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assess the impact of Upgraded Third Generation Enroute Air Traffic Control (ATC)

System alternatives on control facility operations. The various enhancement fea-
tures are considered to be added incrementally to the current National Airspace
System (NAS) Stage A enroute ATC operation and include : automatic data handling,

‘enroute metering , automated local flow control , conflic t probe , area navigation ,
Discrete Address Beacon System (DABS) data link, and DABS-based intermittent
positive control.

Staffing estimates for each enhancement system are made for the Atlanta Air
Route Traffic Control Center for the years 1980 through 2000, and include Air
Traffic Service and Airway Facilities Service personnel. The estimation procedure
uses models previously developed by SRI based on extensive observations of ATC
operations. These models include the Relative Capacity Estimating Process (RECEP),
which relates ATC sector controller workload requirements to traffic capacities ,
and the Air Traffic Flow (ATF) network simulation model , which assesses traffic
capacity and delay in a multisector environment. A
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EXECUTIVE SUMMARY

This report documents work that Stanford Research Institute (SRI)
has performed for the Office of Aviation Policy, Federal Aviation Ad-
min~stration (FAA), Department of Transportation, to assess the impact
of certain proposed Upgraded Third Generation (UG3RD) Enroute Air Traffic
Control (ATC) System enhancements on enroute ATC operations at the Atlanta
Air Route Traffic Control Center. To compare enhancement systems, we
estimate the Atlanta Center annual staffing requirements associated with
each enhancement for the years 1980 to 2000 based on: models of controller
task activity workload, a ne work computer simulation model that evaluates
aircraft traffic capacity and delay, and traffic forecasts provided by the
FAA. The models were developed in previous contract work for FAA. The
staffing estimates include the Air Traffic Servic~i •~nd Airway Facilities
Service personnel required to operate and maintain the center.

Method of Approach

We collected data at the Atlanta Center describing the ATC sector
control team task activities and procedures required under NAS Stage A
operations. We used these data to adjust our previously developed work-
load models so that the models describe the sector team routine, surveil-
lance, and conflict processing requirements observed at the Atlanta Center.
Routine work includes air/ground (A/C) voice communications, flight data
processing (FDP) and radar processing (RDP) manual data entry/disp lay
operations, flight strip data processing , intersector interphone voice
communications , and intrasector direct (face-to-face) voice communications.
Surveillance work is visual observation of radar-derived aircraft situa-
tion data on a plan view display (PVD). Conflict processing work includes
potential conflict recognition, assessment, and resolution decision making
and A/C voice communications. The models , which we previously calibrated
against known sector traffic capacities at another center (Los Angeles),
are used to quantify workload limit/traffic capacity relationships for
selected sectors of the Atlanta Center. These workload models and capac-
ity relationships describe the operational characteristics of the current
HAS Stage A Enroute ATC system, which is the base fro m which we postulate
the evolution of UC3RD enhancement systems.

To analyze ATC evolution through successive automation levels, we
adjust parameters of the workload models to represent the effects of
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t i  ric ’us e-nh an cemen t svst  ems on the sec tor  teams ’ c a p a b i l i t y  for handi ing
t ra f f i c . The parametric values encode the  a s s u m p t i o n s  we made as to how
each system would ~e implemented 

1 n an o pt - r a t i o n a l  enrout e  environment ,
and how each system would impact the task activities and workload .hii-ac-

terist ics of ind iv idua l  sec to r  teams. The modeling approach. which we
call the Relative Capacity Estimating Process (RECEF’ ), estimates t he sec-
tor  t r a f f i c  c a p a c i t y  a s s o c iat e d  w i t h  an enhancem en t  system r&-lat ive t o

the p e r f o rmance r equ i r emen t s  of cur ren t enrou te  ATC o p e r . c t i e n s .

We use the  sec tor  t r a f f i c  c a p a c i t i e s  in our  A i r  T r a f f i c  F low i A TF)
netwo rk simulation , also previously developed , to  d et e r m i n e  t h e  multi-
s e ct o r  t r a f f i c  h and l ing .ind dei5i v c h i r i c t e r i s t i c s  a s s o c i a t e d  w i t h  ea ch
enhancemen t sys t em.  A I F  e n a b le s  us to  examine  a l t e r n a t i ve  Se ct o i  con-
fi guration strategies (based strictl y on sector  s p l i t s )  and c d t t - r n ~c t i v e
sector nc~cnin g strategies (based on increasing or decreasing the number
of sector team positions when feasihle~ in order  to e s t i ma t e  t h o  number
of d ay - s h i f t  con t ro l ler s  needed in a sel ec ted  mul t i sec t  or reg on of the
A t l a n t a  Cente r  b y each enha ncement  svstent . We then expand the d a v - sh i  f t
manning estimate to an annual controller staffing requiremen t (which is
c o m p a t i b l e  w i t h  c u r r e n t  FAA s t a f f i n g  standard calculation s ) and estimate
the corresponding operations and ntaint ccm zmn ce support and supe i v i  sorv
annua l s t a f f i n g  needs. This process y i e l d s  our  e s t i m a t e  of t he  .~ i r
Traffic Service and A i r w a y s  F a c i l i t is s  S e r v i c e  a n n u a l  staffing ;issociated
w i t h  e t c h  UG3RD enhancement .

• Sector traffic capacities for the enhancement systems arc derived
us i ng the workl oad models , from which we determine mult isectc’r manning
and f a c i l i t y  annual  s t a f f i n g  r equ i r emen t s .  Therefore , the  resulting
s t a f f i n g  e s L im a t e s  are s e n sit i ve  to  the subjective judgments ‘ce I r ive
made i n  s t r u c t u r i n g  the  workloa d models  so t h a t  t hey  descr ibe  a ct  evolu-
tionary imp lementation of UCIRD enhancements. In the remainder of thi s
Exectit ive Su mmary , we b r i e f l y r e v i e w  the  o p e r i t  i on.m I a s s u m p t i on s  and
p resent  the s t a f f i n g  estimates.

Assump t ions

• The sy s tems  are examined in sequence unde r  t h e  assump t ion that .- t c h

• enhancemen t f e a t u r e  is added to the  p rev ious  sy s t em.  The enhancemen t
f e a t u res , added consecuti vely to the NAS Stage A Base ~Svsteni l’c , ar e :

• Au tomated data handi ing (Sy stem 2 ’)

• Au toma ted  local f l o w  con t ro l  (System I )

• Sector c o n f l i c t  probe (Sys tem ~
• 

•
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• Area navigation, RNAV (System 5)

• Discrete Address Beacon System (DABS) data link (System 6).

