitude change
Heading change
Holding
Other,

- Controller requests

et B

Altitude indication

£ valy

Speed indication

Heading

L a iy sy

Other,

L plans p

- Status report (from pilot)

roi¥ige

Altitude
Speed
Heading

Other,
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-~ Pilot requests
Altitude change
Course deviation
Speed change
Other, ;

-~ Advisories
Traffic to IFR aircraft
Traffic to VFR aircraft
Weather
Other,

- Intercontroller liaison

YTy ATT I

Information pointout

Air space block

Clearance coordination

Flow control coordination
Coordination with contiguous sectors
Request for assistance

Other,

» Class C data
- Need to know

X List of judgmental factors

List of controller objectives,

~ Need to measure the time the following factors enter the con~
trollers' decision process, along with the judgmental factors
used:

When significant deviation perceived
Problem urgency priority

Situation assessment

Important situational measures considared

Situational ccntrol objectives
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Action alternatives considered

Other,

2. Field Data Collection Methodology

: Field data were collected in two phases. All efforts undertaken in
‘ Phase 1 were concerned with verifying the feasibility of the RECEP ap-

proach, Because of its location 1d accessibility, the Oakland ARTCC
was used for the data collection effort for Ph=zse 1I.

Phase 1I was concerned with trying to extend and/or generalize the
RECEP approach, As a part of this phase, measurements were taken at the
3 Chicago ARTCC “o determine if the epproach could be generalized to in-
clude facilities that handle large numbers of aircraft. Also, the FAA
awarded us an extension to this year's effort to undertake measurements
; in several terminal areas to determine if the approach can be extended
E to that type of facility., The terminal measurements are currently in
3 progress, After these measurements have been taken and analyzed, a sup-

plement to this final report, contairing the findings and results of this
k: work, will be issued,

The techniques and procerdures used in the two phases are described
below. Most of the information desired in Class A was obtained and com-
: piled from FAA and local facility official documents, reports, and notes.
3 Data are available at most of the centers from which one can ascertain
the sector characteristics included in Class A. Other route flow infor-~
; mation can also be obtained from the Class B data., The data desired in
R Class B were obtained by structured observations, at the center, and the

Class C data were obtained by structured interviews and "what-if-games"
with controllers from the center.

a. Selecting the Environrent to be Observed

; 1) Facility

On the basis of convenience of access, and prior acquaint-
ance with staff and operations, the Oakland ARTCC was chosen as the data
collection site for Phase 1. For Phase 11, on the basis of recommendation
v from personnel in FAA Air Traffic Services (ATS), the Chicago ARICC was
LA chosen as bLeing representative of a center thet handles a large number
of aircraft as welil as having some complex airspace structure,

i
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2) Sector

It was agreed that control operations woud be sampled in
airspace most likely to reflect system capacity in terms of responsive-
ness to user demand for the widest variety of services possible, within
the operating context of the selected facility. Oakland Center personnel
recommend High Altitude Sector 5 (now redesignated 42), on the grounds
of high overall density, complexity of airway structure, mix of civil and

military jet traffic, and prevalence of jet traffic transitioning to and
from high altitudes.

On the basis of recommendations from ATS and Chicago Center
personnel, the Bradford High Altitude, the Joliet High Altitude, and the
Papi Arrival sectors were selected for observations during Phase II,

3) Time Period for Observing Control Activity

In consultation with Oakland Center personnel, and con-
firmed by our own preliminary observation, two daily periods of peak
activity were identified in the chosen Oakland sector: 0800 to 1015 and
J100 to 1230, PST. The first was due principally to a concentration of
departing air carrier flights from San Francisco and San Jose, while the
second resulted from a concentration of arrivals. During the first
period, there was also a concentration of military training missions out-
bound from bases in the vicinity of Sector 42. During the 20 working dey
data collection period, the first 15 days were confined to collecting

data on the morning departure peak, while the last five were given ex-
clusively to the midday arrival peak.

4) Controller Personnel

It had been initially stipulated that control operations
would be observed under routine conditions; therefore, no special per-
sonnel requirements were levied on the controller staff manning Oakland
Sector 42. Records were kept of the qualification status of controllers
obgserved during data collection, but no controllers were selected for
special assignment to duty during observation periods.

The game procedure
was followed at the Chicago Center,
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b, Collecting the Data

1) Direct Observation of Control Actions

Two SRI staff members familjar with the structure of Oak- i
land Sector 42 and trained in air traific control procedures manually
tock time-annotated records of all communication transactlons involving
radar and handoff controllers at the sector working position. One SRI
observer concentrated exclusively on the radar controller and the other
on the handoff controller, by means of headsets plugged intc appropriate
Jacks., A sample of some of the data recorded is shown in Figure D-1,
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At the Chicago Center, since the radar controllers nearly
always also performed the handoff functions, one SR1 staff member was
used at each of the three sectors to record the transactions.

w

ot ZREDI Y e v

2)  Videotape Recording the Radar Display

While direct observation of control actions was occurring,
a scan~converted radar display identical to that used by the control team
was videotaped, accompanied with audio from the handoff controller's posi-
tion. For this purpose a seven-inch maintenance radarscope was photo-
graphed with a Sony AV~3400 camera and videotape recorder, with audio fed
“rom terminals in the interphone recording channel to the microphone in-
put of the videotape system,

L TR W TR UCRP TIPS PRG-I ST

During the observation period at the Chicago Center, the
video recording process used at the Oakland Center was used only on the
Joliet sector., This sector was chosen because it was a high altitude
transition sector, as was the Oakland 42 Sector. Since these two sectors
wvere somewhat similar, some rudimentary comparison and analysis of the
results could be performed.

3) ldentifying Situation for Interview

At the conclusion of a data collection period, the SRI i
observers analyzed their notes and the videotape for that period and |
chose from one to three complete episodes of control transactions for
possible interview. The criteria used by the SRI observers for selection
of situations was that the situations (1) permitted both antecedent and
consequent events to be identified and causal relationships to be in-
ferred (leading to estimates of decision-making time), and (2) furnished
insights into the significance of the judgmental factors postulated,
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1) Intorviowiqg¥Controllers

Both the radar and the handoff controllers (except in
Chicagy where the radar controller also porformed handoff) who had been
observed during a particular period were made available for a 4S-minute
interview, which started from one and one~half to two hours after the
observi tion poriod endod. Each of the situations previously selected
(us described above) was reconstructed by refexring both to tho observers’
notes und to the appropriate passages of the videotape., The fullowing
questions were asked of the radar controller: ¢

(1) Rogarding this particular traffic situation, when
did you first decide to take control action?

(2) Why did you choose to take the specific action you
did?

(3) What result did you expect from this particular
control action?

(4) What other actions could you have taken under the
circumstances? How would they have turned out?

(5) With respect to the action you did take, did it turn
out as expected? (That is, was it a good choice?)
Explain,

(6) What would have happened if you had lost air-ground
radio duscing this situation?