Automated Data Handling (System 2)--This first add-on to System 1
includes the implementation at sector positions of an electronic tabular
fligh t data display, and RDP/FDP refinements. The tabular disp lay is an
electronic fligh t data presentation designed to replace paper flight
strips and attendant manual activities , and would effectively automate
some controller manual and verbal tasks associated with control procedures
and flight data distribution. The RDP/FDP refinements are minor system
modifications that would facilitate equipment operation.

Automated Local Flow Control (System 3)--This feature , which we
assume is added on to System 2, is designed to maximize sector capacity
utilization by smoothing out traffic peaking situations. It would govern
t r a f f i c  flow on routes by means of an on-line computerized traffic plan-
ning process that regulates workload surges in accordance with the traffic
handling capabilities of a multisector environment. We assess its impact

- on enr oute  t ra f f ic capaci t y b y model ing the d i s t r i b u t i o n  of t r a f f i c  peaks
and workload surges on the air traffic route network.

Sector Conflict Probe (System 4)--This feature , which we assume Is
added on to System 3, a ler ts  control lers  of p o t e n t i a l  c o n f l i c t s  and
recommends resolution actions. To provide an operationally realistic
t ime p red ic t ion  horizon at a low fa l se -a la rm ra te , we assume th i s  f ea tu re
vii i  be used when a i r c r a f t  f i r s t  enter a sector .  Since A/C communica t ions
are required to t ransmit  c o n f l i c t  resolu t ion  i n s t r u c t i o n s , workload reduc-
tions a f f e c t  only c o n f l i c t  de tec t ion  and assessment tasks.

RNAV (System 5) - -Th is  fea ture , which we assume is added on to Sys-
tem 4, incorporates navigation avionics that could he used in enroute
operat ions  to achieve close-spaced m u l t i l a n e  t r a f f i c  routes .  Over tak ing
conflict processing would be eliminated by p lac ing success ive  a i r c r a f t
on closely spaced parallel routes.

DABS Data Link (System 6)--This feature , which we assume Is added
on to System 5, transmits to pilots digital data including routine clear-
ances and conflict avoidance directives . It is not Intended t o  tran smit
extensive nonstandard-forma t messages. The data link , integrated with
extensive computerization , is the basis for the “con trol -by-exception ”
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FIGURE S-i ANNUAL STAFFING FORECASTS , BY SYSTEM ATLANTA CENTER

Based on avai l ab le  data , th e  A t l a n t a  Center ’s l97’~ s t a f f i n g  requ Ire-
ment tinder the NAS Stage A Base was 744 persons, of which 476 were con-
trollers. To all ow for handling addttionai traffic demand at the curren t
level of de lay ,  we model a l t e r n a tiv e  sectorisatton strategies and a l t e r -
n a t i v e  sector manning strategies. These controller deployment s t r a t e g i e s
account In la rge  par t  for the staffing Increases shown in F igure S-i,
Also inc luded are appropr ia te  increases in nont ’on t r o l i e r  per sonnel .

Figure S-i shows that under System 1 (HAS Stagi ’ A Rase~ t h e  current
• level of de lay  could be m a i n t a i n e d  u n t i l  198 1 by in cr e a s ing  s t a f f , We
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assume the staffing increase is accomplished by resectorization (sector
splitting), while individual sector manning is held at 2.5 controllers
per sector; this complement consists of one radar (R) and one data (D)
controller in each sector team and one assistant (A) controller in sup-
port of a pair of sector teams. (Our workload and network modeling
analysis indicates that sectorization , rather than sector manning changes.
is a more effective means of handling the traffic projected for the ,

~‘a rly
1980s.) During 1983, maximum sectorization is achieved , and no more St’C-

tors can be split efficiently. (Based on operational considerations and
a review of At lan ta  a i rspace and currer .t  sec tor iza tion , we judge tha t an
upper bound on sec tor iz at ion  is twice the A t l a n t a  Center ’ s cu rrent  number
of sectors, whil e the lower bound Is the curren t number of sectors.) The
maximum sectorization limit corresponds to a 657. increase in facility
staff relative to 1975.

System I. staffing could be increased , ~ufter 1983, by imp lementing a
3.5 sector manning level , which requires adding a tracker (T) controller
to each sector team. However, our analysis indicates that this strati-gy
could not increase facilitywtde traffic handling capabilities beyond 198 3
and simultaneously maintain the curren t l evel of delay. Since the T co .-
troller does support the R controllers , especially during heavy traffic
activity and workload stress , we assume that the 3.5 sector manning will
be implemented in 1983 to help handle the projected traffic , but with
increased traffic delays. As shown by the dashed lint- In Figu re S-i ,
we extrapolate the corresponding facility staffing increase until the
mid-1980s, at which time all the reconfigured sectors are manned at the
3.5 controller level . This maximum staff level may be maintained through
the year 2000 only by increasing delay further or by constraining traffic
demand or both.

Our analysts of System 2 (automated data handling) indicates that
• its automation components (including the elimination of paper flight

stri ps~ will obviate th.- need for A and T controllers and that the two -
man (R and D controllers) sector t eam will be the most efficient opera-
tion . Therefore, we assume sectorization will be the only effective
means of increasing staff to maintain the current level of delay as
traffic increases. As shown in Figure S-I , this l evel of delay could
be maintained until 1986 when maximum su.ctorization Is achieved , which
corresponds to a 42% increase in facility staff relative to the 1975
base. This staff level could be maintained beyond 1986, but with in-
creased delay or constrained traffic demand or both. The staffing ad-

• vantages of System 2 relative to System I are due in part to reductions
in sector manning requirements and increases in sector team traffic han-
dling capacities (resulting from the reduced workload per aircraft asso-
ciated with data handling automation).

It
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System 3 (automated local flow control ) does not show furthe r staff-

ing gains relat ive to System 2. This resul t is probab ly becaus e of the
intensi ty of the facility ’s radial traff ic flow (focused on the Atlanta
airpor t), which l imits prac tical traffic rerouting or delay alternatives
to the inbound and outbound routes rather than the over and crossing routes.
In this case , the automated operation uses traffic distribution strategies
that are already part of curren t local flow control . However , an automated
opera tion will probably be necessary to enable the flow controller to
main ta in cognizance of the increased traffic projected. System 3 sector
manning and traffic handling capabilities are the same as those assumed
for System 2.

Sys tem 4 (sector conflict probe) coul d be maintained at the current
level of delay un til 1988 when maximum sectorization is achieved. Sys-
tem S ( RNAV wi th 1007. of the aircraft fleet equipped with requisite
avionics) could be similarly maintained until 1989. In both cases, the
two-man sector manning strategy is assumed , and staf f ing  increases are
ob tained by sector splitting. The System 4 and 5 maximum facility staff
level s ar e identical to those of System 2 and are 427. greater than the
1975 base. However , staffing advantages are realised by both Systems

• 4 and S in that they delay the need for deployment of the maximum staff .
The staffing advantages of System 4 relative to System 2 and those of
System 5 relative to System 4 are due to increases in sector t eam traffic
handling capaci ties (resulting from the reduced workload per aircraft

* associated with conflict probe automation and closely spaced parallel
RNAV routes).

System 6 (DABS data link) is evaluated under two assumptions: firs t ,
that 507.. of the aircraft fleet is equipped with requisite data l ink equip-
men t ; second , that 1007. is so equipped. (In both cases . 1007. RNA V avionics
i s assumed.) Under the first assumption , we judge that System 6 coul d be
maintained at the current level of delay until 1992; under the second
assump t ion, Sys tem 6 could be similarly maintained through the year 2000.

• Progressive staffing increases to 427. are required in both cases . St aff-
ing advan tages are realized in the early l980a by the use of one-man
(R con troller only) sectors, but , as the traffic level increase s in the
mtd- 1 980s, transition to two-man sectors is needed . This t ransi tion ,
together with a forecast surge in traffic demand in the mid -to-late
l980s, causes the irregularity in the shape of the two System 6 curves.
The staffing gains shown in Figure S-I for System 6 relative to System S
ar e due to significant increases in sector team traffic capacities (re-

• suiting from reduced workload per aircra ft assoc iated with control -by-
exception data link operations) .
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To provide some insight into the relative effich.’ncies of the sys-
tems, we calculate their productivity gain relationshi ps , as shown in
Table S-i. The productivity gain comparisons arc based on the staff

• and traffic levels corresponding to the maximum traffic demand handled
at the current level of delay by each system. The 1975 operation of the
current NAS Stage A System L S  used as the base reference. Alth ough no

• productivity gain is shown for System 3 relative to System 2, the former
system is assumed to be integrated along with Systems 2, 4, and 5 (through
evolutionary development) into System 6. Therefore, Systems 2, 3, 4,
and S would be required to achieve the productivity gain (2.28 after the
year 2000) of System 6.

Remarks

Staffing estimates are made using previously developed controller
workload and air traffic network flow models. These model s are reasonably
logical representations of ATC systems operation , but , being analytica l in
nature, they are abstraction s of the real world. Therefore, the resulting
staffing estimates should be interpreted as first-order indicators of
the relative impact of the various automation features. These results
should be useful as guidel ines for further experimental testing of the
various enhancements in order to define their operational and techu~olog-
ical design feasibility , and for developing detailed economic feasibility
analyses.

Relative to operational and technological feasibility, we emphasize
that many of our modeling assumptions are based on judgments concerning
the future implementation capabilities of the enhancement features . We
assume , for example , that a conflict probe could he used to predict and
resolve conflicts within a sector ’s airspace. It migh t  prove possible
to operate a conf l i c t  probe as a centervide f l i g h t  plan probe , in wh ich
case additional workload reduction and concurren t s t a f f i n g  r e d u c t i on
gains (beyond those we estimate) would result . However, there is al so
the question whether a conflict probe of any type can be integrated with
controllers ’ mental/cognitive capabilities. In fact, the basic issue of
p roductively interfacing man and machine a p p l i e s  to each enhan cemen t and
requires considerable additional study, experimentation , and eva lua t ion .
This is especially true of the data-link-based control-by-exception opera-
tion in which the mental/cognitive processes of the controller must h&
evolved into system-interactive monitoring m ode. Further research is
needed to ascertain the degree to which a controller ’s menta l/cognitiv e
capacity would constrain his ability to handl e more traffic.
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In regard to economic feasibility, our staffing estimates provide
insights into the relative effectiveness of each system in reducing FAA
operating (manpower) costs and user delays. However, a full economic
analysis should consider trade-off. between FAA operating, eng ineer ing
and developmen t, and capital investment costs, and user delay and av ion ics
costs. Furthermore, since the scope of th is effor t is restr icted to
estimating enroute ATC staffing impacts, enhancement system attributes
relative to terminal ATC staffing, sa fe ty, airpor t capac ity, and the
l ike are not assessed. Those enhancements that do not significantly
impact enroute staffing, such as meter ing and IPC , should not be di.-
missed lightly; such enhancements may contribute important system per-
formance qualities other than reduced enroute staffing costs.
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I INTRODUCT ION

A , Oblecti ves and Scope

The work descr ibe d  h er ,~’ assesses the impact on air tr a ffic con t rol
(ATC~ operations of various automation $Vst ems prop osed as part ot the
Upgraded Thi rd Generation (UG IRD~ Fur ou t  e ATC pr ogr am . We make this
assessment by re ta t Lug an I omat i en enh.mncem n en t p ropos.i I s 0 Cii r r c n t  oh—
served con t r o t  operat ion s in order  t ¼ . lndge  how ant oma t Ion might suck’ (‘55~
full v he I n t e g r a t e d  with operat 1 onat  rcqu i r emuen t s and hew cen t r o l l  ci’
a~’ t I vi t I c  s migh t ch an g e .  We eva 1 nate I he opt’ i a  t o n a l  poten t I at s of the
various tIC IR P an t  ornat ion svs t e rn  .i I t  ~‘ m a  C I yes 1 v ist I mat I ng ~m mid cemnpa ring
the’I r effects en SM f l i n g  a t  an en r ou t  t’ cent  e m .  We use t h e  :\t 1 an t  a :\i t
Route i’r.i fIle Control Ct-n t em as the study site , and t h e cu r r e n t N a t  t on a l
:~ l r space Svs t e rn  (NAS~ St age :\ Id . ‘ as I he base for comparing the s t a ft 1mg
r e q u i rem en t s . The $ ta ll sI udi ‘tl I tic 1 udes both Aim Tra f t i  ~

‘ S e r vi c e  and
A l  rva v Fat’ ii f t tes Serv i ce  p er s o n ne l  who opt ’r:I t e and m aInt ain he fac l i l t  ~

‘ .

Sta ffing estimates are p r e s e n t e d  for the ~‘ears 1~ SI) through 2000.

Tb I. s cisc st ud v was perle rrne ~I t o r  t he Off i cc e I’ -‘tv I a t I on I’o I Ic v •
Fede ral  A v i  i t  ton AdrnLn 1 5 1  i’. i t  (01) i,~ AA ’t tinder (ontrac t IXiF—F .\ 7’ W A — ~7 l  -~~.