(7) What would have happened 1f you had lost radar during
this situation?

(8) What are the most significant prohlems «f
controlling aircraft in this sector?

With consent of the controllers, all inteirvicws were tape-
recorded, These recordings were subsequently reduced to written transe
criptions, which were analyzed to yield data revealing the decision
makiag processces operating in each critical incident,

5) Logging Flight Strip Data

By pre~rrangement, flight data strips for all aircraft
opernting in the secctor during the obsorvation periods were made available
to SRI observers., Those strips furnished data reflecting user demand on
the sector, such as true airspeed, altitudes, aircraft type and flight
identifier, times over navigational reference points, and the like,
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Appendix E

DATA REDUCTION AND RECEP PARAMETER DETERMINATION
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Appendix E 3

DATA REDUCTION AND RECEP PARAMETER DETERMINATION é i

As has been previously mentioned, data were collected «nd measurements ‘ %

taken at a high altitude transition sector in the Oakland ARTCC to deter-

mine the feasibility and the adequacy of the RECEP approach., This porticn .
of the project was considered to be Phase 1. During Phase II, data and ;
measurements were taken at three sectors in the Chicago ARTCC to try to

i

i

extend and/or generalize the RECEP approach, E
i

t

AR YRS Ll 2B g W bt T

The sectors where observations and measurements were taken were:

¢ Oakland ARTCC Sector 42 (formerly High 5)
¢ Chicugo ARTCC Bradford High Altitude Sector )
¢ Chicago ARTCC Joliet High Altitude Sector :

¢ Chicago ARTCC Papi Arrival Sector (low altitude).

1. Oakland ARTCC Sector 42 (HS5)

a. Brief Sector Description

Figure E-1 shows a drawing of the major air routes with the
primary altitudes used on each air route for the Oakland Sector 42,
can be seen, the major jet airways used in the sector are:

As

T P LT R R ATy

s J84 for outbound eastward

(RAREE

o The vicinity of J80 for inbound to the bay area

A e M

' ¢ J5 for crossing traffic from Reno to Los Angeles and vice
versa

e

e J65 between Sacramento and Fresno,

Two major military air routes are indicated by the two dashed lines, The
traffic on J84 enters the sector climbing to 24,000 feet and usually con-
tinues climbing until reaching one of the three cruising altitudes of
29,000, 33,000, or 37,000. Since this traffic is usually below the
traffic on J65 and the MIL1 military route, there are usually no potential
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POTENTIAL CONFLICT POINTS

intersection conflicts between these routes. However, potential con-
flicts exist between the traffic on J84 and (1) the military traffic on
the route designated as MIL2 and (2) the traffic on J5 that is at
33,000 and 37,000 feet. These potential conflict poiuts are indicated
by Circles 1 and 2 in Figure E-1, All the traffic in the vicinity of
J80 going to the Bay Area airports (San Francisco, Oakland, San Jose)
must descend to 24,000 feet and be put in trail for final sequencing and

spacing., As irdicated by Circles 3 and 4, the J80 traffic has potential
conflict points with both J5 traffic and MIL2 traffic.

b, Traffic and Sector Parameter Determination

Table E~1 gives the breakdown of aircraft type observed during
our deta collection effort. Although the controlliers indicated that
there was some difference in control action that must be taken when
handling the high performance general aviation type as compared to the
air carriers, we did not have a large enough sample size to detect this
difference. Consequently, for this analysis the breakdown of aircraft
type was made between military and nonmilitary aircraft, with the air

carrier and high performance general aviation types making up the
nonmilitary class.
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Table E-1

OAKLAND H5 SECTOR AIRCRAFT TYPE SUMMARY

Totals Percentnge

Number of
observation
periods 19 n.a.

Observation
time (hours) 24.72 n.a,

Number of
military
aircraft 160 22,2%

Number of
air carriers 535 75.2

Number of
high performance
general aviation

aircraft 18 2.6
Number of

nonmilitary

aircraft 553 77.8

n.a, = not applicable.

] From the data we find that about 40 peércent of the military
aircraft was on the airways and the remaining 60 percent was about

evenly divided between the two major military routes, MIL1 and MIL2,

Table E-2 shows the distribution of the nonmilitary aircraft on the dif-
ferent sector routes for the morning peak, the noon peak, and for a com-
posite of the two, Since RECEP has not yet been programmed for a com-
puter, all of the calculations were performed manually. Since this is a
rather time consuming process, the complete process could not be performed
for all three breakdowns, So, in all cases where there was a choice, the
composite breakdown was used for this analysis.

Tables E-3 through E-6 show the altitude distribution of air-
craft on J84, J80, J5, and J65, respectively. The asterisk indicates
the altitudes for each route that were used in the RECEP analysis,
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. Table E-2 |
3 )
§ DISTRIBUTION OF NONMILITARY AIRCRAFT ON SECTOR ROUTES
h [
] I
S Route Morning Peak Noon Peak Composite .
i — v
i Total | Percentage |Total |Percentage |[Total | Percentage ' 3
J84 | 202 56% 65 34% 267 43% :
5 J5 74 20 15 8 89 16
J80 70 19 105 55 175 32
J65 | _18 5 5 3 23 4
5 Total | 364 100% 190 100% 554 100%
Table E-2
% ALTITUDE DISTRIBUTION OF AJRCRAFT ON J84
J
Altitude Morning Peak Noon Peak Composite
Total Percentage Total | Percentage | Total PercentaggJ
270 1 1% 3 5% 4 1%
*
290 25 12 1 1 26 10
*
330 55 27 22 34 77 29
%
370 119 59 39 60 158 59
410 2 1 0 0 2 1
Total 202 100% 65 100% 267 100%
These altitudes were used in the RECEP analysis,
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Table E~4

ALTITUDE DISTRIBUTION OF AIRCRAFT ON J80

Altitude Morning Peak Noon Peak Compusite :
Total | Percentage | Total Percentgggﬁ Total Percentggg_ 8
‘ 280 0 0% 4 4% 4 2% g
g 310* 28 40 20 19 48 27 ;
% 350* 30 43 43 41 73 42 %
% 390" 9 13 37 35 46 26 ;
§ 410 2 3 1 1 3 2 :
430 1 1 _0 0 1 1
‘ Total 70 100% 105 100% 175 100%

These altitudes were used in the RECEP analysis.