It . Rackgreund

s work I s  based on ATC . in . t  I ~ s is eapib II it It ’s dev ’I eped 1w SR I
dtir lug two pro Ice t s i”’” b ust v conducted for the FAA . ~he I l i - s t  t ’ro i —

cc t ‘~ — 4*  was a mu it I yea r ~‘ I for t per l~ i’med f o r  t h e  S vs  I ems Rt’sea reb and
fleve I Oplilen Se’rv it ’ e • FAA , t in i- ins wh I cli ~~s dt’vt’ 1 opt’tl ‘-am ions an t I vt I c i i
models of \ t’C opet - it ions and furthered .i sensi t lvi lv to the opt’rat tonal
real it i es o I ui t omi t I en and i t s  imp i enien t at ten p otenti a l s. the iiiodt ’i s
m ci tided the Re la t  I vi ’ Capat’ it v t-~~t irna t lug Process t R l - ’CVM w h ic h  v~~i at  ~‘s
cen t roll em ~ irkload requl rernent s to sector I ma ft’i e t a p i c  i t  I es , an~I the
Ai r T r a f f i c  F low t :VrF~ network s IrnnI.it Ion model • whI ch assesses t i-all i ’.

eap.l~ it v and tIe Ia v In i mul  t I see I or •‘nv I ronnii’nt

*A l I s t  o I i t ’ I c  I- i -f l ee s  I s .ippentlcd I o I hi s r epor t
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The second project C was a case study of UG3RD ATC staffing require-
ments for the Los Angeles Center , which we performed for the Office of
Aviation Policy, FAA . We used the RECEF and ATF models to estimate
staffing impacts of the various automa t ion systems. In doing so, we
made a number of assumptions and judgments regarding the feasibility of
implementing the postulated enhancement features in an opera t ional en-
route A1’C environment. Our models of controller workload encoded the
assumptions we made regarding the way In which each of the enhancemen t
systems might be implemented. In some cases, these views did not con-
form in all details to the various designs postulated by specialists In
the FAA e or elsewhere,’ hut the staffing analyses we performed required
operationa l descriptions that were both realistic and consistent with
the current enroute ATC development programs, Where these descriptions
were not available in sufficient detail , we developed the necessary opera-
t ional procedures.

The case st ud y of LIC3RD staffing requirements foi- the Atl anta Center
described in this report parallels that of the Los Angeles Center. We
appl y the anal ytical methodologies we deveL ped for Los Angeles to projec t
Atlant a Center operations. Althoug h we use data c o l l e c t e d  from seven sec-
tors at the A t l a n t a  Center as the bases for the RECEP and h F  models , the

descr ipt ions (wit ’i some m inor revisions~ of enhancement system operations
pos tu l a t ed  for  the Los Angeles Cente r  are assumed to apply .

C. Method of A pproach

We .ire concerned with the impact of automation on ATC capacity.
Based on our observa t ions of ATC opera t Ions, we conci  tided that in almost
all cases, the limits on capacit y are associatcd with sector control team
ac tivit y requirements , that is, con trol icr workload. Hence , we choose
to focus on con t rollers , con troller t eams, and team o r g a n i z a t i o n .  Be-
cause ATC services are based on complex decision making by many people.
we decided that our approach had to he based on measurements of presen t
operations; this provides a realistic base from which to evolve operating
descri ptions of postulated enhancement systems. Therefore , we use opera-
tions data collected ~it the Atlanta Center where the NAS Stage 13d . 2 was
in full use wIth flight dat a processing (FDP) and rada r data processing
(RE)P~.

Because capacity is so closely related to cen t rot Icr opt-rat ions , we
convert funct tonal  and equipmen t desc r ip t  ions of the enhancement features
into terms of changes to curren t controller task activiti es . These re-
vised task activiti es arc formulated into the RECEP model to determine

sector  cap i c i  t i e s  for  each enhancement sy stem. These i n d i v i d u a l  s et t e r
capacit y estimates are in turn integrated Into the ATF model to determine 
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the traffi c capacity and d~. I iv cia rac I ct- i st  I c  s of a st’ I ~e t t’d mul t i st -ct or
study a rca of the Atlanta Cent er. l’h t s i n  f o r m a t  ion i s used to i s  t irnat e
controller manning requirement s for etch IJC 1111) svs I em for the st tidy area

• d u r i n g  the peak sh i ft of the peak div (~ 0th  percen t i le~ • Sta ndard staff-
ing rd at ionshi ps5 ‘ ~

‘ and observed f t c  ii it v mannin g poi Ici es ar e  used to
t ransform the st tidy a rca mann i ng requirements into annua l cent roller
staf [tug requirements . Est imat es art ii so made o I the noncont roller
st .i fling requi remen t s in .icco rdant-e w ith the opt m i t  I onal and ma jut enance
cli i rat- t cmi st I (‘S of the tar ions enhancement sv stems. Con sul tat i o n s with
At  taut a Cent er pe r sonne l  were u sed to  git I de o u r  sti If i ng e st irna t ion
procedure .

We n o t e  tha t t hese  staffing ~‘st i r n a t e s  r e ly  hc t v i i v  on ( t i e  v i i  i d i t v
of the RECEP and ATF models, l’he b a s i c  R E C E P t e c h n i que  has been appl ie d
to some 16 sector s in e nr o ut e  and t e r m i n a l  i - t e l  I ities ,

1 “ whil e t h e
RF.CEP formulat ion is used in this report has been app i it’d to four enrout c
sectors at the Los Ant~eles Cent ~r .

’ ‘~~ In - ill ea se s , the result ing RECEI’
capac i tv es t ima t e s  were consistent with those of the fac iii tv personne l
Although these results may not be conSidered a fo rma l validation of the
RECEP model , t h ey  do indicate it to be a r easonable  r ep r e s e nt a t i o n  of con-
t ro I operations - Ilit ’ Air network model , wh ich is r e lat I ye 1 y new and had
prt’viCusl been app lied only during the los Ange les Center case stud y,
has net  been su b j e c t  to forma l vat ida Lion .

P. 0 r~ an I ~ ,i t ion of  Tb is Report

Sec t  ion I I o I C hi s report d e s c rib e s  the model jug of s e c tor  t e am
workload md traffic e i p a c t t v  based on the dat . i  d e s c r i b in g  current N.\ S
St .i cc \ Sv st em opera t i on a t  t lie A t I ant a Ccn t em . S e c t i o n  III tie t iii s tIi t~
st-ct or I cam task act i V it v i-ev is ioti s , t~~rkl ead st  rue  t ui-~ s , and c ipac it i es
is sec (at ed i. it li Va i~

j oiis ~,os tnt at ed enhancemen t f~ a t t i r e s . Sect ion 1V de —

scribes ti l t ’ t~ st ima t ion o t~ mu l t I sec t o t -  mann l u g  requu I remen t s for each svs—
I Cm and t h e  re t a t ionsh i p s for tr ansl atin g m an n i n g  i n t o  i a e  f l i t  v st i f l i n g
requi remen t s . Sect ion V descr I bt’s t h e  e s t i m a t i o n  of t h e  A I r  N - i  III c
.in~I -\ i rwa v F t ~

- j i l t  j es SC my ices st if f lug requ i rernen t s for  t h e  e n t i r e
f.ic ii i  C v • A su mmary des t -r i pl  ion of  t h e  enhancemen t svst t ’lil 5 an d  .i di  s—
t’uis  Si  Ofl o I t l i t ’ st  t I l l  ug resti It s -ire p t’es cut ed i n  t he I x ecu t i te Summa i \
at the beg inning of t h i  s report . Further d~ tail s and .in i lv si s d . i t . i  i r e
i nc  I i i d t ’tI is appendixes.

_ _ _ _ _ _ _ _ _ _
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I I NAS STAGE A BASE SYSTEM

The current third generation ATC system I s  the base from which the
upg raded systems are to evolve. The system ’ s FDP/RDP capabi l i t ies  at
the At lan ta  Center f a c i l i t a t e:

• Automated flight data processing/forwarding .

• Automated tracking displays with alphanumerics (including
ground speed ,* Mode C, and reported altitudes).

• Automat ic  and manual d isplay f i l t e r i n g .

• Survei l lance data mosaicking .

• Simplified clearance/coo rdination procedures.

• Central flow control.

The sector radar (R) controller , the critical decision maker , per-
forms routine , surveillance , and conflic t processing activities and is
supported by a data (D) controller. The sector team ’s routine tasks in-

• chide air/ground (A/G) voice communication (R controller only), FDP/RDP
manual operations , flight strip manual operations , intersector (includ-
ing interfacility) interphone voice communications , and intrasector direct
(face-to-face) voice consultations . Surveillance of digitized , plan
view display (PVD) aircraft situation , i d e n t i t y ,  and re la ted  alp ha-
numeric data facilitates controller flight-following. Controllers rely
on m e n t a l l y  p rojected f l i gh t  t rajectories to detect  and assess po ten t i a l  - 

-

c o n f l i c t s ;  t hese s i tua t ions  are resolved by A/C communicat ions .  Sector
t r a f f i c  f l ow o r g a n i z a t i o n  and s t r u c t u r i n g  is conduc ted  in accordance
wi th established facility-integrated procedural rules , which may be
adjusted when nonstanda rd local flow control operations are instituted.

Although the two-man team (R and D controllers) is the normal mode
of manning a sector , one-man (R controller only) and three-man operations
are possible. In the latter case, an add i t i ona l  t racker  (T) position is

*The ground speed display capability was not operational during our
Los Angeles Center observations.

5
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manned .* The T controller performs FDP/RDP manual o p e rat i o n s  and f l i g h t
strip pro cessing , whil e the D controller performs interp honc communica-

tions and assists the 1’ con troller.

The sector team operation is supported by an assistant (A) controller ,
who del i vers f l ight  s t r ips to each sector  team . One A con t r o l l e r  t y p i c a l l y
services two sectors. Sector teams are grouped into areas , each of which
is administered by i team supervisor. A flow con t roller and (military)
miss ion  coord ina tor  are r e spons ib le  for  t r a f f i c  c o o r d i n a t i o n  fo r  the  cen-
t e r , w h i l e  a data systems s p e c i a l i s t  coord ina tes  compute r  programming
operational support. An a s s i s t a n t  c h i e f  superv i ses  all  t r a f f i c  control
activities . In addition to these Air Traffic Service personnel (includ-
ing controllers) located in the control room, a sys tems engineer (Airwa y
Fac ilities Service) coordinates maintenance operations. Add ition -il super-
visory, programming, and maintenance personnel support control room opera-
tions.

The d i s t r i b u t i o n  of workload among posi ti ons wi th i n  a sec to r is
responsive to the time-va ry ing traffic processing requirements . As the
number of aircraft in a sector increases , the corresponding increase in
the frequency of R controller decision-making a c t i o n s  g e n e r a t e s  more
manual and verbal activity distributed among the appropriate positions .
Each controller ’s ability to handle his workload is limited by the time
available. SRI has developed a method of quantitative assessment of
traffic constraints associated with controllers ’ decision-making, manual ,
and verba l activities. This RECEP produces a workload va lue  t ha t  cor-
responds to the traffic capacity of a sector team .

RECEP is used in this section to describe workload and capacity re-
la t ions for bo th two-man (System 1A) and three-man (System 1B) sector
team operations under the NAS Stage A Base Sys tem.1

A . NAS Stage A Two-Man Sector Team Operation (System IA )

Two RECEP formulations are used to assess simultaneously the team
(D and R controllers) and R controller workload limitations on capacity.
The first is a model of sector team operation based on measureme nt s of
controller activities at the Atlanta and Los Angeles centers , which were

*The tracker (T) position is termed the data/radar (DIR) pos i t i on  at the
Los Angeles Center.

t
Reference 4 con ta ins  fu r the r  de t a i l s  r ega rd ing  RECEP model s t r u c t u r e
and control operations.