T Y T T S T T AT

Table E~5 :

ALTITUDE DISTRIBUTION OF AIRCRAFT ON J5

Tl AR A A T A LA e 5 S50 e IR e SR LR SE AN 00 et T A e S

3

g Altitude Tof::nigirzzzzage Tota?oo:ei§::ta§e TotaiomSZ:izzgggg_

: 240 1 1% 0 0% 1 1%

: 250 1 1 0 0 1 1 i
; 260" 12 16 1 7 13 15 §
é 270 0 0 3 20 3 3 %
; 280" 6 8 4 27 10 11 ?
‘ 290 3 4 2 13 5 6 ?
g 310 5 7 0 0 5 6 3 3
g 330" 9 12 2 13 11 12 4
é 370" 21 28 3 20 24 27 g
L‘ a0 1 | 2 | o| o | | a8
: Total | 74 99% 15 100% 89 100% g

T

These altitudes were used in the RECEP analysis.
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Table E-6 e

E

: ALTITUDE DISTRIBUTION OF AIRCRAFT ON J65 é
s . A
: P
3 k ; 5
1 ; Altitude Morni:g Pea Noon Peak Composite | ]
é Total ercentage |Total |Percentage | Total |Percentage . ¢
: 280 1 5% 1 20% 2 9% ;
3 290 1 5 0 0 1 4 ; ;
3 .
: 330 1 5 0 0 1 4 P
] * i
4 350 3 17 3 60 6 26 :
i * :
3 390 10 56 1 20 11 48 : 3
: 4
3 410 2 11 0 0 2 9 3
: Total | 18 99% 5 100% 23 100% :
1 These altitudes were used in the RECEP analysis, ;

RS T

Tables E-7 through E-9 show the distribution of TAS (true air 5
speed) on JB84, J80, and J5 respectively, For J65 the most frequently j
used TAS was 460 knots, and for MIL1 and MIL2 it was 450 knots., Since
the number of aircraft observed on those routes was too small to get a

good distribution, the values for the most frequently used TAS were used
: in the analysis,

2 SO

O )

c, Determination of Parameters for E E

and E
PR’ "Ns’ Esc’

TS

3 To determine the value of the constants required in the ex-
i pressions given in Appendix C for EPR’ the expected number of pilot re-~
3 quests; ENS’ the expected number of nonstandard contiguous sector re-
quests; Eg,, the expected number of sector coordinations; and E,g» the
expected number of controller traffic structuring and workload manage-
ment events, a summary was made of all of those types of events along
with the total number of aircraft observed during the total data col-
lection effort. These values are shown in Table E-10, (For this par-

ticular sector, ENS is used synonymously with a pointout event,) Taking
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Table E-7

DISTRIBUTION OF TRUE AiR SPEED OF AIRCRAFT ON J84

L R iaa i R M < i 4 S A LSt

Speed

Average Speed

KNI AU F g
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| ae

RSl AL G fo it

o

MR, N 34 reSeTm e

W

Altitude (knots) Percentage (knots)
290 470 15%
490 85
485
330 465 15
475 25
485 60
480
370 460 40
475 50
485 10
470
Table E-8

DISTRIBUTION OF TRUE AIR SPEED OF AIRCRAFT ON J80

Speed

Average Speed

Altitude (knots) Percentage (knots)
310 465 15%
475 60
485 25
475
350 465 20
475 45
185 35
475
390 455 30
455 15
475 55
470
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Table E-9
.
DISTRIBUTION OF TRUE AIR SPEED OF AIRCRAFT ON J5
:
3
-

Speed Average Speed
A ! i t p
i Altitude (knots) ercentage (knots) | 1
260 470 100% i 5
- 470 : g
4 i o
] 230 410 25 ; ]
: 140 25 : b
E i § g
1 149 25 : §
! ‘ :
3 490 25 , 5
E 450 - A
n i
S b
330 475 100 i
1 475 3
;o 1
o 370 157 70 :‘;
% 490 30 2
;- 465 5
A 2
3 3
> 410 457 80 ; 3
4 ! E:
3 475 20 ; g
3 460 '

the average of each of these components yields the constants for each of :
the above mentioned expressions. Hence:

i
-
-]
b4l
il
E)
3
3
EY
3
1
!
N
4
%
%
:
=
1
2
4
!
<
3
M1
i

K1 [see Eq. (5) in Appendix C] = 0,1
K2 [see Eq. (6) in Appendix C] = 0.3
K, [see Ea. (7) in Appendix C] = 0.4 }
54
K4 [see Eq. (9) in Appendix C! = 6 :
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. Table E-10

3 ’ EVENT DATA SUMMARY :
Total Number o

of Events {

é Observation periods 19 é

: Traffic structuring eveuts 4,228 i

i Pilot requests 90 ;

; Sector coordinations 252 ]

Pointouts 201 ;

3 ;

: Aircraft handled 713 ;

: d. Decision-Making Times for Each Event Type

Recall that it was previously stated that the concern here
was to determine the decision-making time required for each type nf

event, when the controller was operating at or near capacity. The
following factors were attendant to this data collection effort:

There were no controllable variables.

TR

There were insufficient data to get 2 complete distribution
of the decision-making time required for each type of event.

The average number of aircraft per hour through the sector
varied between 20 and 30 during the data collection effort.

TR T AT A T e T

Ter

It was decided that using the minimum observed decision time required
for each type of event would provide the best estimate of this parameter

for the situation when the controller was operating at or near capacity
for some sustained period of time,

Table 2~11 shows the breakdown of the number and type of po-
tential crossing and overtake situations that were selected for controller
interviews (as described in Appendix D)., The minimum decision-making
time required for each of the types of events was obtained in the fol-
lowing manner, The interview was usually started by replaying on the
monitor the actual traffic situation when the controller issued an in-
struction that signified the end of a decision (i.e., a speed restriction,

o A

RS TN
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Table E-11

NUMBER OF POTENTIAL TRAFFIC SITUATION TYPES
SELECTED FOR CONTROLLER INTERVIEWS

Tyvpe Number
Overtaking
Level 4
Climbing 4 ;
vescending (in- :
cluding sequencing) 1 p
Total overtakes 9 ﬁ
Crossing
Level/level 3
Level,/climbing 13
Level/descending 3
Climbing/climbing 2
Descending/descending 1
Descending/climbing 2
Total crossings 24 ‘
Total, all types 33

an intermediate altitude clearance, a vector to parallel traffic, and so
on) as described in Appendix D. Since the time that this control instruc~
tion was issued was already recorded, the time associated with the end

of the decision-making process was known, During the course of the
interview the video playback was used along with questioning of the con-
troller to determine when he first became aware that this situation wouid
require some decision on his puart, This, along with the recorded notes,
yielded the time that the decision-making process started; hence, the
decision-making time was the elapsed time letween this point and the
issuance of the control instruction, Although this seems to be a simple
way of measuring the time period, in reality there are some difficulties.
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For example, at the Oal land Center, some of the time the controller be-
came aware of a potential situation as soon as a handoff was made to him
of an aircraft entering his sector. Although the controller might have
decided what he was going to do, he could no! issue the control instruc-
tion that signified the end of the decision until the aircraft of in-
‘terest called in on the sector frequency. Sometimes this could mean an
elapsed time of three to four minutes, even though the actual decision
time was somewhat less, However, in these interviews, when this type of
decision was observed, the controller was asked when he had actually
made the decision and whet process he went through that related to his
decision while he was waiting for the aircraft to come on the sector's
frequency. Other than by these questions, continuing "follow-up" sur-

veillance was not investigated per se--further decisions that may have
been required were treated separately.