6
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using t h e ’ NAS Enrout e Stage A Id . ~ system i. m c i  uding RIW/F DI ’ p rog r ams l
The second , a model of R cont  roll er operat ion , is il so emp I r i call v
based , hut is augmented with iii  i t i t e r e u t l i l l y  deriv ed descri ption ot
controll er b eh avior . The R e~~u it ro ller model i s coiis t m e t  ed in p ar t  ht ’
.u l l  oca t ~ig port ions of t h e  two—man t cam we rk C o the ii pos it (in .

~~~~~~~ i’cani Work 1 o i d

Dur tug previou s obscrv .ut louis of four sectors . tt  t h e  Los Angeles
Cent er . we i c t i f i e d  cent rd e v e n t s  and task heh . iv  i or p a t t e r n s  and the I r
freq uent- ie~ ot  occu rr e n c e’ and p e r f o r m a n c e  t imt s. ~ Two basic sector con—
C rd .ic L i v  it itS vt - i t  di I t e r e u i t  iat ed : rou t inc  work and t o n f  I jet processing
work.

Rout in c  work is t he use of s .indard control procedures and
t e c hn i ques  t o  ~ t c t  ii l a t e  t i-a t lie flow t h r o u g h  each s e c t o r . It is g e n e r i t e d
in sem~’ form ht- eve it- ti i gh t  , and a s e c t  o r team ’ s rout inc  work 10-id varies
in elj  rec t p report ion t o  (lit flow l i t  t . ~ n t h e  et h e r  hand , con f l i t’ t pro —

cess ing  work is the tesu It of t’~’iit roll er—p t -ree l ted p r o s p e c t  it~ v i  e l a t i o n
o f t h e sepa r a t  ion mi nim.i ii lowahi t’ bet vt-en a i r e r u ft . It is generated by

a i r c r a f t  inter act ions whose occurrences vaiv at i gt- t u t e -i - —tha n—dir cc t
proporti onal rite w i t h  t i - t i t l e  flow .

a, i’wo— ~-t iu Team Rout inc Work —

The’ fol lowing rout in c  cent rot funct ions were identified:

• (‘ t in C ro I j u r i s d i c t I on t ran s Ic r

• I r a t t i c  structurin g

• P i l o t  reques t

• Pointo uut

• Genera I in t em s e c t o r  coo m d i  n i t  ion

• General system operat ion.

The con t rol in r i sd t e l l  on t rans let- i s t h e  eel 1cc t ion of
cen t re 1 events required to hand off an .i rcr.i ft from one sect or to inot he i .
Ira I f  t e - St ructuring refers t o  the procedural —based , deci sion—making p recess
of  guiding aircraft through u sector. Pilot requests result in real—time
[I igh t mod! Ii cat ions , a d d i n g  work . Pointout s .ire actions required liv .i

sector team t ø  i t t  t i n  con t rot of  at rcra ft hr i cU v in or near another ’ s
i i  r spat-e . Genera l In t er s e ct t ~r c o o r d i n a t i o n  i nc l u de s  those  I n f o r m a t ion a l
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transfers that art~ performed to keep cogn i zan t of muitisector traffic
movement , hut are not part of handoff , traffic structuring, p il ot re-
quest , or pointout activities. General system operation refers to the
r ema in ing  a c t i v i t i e s  not  Inc luded  In the  above c a t e g o r i e s , a c t i v i t i e s
such as equi pmen t operation and fli ght data maintenanc e .

These functions provided an adequate basis for .-i f irst-
order calibration of sector team workload limitation s on traffic capacit y ,
hut  they lacked su f f 1  c i  en t opera t tona l dt ’t  a l l  to support  subsequent pro-
d u c t i v i t y  e v a l u a t i o n s  of p o t e n t i a l  desi gn modi f i c a t i o n s  to ATC sys tem
equi pme n t .  For this purpose , routin e sector team a ctivities were’ dii-
ferentiated on the  b a s i s  of I d e n t i f i a b l e  cont ro l  events , eac h of which
represe nts  the opera t iona l  consequenc e of  a s p e c i f i c  set of t a s k  a c t  i on s ,
as shown in Table I , Each c- d O t  rol eve-nt  desc r ibes  a recogn I zab i  c opera-
t i o n , the  workload c o n t r i b u t i o n  of which is placed in one of the fol lowing
task performance ca tegor ies :

• A/ C rad io  communication

• FDP/RDP operation

• F l i g h t  s t r i p  p roces s ing

• In t e r p hone c o m m u n i c a t i o n

• Di rec t  vo ice  c o m m u n i c a t i o n .

‘rh ’ set of even C s I dent I fled in Tab I e’ I I ii~ I tides the event
s’t observed at the Los Angeles Center , but is expanded to include’ events
obse rved at  the A t l a n t a  Center .  The rout t nt ’ cont ro l  e v e n t s  and  the A t  -

l a n t a  Cente r dal ;t observa t ions  a re  descr ibed in A p p e n d i x  A .

Rout I me ’ Event Performance 1’ imes — —The Intl lvi dual. task p t  r —
fo rmanc e t imes  shown in T a b le  I are  s topwatch measurements  of  observed
minimum execut  ion times at the Los Angeles Cent er. These r epresent  sec-
tor team work capabilities during capa e- ity traffic conditIons , when
cont rot lers arc assumed to he operating at  peak & ‘fficIency . Spot checks
d u r i ng the A t l a n t a  Cen t er  data obse ’rvat tons (where  t r.u f f i c  was r e l a t i v e l y
mode r a t e  because of two a i r l i n e  s t r i k e s)  d i d  not con t radict the original
l,os Angeles  Cente r  task p e r f o rmance t ime d a t a .

The basic  events  of Table  I a re  a set of performance items
n e c e s s a r y  for  event execution ; supplemental events are performed only
when required . For examp le , under the control jurisdiction t ransfer
f u n c t i o n , the  bas ic  h an d o f f  acceptance ’ event  Is p er fo rmed  s i len t l v  and
r e q u i re s  2 man-sec of F IW/RD P key board or t r ac kh a l l  manual o p e rat i o n  t o

0
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Table 1

ROUTIN E EVENT MINIMUM PERFORMANCE TIME ESTIMATES
TWO-MAN SECTOR OPERATION

SYST RM lA-—HAS STAGE A BASE

- 

tilnl ~~um Ta ck Performance Ttm e * Mintrum
Routine Control Event Description Event

(rsan—sec / cask) Per form-
____________ __________________________________ ________________________ ________ _______ ance

Flight Inter— Direct Time
Event Basic Event and Com~,uni— — 

crrip phone Voice (man—sec/

Function Supplemental Event catio 
Oper Pro— Cosanun i— Cosmt un i— event)

n a on ceasing cation cationt 
_______

Control Randoff acceptance 2 1 3
jurisdiction Flight data update 3 3
transfer Intersector coordination 7 6 13

New flight strip preparation 10 
- 10

Handoff initiation—automatic 1 1
Manual initiation—silent 3 3

____________ 
Intersector coord ination _______ _______ _______ 7 6 13

Traffic Initial pilot call—in 4 1 5
structuring Flight data altitude insert 3 1 4

Altitude instruction 4 2 6
Flight data altitude amendment 3 3
Intersector coordination 5 6 11

Reading instruction 5 2 7
Flight data amendment 10 10
Intersector coordination 5 6 11

Speed instruction 5 2 7
Intersector coordination 5 6 11

Altimeter setting instruction 3 1 4
Runway assignment instruction 3 3
Pilot altitude report 5 2 7

Flight data altitude insert 3 3
Pilot heading report 5 2 7
Pilot speed report 5 2 7
Traffic advisory 4 4
Transponder code assignment 4 4
Flight data code amendment 3 2 5

Miscellaneous A/C coordination 5
Frequency change instruction 4 1 5

Intersector coordination 4 6 10

~d lot Altitude revision 6 2 8
request Flight data altitude amendment 3

Intersector coordination 5 6 11
Route/heading revision 8 2 10

Flight data route amendment 10 10
Intersector coordination 6 8 14

Speed revision 6 2 8
Clearance delivery 20 3 2 25
Miscellaneous pilot request 8 8

~ointout Pointout acceptance 7 8 15
Data block suppression 3 3

Pointout initiation 3 2 7 8 20

General Control instruction approval 5 6 11
i , ters ect or Planning advisory 5 6 11
coordination Aircraft  status advisory 6 11

Control jurisdict ion advisory 6 6 12
Clearance delivery 2 20 6

Flight data update 3 3

C-eneral Flight data estimate update 1 3 4
system Data block/leader line offset 2 2

~peratton Data bl~ck forcing/removal 3
Misce tlaneous data service 3 3

Flight strip sequencing/removal 2 2
Equipr~ent adjustment 3

task performance time est imates are based on data co l lec t ed at the Los Angeles Center.

Indicated value is double t li - measured direct voice communication time duration .
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e’ f f e ’ct t he  h an d o i f  and 1 man—sec of fligh t stri p manual  m a r k i n g  to r ecord
I t  s occurrence’. In some c-a se’s , suppl e’ment a I P1W keypunch operat  ions a re’
necessary  to i n p u t  ad d i  t tona l 11 i ght d at a . For inst .uice , a sec to r  team
receiving an aircraft taking off from a non—ARTS i l l equipped t e’rmin ;il
con t rol fac [ l i t  y wout  d input an a I rpor t depart u re- message- to upda t c -  the’
FDP data fil e . This latter act  ion , whie-h re-qu i res I man—see , is an ad—
dl  t ional a c t i v i ty  b r i n g ing the  t o t a l  t ime to ( man — si -c of st - c t  or t e am
work for  these  ae - t i v i t t e s .  A s u p p l e m e n t a l  in t er s e ct o r  c o o r d i n a t i o n  ac-
company i n g  the ’ b a s i c - s I I e’nt h an d o f f  t y p i e - i l  I v r t ’q i i i  re-s a 7—sec  m t  erphone-
communication and a I— sec ora l message- re-i ay or consul tat Ion b etween the
R and D cont rol Ie’rs. S i n c e  - he oral consult it Ion s i m u l t a n e o u s ly  consumes
1 sec of both c o n t r o l ler s ’ t i m e , t h i s  d i r e c t  vo i ce  communica t ion  r e q u i r e s
6 man—sec  of sector  t c-am work , w h i c h  is shown in Table’ 1 . On ra re  occa —
s ion s , an unexpec t ed  a I re r a f t  “ p o p — u p ” r e q u i r e s  man ual prepara t  ion of a
new paper f l i g h t  s t r i p ,  w h i c h  consumes an a d d i t  tonal  11) man—s e c .

The ’ ba s i c  handoff initi ati on event  is a u t o m a t i c a l l y  per-
formed b y the  NAS Stage A3d . 2 c o m p u t e r  sy s t e m  when an a i r c ra f t  a r r i v e’s
a t  some prede f i n e d  lo’~at  ion (p re se ’t by program p a r a m e t e r s )  a t  or ne -ar
sector  bounda r i e s , and r equ i r e s  on ly  1 m a n — s e c  of f l i ght  s t r i p  manual
m ar k i n g  b y c o n t r o l ler .  The ’ supp lemental I man—sec manua l  m i t  l i t  ion
occurs  when .i c o n t r o ll er  p r e f e r s  to  hand o f f  the a i r c r a f t  a t  some l o c a—
I ion o t h e r  t han  t h at  sp e ’ci f l e d  by the  automatic h a n d o f f  pa ramete r s .

All t r a f f i c  St r u c t u r in g  and p i l o t  request  basic  events
.lrt’ i n i t i a t e d  b y an A/C comniunicat  ion and g e n e r a l l y  inc lude  some’ fo rm of
f l igh t s t r i p  ma r k i n g .  Thi’ pe r fo rmance’ t ime of each A/C con gnunic at  ion
task , which e n t a i l s  nego t tat ion and confirmation between pilot and con-
troller , is measured f rom the’ b e g i n n i n g  t ransmi ss  ion t o  the ’ end ing  t rans-
m i s s i o n  for  both  p ar t i e s  and I n c lu de s  t i me  devo t ed  to dec is ion  m a k i n g .
S i m i l a r l y,  in t e r p hone and d i r e c t  vo ice  co m m u n i c a t i o n  i nc lu d e s  both
decision-making and t r a n s m I s s i o n  t ime’.

F l i ght  s t r i p  m a r k i n g  is of two t ypes : con f i r m a t ton or
recording of a spec I fi c even t by means of a writ t en che’ck mark or c i  re-I e
on th’ f l i g h t s t r i p,  which t akes  1 man—se e, and da ta updating, writing a
n u m e r i c  speed , a l t i t u d e , h ead ing ,  or beacon code r ev i s i o n  on t h e  f l i g h t
s t r i p ,  wh ich  takes 2 m a n — s e c . In cases where ’ a t  t i tude  ci earance ’s do not
con form o c u r r e n t  f l i gh t p l ans , t h e  FDP f i  1gb t da t  a f i l e  Is amended by
manual key board ent  ry . P1W o p e r a t i o n s  of t h i s  k ind  t y p i ca l ly  consume’
I man—sec  , b u t  more ’ e’labora te ’ ent  r i e s , such as route’ d at a  amendment ,
take longer .

Al though these  manual  t a sk  de sc rip t  Ion s are ch a r a e -t er l st  ii- ,

two cxce’pt ions are’ noted und er  tile ge’ner.iI system operation funct ion. The’
fl ight data e~ tlma t t’ update ’ e’vent requires the 1) controlle’r to accept , by
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means of a i-sec keyboard opera t ion , FDP compu ter-generated fligh t data
messages on his computer readout device (CRD), and to copy the displayed
information (e.g., aircra ft expected arrival time , airport departure
time , altitude route , or beacon code revisions); i t takes a t  leas t 3 sec
to hand-copy this data onto proposal fli ght stri ps. The 2-sec flight
strip sequencing/removal even t refers to the on-line manual arranging
and ordering of strips .

R o u t i n e  Event  Frequency--Seven sectors , r ep r e sen t i ng  d i f -
f e ren t  primary traffic flow charactc~~istics , were selected for observation:

• Sec tor 36 (Allatoona , ALU)--high enroute traffic ,
FL330* and above.

• Sector 37 (Crossville , CSV)--departure transition
t r a f f i c , FL240-FL3 1O.