Using the approach outlined above, the minimum required
decision-making time for a potential overtake or crossing event was
found to be one minute., From the interview with the controller, there
was some indication that there were instances when some of the times
could be less than this; however, this was the resolution of our time
recordings and it was used in the analysis.

The decision time required for other types of events was de-
termined by using a stopwatch with several of the videotapes showing
the events to determine the minimum times,

Table E~12 shows the minimum decision times observed and used
in RECEP. These times are for the Level I system that is described in
Appendix C, along with the operating judgmental factors described in
Appendices A and B, The decision times determined in the following para-
graphs for Levels II, I1I, and IV are obtained by assuming that the same
judgmental factors will be operating,

The Level 11 system as described in Appendix C is not too
different-~in terms of the decisions required of the controller~-from
Level ¥, The human controller still has full responsibility for making
and implementing ATC decisions. Assistance in the organization and
presentation of information is provided by the computer., The important
information with regard to decision~making provided by the computer is
the zlphanumeric tag with the associated altitude information and the
availability of aircraft speed information, From our observation of con-
trollers in action, from extensive controller interviews, and from the
tables given in Appendix C (that describe in detail how the assumed
system functions and how operational policies will affect controlier
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Table E-12 3
%
4
EVENTS AND MINIMUM DECISION TIMES: LEVEL 1 %
Events Level I % §
Minimum Decision Time E
4
Potential conflict 1 minute per event i :
Intersection é :
Level/level E
Transitioning/level :
Transitioning/ ?
transitioning .
Handoff 6 seconds per handoff f
Pointout 12 seconds per pointout
Coordination 6 seconds per coordination
Request
Information
Pilot request 5 seconds per request %
i
]
Traffic structuring and §
workload management S seconds per event .

decisions) we were able to determine how these factors will affect the
decision times associated with the Level I system. Briefly the effect
will be as follows.

For a potential overtake or crossing conflict under the present
(Level 1) system, because of the lack of up-to-date altitude and/or speed
information on the aircraft involved, the controller often must wait
during the decision-making period for a scan of the display strobe for
information update before completing his decision-making. Hence, with
the availability of the up-to-date aircraft altitude information and
with the immediate accessibility to accurate speed information, the
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decision time will be reduced by at least one strobe scan. Since there
are six scans per minute, the reduction for this type of event was as-
sumed to be a minimum of ten seconds.

Also, on the average at least one of the traffic structuring
and workload management events was an altitude request from the controller.
With the availability of the accurate altitude information with the alpha-
numeric tag, the average number of this type of event per aircraft can be

reduced from six to five., Table E-13 shows the events and decision times
used for the Level Il system,

Table E-13

EVENTS AND MINIMUM DECISION TIMES: LEVEL Il

Events Level 11

Number of Events | Minimum Decision Time
Potential conflict * 50 seconds per event
Handoff * Same as Level 1
Pointout * Same as Level 1
Coordination * Same as Level 1
Pilot request * Same as Level 1
Traffic structure and
workload management 5 per aircraft Same as Level 1

The same as would be calculated for Level 1.

Although the Level 111 system as described in Appendix C will
be significantly more automated than the previous two systems, the con-~
troller will still be in control and will be pacing the flow of the
traffic. Changes in the controller's decision time and function will re-
sult mostly from the conflict alert indication and the computer-assisted

spacing, metering, and sequencing. These will affect the decision times
in the following manner.

From our observation of the controllers in action, and from the
interviews, it was determined that due to the lack of precise information
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on aircraft, the inaccuracy of unaided human prediction capability, and
so on, the major portion of the decisiun time for a potential crossing
or overtake conflict was taken up by the controller trying to assess if g
the potential conflict would really occur if no action was taken, In ;
terms of the decision model presented in Appendix A, these steps coincide
1 with the Deviation Recognition and Situation Assessment phases of the
decision process. (As soon a3 these two phases of the decision process
were completed, the "action selection” part was accomplished very quickly
by the controllers. These {actors are discussed in more detail in

Volume I.) Hence, with the assistance of the computer in conflict alert
: indication, most of the time spent on the decision process for these
types of events will no longer be required of the controller, Most of

? the controller's time will then be spent in reviewing the computer-

i generated recommended actions to determine if they coincide with what he
thinks, Since this phase (action selection) of the decision process
takes a short time, and since there are not a great many different alter-
native solutions for each potential conflict situation, we use a value of
ten seconds for this decision time, i :
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Since a lot of the traffic structuring and workload management
function of the controller will be performed by the computer, most of his , ;
time will be spent reviewing recommended actions. We assumed that these [ ;
decisions will require only half the time that is vequired in Level I,

RS 4 T e

For the other types of events, let us assume that there are two
Level 111 systems, I1Ia and 1Il1b., The difference between these two systems

is as follows:

AR L

Level II1la is as described in Appendix C, except that it is as-
sumed that the traffic in some areas is still so unstructured
that intersector voice communications are still required be-
tween controllers for coordination, Hence, pointouts, coordina-
tion, and handoffs will be handled basically as in Level I and

Level II.

A L kTN AL o

R

Level II1Ib is a system where the traffic is sufficiently
structured that no voice coordination is required between con-
trollers. Hence, the complete automated handoff will be in
effect, and the only time required will be the amount of time
associated with the controller's acknowledgment of a handoff and
other required duties for this function,

T

L i A

i

Tables E-14 and E-15 show the events and decision times related
to the Level IIla and Level IIIb systems respectively, The decision times
for these systems as described here were used in the analysis as outlined

in Volume 1,
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Table E-14

EVENTS AND MINIMUM DECISION TIMES: LEVEL I1Ila

di é
= Events Level I1la i
§ Number of Events |Minimum Decision Time i
E Potential conflicts * 10 seconds per event %
% Handoffs * Same as Level 1 i
: Pointout * Same as Level 1 ;
i Coordination * Same as Level I é
% Pilot request * Same as Level I %
é Traffic structure and 2
3 workload management 5 per aircraft Same as Level 1 4
. ¢
4 The same as would be calculated for Level 1. ;
1 Table E-~15

EVENTS AND MINIMUM DECISION TIMES: LEVEL IIIb

Events Level 11Ib
¢ Number of Events | Minimum Decision Time

Potential conflicts *

10 seconds per event

Handoffs * 3 seconds per handoff

Traffic structure and
workload management 5 per aircraft

1 S TR ol S0 i 474 o

Same as Level 1

Lo

The same as would be calculated for i.evel I.

ok L4
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2, Chicago ARTCC Bradford High Altitude Sector

a. Brief Sector Description

Figure E-2 shows a drawing of the major air routes, and the
primary altitudes used on each, for the Chicago Bradford High Altitude
sector, As can be seen, the major jet airways used in the sector are:

J64 for eastbound overs and arrivals into O'Hare

J18 for eastbound and westbound overs and arrivals into
O'Hare

J105 for arrivals into O'Hare

IOW-BDF for eastboungd overs

ORD-BDF for departures from O'Hare for J18,

The primary altitudes used on each of these routes are indi-
cated in Figure E~2, As can be seen, this sector has only one major
potential conflict point. This point is located at BDF, which is the
point where all of the primary routes used in the sector intersect.
This potential conflict point is indicated by the circle in the figure,
There are potential level intersection conflicts between the traffic on

J64 and J18, J64 and IOW-BDF, J18 (westbound) and the traffic merging
from O'Hare, and J18 and 10W-BDF. There are potential intersection con-~
flicts between traffic descending on J64 and traffic level on J64, traf-

fic descending on J18 and traffic level on J18, traffic climbing from
O'Hare and traffic level on J18 (westbound). There are potential con-
flicts between traffic descending on J64 and J18, J64 and J105, and J18

and J105, Also there are the potential overtake conflicts on nearly all
the routes,

b. Traffic and Sector Parameter Determination

Table E .3 shows the breakdown of the types of aircraft ob-
served during the data collection effort,

Since we have not quantita-
tively detected a difference in the control procedure used for air car-

riers as compared to that used for high performaice general aviation, and
since there was such a small amount of military traffic (5 percent) in

the analysis of this sector, all aircraft were trea ad as if they were
air carriers,

The distribution of the traffic on the different routes used
in the sector is given in Table E~17,
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ROUTE ALTITUDES
i EASTBOUND WESTBOUND
] Jo4 FL410
! FL370
‘ FL330
‘ J64-BDF FL370 ‘
: (ORD) FLazp ¢ Flaeo |
;- }
na FLA10 FL350 L
] FL37o FL310 |
: FL330 FL280 )
; FL290 |
{
418-BDF FL370 |
(ORD) FL330 1 FL240 !
A F1.290 |
" J105 FL370
FL330 l FL240
FL290
IOW-BDF FLE10
FL370
FL330
A
ORD-BDF FLa%0 ;
FL240 f FL310
FL280
TA-8181-32

FIGURE E-2 CHICAGO ARTCC BRADFORD HIGH ALTITUDE SECTOR MAP: PRIMARY
ROUTES, ALTITUDES, AND POTENTIAL CONFLICT POINT
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é Table E-~16 %

: CHICAGO BRADFORD SECTOR AIRCRAFT TYPE SUMMARY z

3 b

% Totals | Percentage i

5 ] ! 3

3 Number of f :
observation N l E
periods 5 n.a. ' :

' Observation N ' ,

4 time (hours) 7.6 n.a, ‘

: Number of f

] aircraft 237 100% ;

: 3

4 Number of :

4 air carriers 210 89 .

; Number of

3 high performance

] general aviation

. aircraft 14 6

; Number of

3 military

1 aircraft 13 5

] "

: n.a, = not applicable,

1

Tables E-18 and E~19 show the distributions of altitudes on
the major routes used in the sector for eastbound and westbound traffic
respectively,

The distributions of the true air speed of the aircraft on the
major routes for eastbound and westbound flows are shown in Tables E-20
and E-21,

c. Determination of Parameters for E E sc’ and E

PR’ "NS’ E TS

A summary was made of the total number of pilot requests and
the traffic structuring events to determine the values of the constants
required in the expressions for EPR’ the expected number of pilot
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S Table E-18 ?
; , DISTRIBUTION OF ALTITUDES ON MAJOR TRAFFIC RCUTES: EASTBOUND E
? : (a) Number of Aircraft as a Percentage of Total Entering Each Route
4
: escen 7
{ Route iiiilllt l:t: ORg) Overs §
1 Entry | Exit | Entry | Exit ki
E In J64 through BDF 240 <% | 36% | --% -<% g
E | 200 -— | e | -- - %
g x 330 11 - 7 10 §
- 370 25 | -~ | 35 30 g
g ; 410 -— | -= | 22 24 §
a Total 36% | 36% | 64% | 64% ;
3 :
i f In J18 through BDF 240 ~~%| 57%| =-~% | --% %
290 14 | - | 8 8 ~‘
% ; 330 20 - 6 ] g
g 370 23 | -~ | 23 | 23 :
& w0 | = | =] 6| 6
} ; Total 57% | 57% | 43% 43% %
i
g In J105 through BDF | 240 -=% |100% | -~% | --% é
] 290 7| - | -- -- é
330 50 | ~= | == | -- i
: } 370 43 | -= | -- -- %
2 40 4 o = f ;
; Total 100% | 100% %
L From IOW through BDF { 240 -~%| 20%| --% -=% %
] 290 20 | -~ | -- - ;
330 - | == | 10 10 %
370 — | == | 50 50 i
410 -- | -= | 20 20 5

Total 20% | 20%| 80% 80%
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Table E~-18

: DISTRIBUTION OF ALTITUDES ON MAJOR TRAFFIC ROUTES: EASTBOUND
a ; (a) Number of Aircraft as a Percentage of Total Entering Each Route
2 en
é Route ziizl;t ]::ECORS) Overs
3 Entry |Exit | Entry | Exit
In J64 through BDF 240 -~%| 36% | --% ~<%
| 290 — ] -] - -

é 330 11 - 7 10 .
;| 370 25 | -- | 35 30 :
? é 410 - -~ 22 24
: | Total 36% | 36% | 64% | 64%

k : In J18 through BDF 240 -=%| 51% | =--% -=%

<90 14 - 8 8

330 20 | == 6 6
E; 370 23 - 23 23 %
410 = | == 6 6
E Total 57% | 57% | 43% 43% &
] 3
In J105 through BDF | 240 --% {100% | -<% | --%
290 7| - | -- --
330 50 | -- | -- --
370 43 - -- - S
a0} = =] - | - 3
: Total 100% | 100% 3
‘“ From IOW through BDF | 240 -=%| 20%| --% --% )
290 20 - -- - g
330 e B B U 10 %
370 - -~ 50 50 ;
410 - | == | 20 20 ;
Total 20% | 20%| 80% 80% ,
130 ‘

4
L
b
3
>
d
i
g
i‘
o




Table E-18 (Concluded)
3 (b) Number of Alrcraft as a Percentage of Total Exiting Each Route

| Descend 3
: J Flight Over ;
3 ‘ Route Levzl (to ORD) s £
3 Entry | Exit |Entry [Exit L
o "
! Through BDF out J64 240 -~% -% | =% =% g
290 - — | 15 15 %
330 - - | n 11 i
370 -- — | 48 44 g
, 410 - -~ | 26 30 §
R
; Total 100% | 100% 3
3
Through BDF out J18 240 -% -% | =% -% ; §
: 290 - -— | - - E
- g
; 330 - - | 16 20 :
4 T
: 370 -- -- | s2 48 3
3 *
- a0 | - | - |32 | 3 :
j Total 100% | 100% i
1 Through BDF out ORD | 200 | % |100% | -% | --% ;
3
3 290 14 - | -- - ;
:
3 330 30 -— | -- - 3
A §
; 370 50 -— | -- - 5
:{%
410 - e | - - :
100% | 100% ! 3
3 2
3 i
g ;

3
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Table E-19 .
DISTRIBUTION OF ALTITUDES ON MAJOR TRAFFIC ROUTES: WESTBOUND i
i (a) Number of Aircraft as a Percentage of Total Entering Each Route i
” o
Route iiii?t (f rcc);i:)nRD) Overs %
3 Entry | Exit |Entry | Exit p
% From ORD through BDF | 240 54% =% | =-=% -=% :
260 12 — | -- - ;
3 280 21 8 | -- - :
310 13 59 | -- -- ;
350 - 33 - - 5
390 | -- | -= = - - i
1
3 Total 100% | 100% d
* In J18 through BDF 240 g | -] —-q | -9 j
260 | - | ~-- | - | -- |
280 | w= | == | == | -
30 | -- | - |12 | 12
350 - -- | 88 88
3 390 - o e
Total 100% | 100%
|
:
E
i 132 ‘
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Table E~19 (concluded)

4
i
]
4
E]
3
3
3
p
3
¥
H
X

3 : (b) Number of Aircraft as a Percentage of Total Exiting Each Route E
i Route iiii?t (frgilggb) Overs
3 Entry | Exit | Entry | Exit
i Through BDF out J18 240 47% -<% | =-~% ~<%
260 10 -] - --
280 18 7 | -- --
' stl0 | 11 | s0 | -- 3
350 | -- |2 |14 | 1
] 390 - -— | -- -
] Total 86n | 86% | 147 | 14%

requests, and ETS’ the expected number of controller traffic structuring
and workload management events., This summary is given in Table E-22,
Only a small portion of the pointouts and sector coordination was per-
formed via the interphone system. Most of these types of events were
performed informally and verbally between controllers and coordinators.,
We were not prepared to conveniently record the verbal exchange, Conse-
quently we did not get an accurate record of these types of events; such
a record would have aided in determining the values of the constants for

: E and E_,
3 NS SC

R b iy o el ¢ i tied )

S

d. Decision-Making Times for Each Event Type

Formal controller interviews to determine decision-making times .
were performed only on situations that were video recorded at the Joliet 3
sector during this data collection effort., Since we were at the Chicago 1
Center for only five days of observation, and could only get at most five
situations for controller interview, it was decided that we should per-
form the interviews on one sector only. The Joliet sector was selected
because it was the one most similar to the Qakland Sector 42, In addi-
tion to the formal interviews, we talked informally, when convenient,
with the various controllers that had been monitored to find out if
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Table E=-20
DISTRIBUTIONS OF TRUE AIR SPEED PER FLIGHT LEVEL ON VARIOUS ROUTES: EASTBOUND
(a) Eastbound Entry
Entry | Average True Air Speed
Route Flight Speed (knots)
Level (knots) | 450 |455 | 160 | 465! 470] 475 180 { 485 | 490 [ 495 L§00
I
EB overs, 330 470 % % | 29% %| 14%] 43% el 14% % % )
enter into J64 376 175 17 21 12 |17 |29 | 4
410 470 6 6 38 19 13 6 6 6
EB descent (to ORD), 330 175 112 12 12 | 64
enter into J64 370 470 12 41 {13 | 19 6 | s
EB overs, 290 490 h 00
enter into J18 330 475 33 31 a3
370 175 11 34 22 11 11 20 11
410 465 50 50
EB descent (t¢ ORD), 290 195 17 33 50
enter into J18 530 180 10 | 80 |10
370 470 18 18 9 28 18 9
EB descent (to ORD), 290 180 100
enter into J105 330 180 14 14 72
370 180 25 75
EB overs, 330 475 100
enter from 10V 370 180 25 | 25 | 25 25
110 170 67 33
EB descent (to OKD), 290 170 100
enter from IOW
»
(b) Eastbound Exit
Entry | Average True Air Speed
Route Flight | Speed (knots)
Level (knots) | 150 { 155 [ 160 | 165 | 170 | 175 i80 | 185 | 190 |495 1500
EB descent, exit to 290 185 % % Sl 11 <l 22% T 122% i ISJQ
ORD, enter from J61, | 4., 180 vl otz b2 g
J18, J105, and IOW
370 175 6 6 6 27 19 27 6 3
»

For euastbound exits on Ji8 and J61, sce Joliet sector entries, Paragraph 3.
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Table E-21

DISTRIBUTION OF TRUE AIR SPEED PER FLIGHT LEVEL ON VARIOUS ROUTES: WESTBOUND

*
{a) Westbound Enyry

3
b
3
P: E
: 5
3 4
E Entry |Average True Air Speed j
3 Route Flight | Speed (knots) §
3 Level (knots) | 455 | 460 [465 | 470 |475| 480 | 485 ] 190 | 195 g
3 WB overs, 310 180 a1 %] %] %| %oor| 2| | % i
3 i 5
enter into JI8 | .5, 475 16 16 68
: * 2
q For westbound entries from ORD, see westbound exits out J18. :
s
] (b) westbound Exit H
3 Exit Average True Air Speed E
4 Route Flight | Speed (knots) i
Level (knots) | 455 | 460 | 165 | 170 | 475 48041185 490 | 495 “
4 WB climb 280 490 Sl %) % %] % %] %100%| % .
8 from ORD )
3 ’ 310 0 7 8 | 46 |31
2 exit out J18 8 8
- 350 475 11 |11 45 | 22 11 :
F
3 WB overs, 350 480 100 i
1 exit out J18 :
» e
3 H
4 Table E-22
] EVENT DATA SUMMARY
2 Total Number of:
Traff
4 Obsgervation Str:Ztui:n Pilot Aircraft 3
2 Periods 8 Requests | Handled 3
3 Events ;
* £
5 1,625 85 237 3
i ’fg
* This number is somewhat higher than usual because i
one of the major VORs went out during one of the g
cbservation periods resulting in more pilot requests. 3
:
1 135 .
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their methods of coatrol were markedly different from what had been ob-

served and described to us at the Oakland Center, We neither found nor

observed any major differences. Therefore, the decision-making time for
each event determined at Oakland seems to be valid at Chicago,

3. Chicggp ARTCC Joliet H;gp Altitudz Sector

a. Brief Sector Description

Figure E-3 shows a drawing of the major 2ir routes, with the
primary altitudes used on each, for the Chicago Joliet High Altitude
Sector, As can be seen, the major jet airways used in the sectors are:

e J64 for easthounds
e J60 for eastbounds

e J18 for eastbounds

J101 for overs and arrivals to O'Hare and Milwaukee

ORD-RBS for departures from O'Hare

s J99 for departures from O‘'Hare.

The primary altitudes used on each of these routes are shown in the
figure. As can be seen, this sector has only one major potential con-
flict point. This point is located at the JOT (Joliet) fix, which is
the point where J60, J18, and J101 intersect; it is indicated by the
circle labeled 1 in the figure, The only potential intersection conflict
at this point is between the traffic at 41,000, 37,000, and 33,000 feet

on J60 and J18. There are potential overtake conflicts on nearly all of
the routes,

b, Traffic and Sector Parameter Determination

The sumuary of the types of aircraft observed during the data
collection effort is shown in Table E-23. Table E~24 shows the distribu-
tion of the traffic on the different routes used in this sector. The
distribution of altitudes on these routes is shown in Table E-~25,

Tables E~26 through E-33 show the distribution of true air speed of the
aircraft on the routes.
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ROUTES, ALTITUDES, AND POTENTIAL CONFLICT POINT

. Determination of Para rg for E E E E
c te at of Parameters for e’ Ens’ Esc’ and 'S

The same procedures, handicaps, and conclusions that were pre-
viously presented for the Chicago Bradford Sector apply here for these

parameters. Table E-34 gives a summary of the events observed for this
sector,

d. Decision-Making Time for Each Type of Event

The same procedures and guidelines used for ohtaining the
decision-making times at the Oakland ARTCC were also applied here.
Table E-35 shows a breakdown of the number and type of situations that
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Table E-23

CHICAGO JOLIET SECTOR AIRCRAFT TYPE SUMMARY

Totals | Percentage

Number of
observation
periods 5 *

Observation
time (hours) 6.02 n.a.*

Number of
aircraft 199 100%

Number of
air carriers 162 81

Number of

high performance
general aviation
aircraft 22 11

Number of
military
aircraft 15 8

* n.a. = not applicable,

were selected for controller interviews, The interviews were augmented

by informal discussions with most of the controliers observed to deter-

mine if the information obtained in the formal procedures seemed to indi-

cate the routine control approach, These informal discussions not only

strongly supported the information obtained in the formal interview but

also revealed that the basic control approach did not differ much from
that used in the Oakland ARTCC.

The minimum decision-making times were obtained in the same
manner as in the Oakland effort and were found to be close enough that
no modifications to those values were required for RECEP,
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Table E-24

DISTRIBUTION OF AIRCRAFT ON SECTOR ROUTES

Abrda ratlia’s Lk 22

o
ooty D e

[

] Number of | Percentage z
/ : Route Aircraft of Total ;
; J18-JOT 44 33%
; J146-JOT 24 18 :
: JOT-146 39 29

! JOT-J60 29 22
J64 20 15
J101 15 11 :‘
% I RBS 12 9

; J99 15 11

i Other _5 4

3 Total 135 100%

A discussion of some of the information obtained from these
interviews along with a comparison with information from the Oakland
; interviews is presented in Volume I,

ke e W e

VIRET

4, Chicago ARTCC Papi Arrival Sector

a., Brief Sector Description

Figure E-4 shows a drawing of ‘he major air routes, with the
primary altitudes used on each, for the Chicago Papi Arrival Sector. As

A can be seen, the major jet airway used in the sector is V84/J94 for in-
bounds from the east into O'Hare,

The aircraft enter the sector at altitudes between 20,000 and
30,000 feet and are handed off to approach control at 10,000 feet. Since
there are no major intersecting routes, there are no potential conflict
points. Due to the sequencing and spacing for final approach, about the
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Table E-26 ‘1
; DISTRIBUTION OF TRUE AIR SPEED OF AIRCRAFT ON J18-JOT
Altitude ! Speed |Percentage |Average Speed §
] (knots) | of Traffic (knots) ’
5 A
‘ 410 485 20%
] 475 15 ;
._ 465 65
A 470 A
3 370 485 40 .
1 475 40
465 20 ,
: ' 477
330 475 70
. 465 30
472
1
Table E-27 :
t
: DISTRIBUTION OF TRUE AIR SPEED OF AIRCRAFT ON J146-JOT i
E
1 Speed |Percentage |Average Speed ;
] Altitude | ote) |of Traffic (knots) |
X {
410 465 55% :
455 45
461
390 465 100
370 470 70
460 30 467
350 450 100 i
3
330 475 100 %
141 3
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S Table E~28
3 {
-
! DISTRIBUTION OF TRUE AIR SPEED OF AIRCRAFT ON JOT-J146
2
N
3 ‘ Speed | Percentage |Average Speed
: 1titud
A © (knots) | of Traffic (knots)
1 410 485 25%
: 465 40
¥ 455 35
466
i ‘ 370 485 50 f
: 470 50 y
Fo 477 :
330 475 100 5
:
. ;
Table E-29
L DISTRIBUTION OF TRUE AIR SPEED OF AIRCRAFT ON JOT-J60
1
L& . . Speed Percentage | Average Speed
3 Altitude
. 1tud (knots) | of Traffic (knots)
i 410 475 25%
L 465 75
4 167
390 465 100
370 470 80
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: Table E-30 %
4 N\
. 5
- DISTRIBUTION OF TRUE AIR SPEED OF AIRCRAFT ON J64 g
g ! Speed | Percentage E
F ‘ Altitude i K
: i : (knots) | of Traffic :
3 i
o | 7
4 ' 410 460 100% : ,
3 370 470 100

330 480 100

TSI

ey

290 490 100

TPy

Table E-31

DISTRIBUTION OF TRUE AIR SPEED OF AIRCRAFT ON J101

g

Speed | Percentage
Altitud
€ (knots) | of Traffic

390 480 100%
330 480 100

T VY IRTETFY
o e e v T IR

; 310 480 100

: 270 475 100

; 250 470 100

E

é . Table E-32

: DISTRIBUTION OF TRUE AIR SPEED OF AIRCRAFT ON RBS ;

Speed Percentage
1titude
Altitu (knots) | of Traffic

S

390 470 100%
350 485 100
310 470 100

280 470 100
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Table E~-33

DISTRIBUTION OF TRUE AIR SPEED OF AIRCRAFT ON J99

. Speed Percentage |Average Speed
Altitude
(knots) | of Traf{iic (knots)
290 475 35%
465 30
455 35
465
Table E-34
EVENT DATA SUMMARY
Total Number
of Events
Observation periods 5
Traffic structuring events 902
Pilot requests 43
Aircraft handled 199

only type of conflict in this sector is the potential overtakes during
descent,

b. Traffic and Sector Parameter Determination

Table E-~36 is a summary of the types of aircraft observed
during the data collection effort, The distribution of the traffic on
the different routes used in this sector is shown in Table E-37, As
previously stated, the dominant route is V84/J94, which primarily ser-
vices civil jets arriving from the east and northeast, The north-south
crossing traffic does not enter the traffic picture from a control
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Table E-~35

NUMBER OF PCTENTIAL TRAFFIC SITUATION TYPES L
SELECTED FOR CONTROLLER INTERVIEWS !

Type Number
Overtaking--level 1

Crossing

Level/climbing

Climbing/climbing
Descending/descending

Total crossings

o 3 S g g e et
b ARt AT L BRI AL s i 190 4 b AL B AR L A B

.hlw'»—-r-ar-‘

Total, all types

JERME 1N

PRERE TN Y UYL

Vv84-494 FL290
d : 1 10,000 fr. !
FL.200

/

e onee £ I

e AN EL - e A

Vv-193

PUVINES

5 Mk sk -
Mt e Tee v die e deake

TA-8181-19

FIGURE E-4 CHICAGO ARTCC PAP| ARRIVAL SECTOR MAP: PRIMARY ROUTES AND
ALTITUDES

5
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Table E-36

CHICAGO PAPI SECTOR AIRCRAFT TYPE SUMMARY

Totals | Percentage

T AT TR T

Number of
observation
periods 8 n,a, '

it Observation
time (hours) 8.3 n.a,

Number of
aircraft 179 100%

Number of
air carriers 153 86

Number of
Y general aviation
3 aircraft 25 14

R

Number of
E military
aircraft 1 0

A

O

TR

*
n.a. = not applicable.

Table E-47

DISTRIBUTION OF AIRCRAFT ON SECTOR ROUTES

e tachl aacii L ity

! Number of | Percentage

] Route Aircraft | of Total
vV84-J9 167 91%
V215 2 1
North-south
crossing 9 S
Outbound _5 3
Total 183 100%
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standpoint, since it flies at various altitudes above 8,000 feet. This
is above the arrival stream going to O'Hare.
The distribution of entry altitudes used in V84/J9%4 is shown

in Table E~38, Most of the aircraft, although cleared to 7,000 feet,
left the sector at 10,000 feet.

The aircraft enter Papi indicating 300 .o 350 knots at an
altitude of 20,000 to 30,000 feet. They generally try to reduce speed
to 250 knots (indicated) for handoff to approach control at 10,000 feet.

When traffic is heavy, or if a slow aircraft is in the stream, further
speed reductions to 160 or 180 knots may be used.

c. Decision-Making Times for Each Type of Event

The process that was described for the Chicago Bradford sector
was also used here.
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Table E-38

LDISTRIZUTION OF ENTRY ALTITUDES ON V84/J94

Altitude

Number of
Aircraft

Percentage
of Total

Above 300
300
290
280
270
260
250
240
230
220
210
200
180
180
170
160
150
140
130
120
110
100
90
80
70

Total

L]
4
4
8
9
10
12
14

9

11
3

ool
@ O N~ ® W O =~ N N 9
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ANALOGOUS SYSTEMS
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¢ Appendix F
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ANALOGOUS SYSTEMS |

rTYTwOTTY

Large scale operational control systems that have undergone varying
degrees of automation were examined in an attempt to identify one or
2 more such systems that are analogous to the ATC system. A study of a
f reasonably analogous system might provide additional insights into the
underlying factors that affect ATC operations as well as information
concerning the limitations of automation. Although automated control
aystems that are partially analogous to the ATC system were identified,
the degree of analogy was not sufficient to warrant further study.

TR

TN T TR AT W L

-

: Automated ccentrol systems were examined against criteria based on

: the task situations and operational characteristics that pertain to the

ATC system, The task situations criteria were used as a preliminary

sorting device to identify potentially analogous systems, The opera-

3 tional characteristics criteris were used to pinpoint specific system
conditions required of an analogous system.

*
The task situations criteria were identified in v»art by Schrenk®
and are oriented to the overall decision-making process inherent in the
ATC system, The task situations criteria are:

Sl i o

* That fairly well defined objectives exist.

¢ That significant action alternatives are available.

TR TTYTT I

¢ That relatively high stakes are involved.
{ ¢ That incomplete information is available for decision~-making.
e That there is limited time for decision.
3 s That complex decisions regarding the selection of actions are
1 required.

At St b

The operational characteristics criteria used are those that
distinguish the job of the ATC controller from other (nonanalogous) jobs

*
References are listed at the end of this appendix.
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involving operational system control and management, These criteria de-
scribe specific qualities of the ATC controller's operational activities
and are designed to identify those anslogcus systems whose mode of

operation may provide some insight into the factors affecting ATC
operation,

CUL AL ada b e S
P

X PR

Ll

%

3 The operational characteristics criteria are predicated on the as-
sumption that a central decision maker (controller) operates the control
system., The criteria are:

-y
[ ]

That the controller's explicit responsibility for the control
system's objectives (i.e., human life and safety) is implicitly
predicated on the fact that his career and emotional well-being
are directly involved in the consequences of any mistake he may
make, but his physical safety is not.

o That the controller carries out his responsibilities by exer-
cising control in the system only ind-rectly; that is, through
a complex system of people and machines, without direct and

S proximate influence over the objects of this control (e.g.,

individual aircraft).

T

¢ That the controller's responsibility includes the implementation
of control decisions; that is, the controller’'s active command
over a situation requiraing a decision does not end when control
instructions are issued, but is maintained at least until the

; appropriate actions are performed.

Numerous operetional automated control systems were examined and
none were found to be significantly analogous to the ATC system in terms
> of the specified criteria. Automated systems found to partially satisfy
3 the task situations criteria include those used for manufacturing process
control®»® and electric power distribution,® Those control systems are
typically provided with conclusive information regarding the state of
the objects under control from which a course of control action is
readily identifiable; hence, the task situations associated with infor-
mation availability and decision complexity are not analogous to those of
the ATC system. Furthermore, those control systems exercise direct in-
fluence over the objects under control, and therefore do not satisfy one
of the operational characteristics criteria. For example, the automation
of one blooming and slabbing process in the steel industry3 entails the
automatic tracking of material flows and the collection of related data.
From this information the automated control system calculates the optimum
processing schedule and mechanically implements it.
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Military tactical command and control systems® satisfy the task
situations criteria, but are not analogous to the ATC system in terms of
the operational characteristics criterion pertaining to decision imple-~
mentation responsibility, For example, in the Naval Tactical Data
SystemP a central decision maker is not responsible for the implementation
of his decisions, A controller assigns a weapon (e.g.,, aircraft or mis-
sile) to a particular mission (e.g., destroy a specified target), but
does not guide or directly monitor the weapon, Since this controller
essentially functions as « dispatcher, the scope of his responsibilities

is not broad enough to be considered analogous to that of the ATC
controller,

Automation has been applied to medical diagnostic systems (e.g.,
automatic clinical analysis laboratoriese), manufacturing process diag-
nostic systems (e.g., automatic machine failure indicators7), and vehicle
detection and monitoring systems (e.g., automatic police car® and bus®
location and identity systems). The automation of these systems is con-
strained to a data collection function. Since the automation involved
is not oriented to decision-making task situations and is not directly
related to the pertinent operational characteristics of a decision-making
system, these automated systems are not analogous to the ATC system,
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