• Sector  38 (Nor th  D e p a r t u r e , N D E P ) - - d e p ar t u r e
traffic , FLI2O-FL230.

• Sector  41 (Norcross , O C R ) - - a r r i v a i t r a f f i c ,
FL12O-FL230.

• Sector  42 (Lanie r , 2 L l ) - - ar r i v a l  t ransition ,
t r a f f i c , FL240-FL3 1O.

• Sector  46 (Commerce , 2CP) - - low  a r r i v a l  t r a f f i c ,
surf ace to FL 1IO.

• Sector 52 (Hinch Mountain , HCH)--low enroute
traffic , surface to FL230.

One additional sector , 51 (Rome , RMC ) , representing an eighth traffic
flow characteristic-—low departure traffic , surface to FL11O--wa s also
observed, but data collection was not successful because of faulty re-
cording devices.

The A tlanta Center sectors are configured in a radial
traffic flow design centered on the Atlanta terminal area . Four departur ’
corridors  take  c l imb ing t r a f f i c  from A t l a n t a  to the  nor th , east , south ,
and west , w h i l e  four  a r r iva l  co r r idors  t ake  d e s c e n d i n g  t r a f f i c  i n t o  A t -
l an t a  from the n o r t h e a s t , sou theas t , southwest , and no r thwes t . Sec tors
are s t r u c t u r e d  s tepwise  along these c o r r i d o r s.

*FL ( f l i ght  l evel) is pressure  a l t i t u d e  in hundreds  of fee t ;
FL330 33,000 ft.

i i
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Sectors 17 and 38 handle- aircr aft .11 OII~~ t i l t ’  nor thbound
departure’ ce’~~ ~er , w h i l e  Sectors 41 ant I 42 h a n d l e - aircraft along the’

arrival corri~ r from the northeast. Sec-tor 18 accepts out bound air-
era ft , primarily air! tnt ’ fl i ghts , from the At lant a Terminal Radar  Con-
trol (TRACON). Sector 17 processes t ransitioning aircr aft c l i m b i n g  out
of Sector 38, while Sector 42 processes transitieming traffic descending
into Sector 41. Sector 16 oven tes Sectors 17 and 18 (as well as others)
and handl e’s high cruising overflights -is we’ll Is 501St’ t ransit toning .ii r—
craft into and out of sectors below it .

Sectors 46, 51 , and 52 di ffer from the :ibe ve st’c(ors i n
tha t t hey  handl e-  p r imar i l y nonairl inc ft ight s in l ower a i r s p a c e . They
handle low overfl ights and transit t on ing  traffic Into and clii t of a t r —
ports outside the At I ant a terminal area. In add it ion , Sector 46 , w h i c h
underlie-s Sector 41 in the northeast arriva l corridor , processes t r a ffic
into the Atlanta TRACON airspace. Sim i I a rl y, Se-ct or SI (no cia t a records
retained) underlie ’s Sect or 18 in the n o r t h b o u n d  dt ’pa r t u r t ’ corn  dot- and
processes aircraft out of the TRACON airspace.

As expec ’t e’d , t ra ff ic cent rot t e c h n i q u e s  vary f rom sect eli

to Sector according to traffic flow chn racteri st Ics and cent rot requl re - —
ments .  ‘Flit ’ d i f fer e n c e ’ s and similaritie s in  cont ro l opt - rat  ions are ii—
lust rated by the inca set remen t s o f event frequencies summarized in T.u hi e
Each frequency val ue’ is the rat i o of the’ total number of cve’n t s observe’ti
to occur in a sector over a long pe’rlod of t Ime t o  t h e ’ tota l nurnbe’r of
aircraft ge’nerat i ng the’ events; therefore , e.i ch fre’que’ncv vat tie i s ~tti
e m p i r i c a l ly  d e r i v e d  rep re se’n t at ion of the expe ’c ted r a t e ’ o I even t occur —

tenet’ associated with each aircraft . The d a t a  bases for these e’Ve’flt

frequencies are’ described in Appendix A .

Rout  In c  Workload  We igh t I ug — —The’ cent rol even t dat  a rn e’a sul - e— - 
-

men t s provide a mechan i sm for  e’st ima t Eng the team rout tnt’ workl oaeI as so —

elated with .i sec tor  f t  [gu t . C~i I cu l a t  e ’ti workload We’ I gh t tngs for each
event are obtnini ’el by mul t tplying even t performance’ t ime’s 1w appropria te’
event f requenc  tes .  i’he resul t ing team (H and I) cont ret 1 ers) rout i ne’
workload we i gh t tn g s  by sec tor  (as  summarized  in Appendix C) foi- Sectors
36 , 17 , 18 , 41 , 42 , 46 , and 52 are 51 , (~6 , 77, ‘)2, (~6, 81, and 101 m a n — s e - c - f
aircraft , respectivel y .

h. Two—Man Team Con ft ict Process m R  Work

A i r c r a f t  c on f l i c t  situations arise’ wh en t h e ’r e ’ is ~i preispec—
Live violation of the minimum separation allowable between aircr aft. Be-

cause’ prevention of such situa t tons requ l te’S c’orrect lye  at - t  ion in  adv ant’e’ ,

12
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con ft t c avo I dance- by t ht~ con t ro l l  t~~t nec ess i t  I t t  es a rat ht- r we’ i t —dt’vt~l op ’d
cap .thi 1 1 tv t o  pt-tct -I vt - potent I - l i  t’onfl I ct , to m e ’ut a l  i v  proj ’e - t  f t  Ight
I ra cc- t o r t e ’s. Tht ’ R conE roll ~-r act lvi 1 1 0 8  .tre’ tle ’t oct ton , l f l t l  , t S S e ’Sst f lef l t

and rose In t ion o t pot t~n t I a I con f t  I c E  s.

The- dot oct ion and .ISS t-SSme ’ll t task en tails sit ult t ion  r t ’cog—
ii it tein and ic t ton set t’c t ton base -el on t rat’ ft e~ dat  .t cit-ri vt-d from i’VD surve~ 11 —

1 anci’ and ft I ght st rips; the re-sot u t  Ion is I ho i ssuane- t’ and nt-got I at ion of 4. ‘
I

con trol Inst m d  tons by moans of A /(  ce)mflhuIflie’Iit t on . Efft’c I ye Jet oct ion

and as si’ssment depend , t o  .t t a rgi - t~X t  e’n t , on judgm on I and fam i l i ar i t y w it h
proc t’elti re’s dev t’l~ p i’d through con t rot t~xpt’ l i  tm ~ n Ohs 0 rva I ions reveal  t hat
journeymen R cent rot 1 ers h l t v t - ri - f  i n t ’d t hose C.ipl lh l i l t  I L’s t o  such a degree
t hat  ~ I t u a t  ton resolut ion I n s t  r u c t  ions  .trt’ I yp t c ,t l  lv  Issued ~ ien c o n f l i c t  —

ing a i r c r a f t  f i r s t  en ter  the’ soc -t o t  ( I  - t ’ . , on f i r s t  commun ic l it  ton w i t h
t h e  R con t r o t !  or 1i . Tht- co rrec I I ye at- t ion s , wh ich  usna l i v  occur f I Vt’ or

men ’ ml n u t  t’5 he fo re’ v io l  at  I on wont d he’ inn i non I .1 r t ’ p ot  fo rinod .ts Soon -IS

p~~~s l h l t ’ to avo id  p o s s i b l e  c on t r o t l e - r di st r . i c t  ions  1w o t he r  c r i t  i c . i l
s t t t t . t t  ions.

Confi le t i-’vt-~ t’ P e r f o rm ance ’ TImt7—— Cont r o l l  or m t  e’rv i eWS ~tnd
re’vi t ’W of videotaped ae-t Ions revea l that two con f i  i c t r oact  Ions ,ltt’ per t  i
ne-nt t o  controller workload: p o t e n t  I.il crossing conflict and poten t toil
overtaking conflict .

Crossing  con f t  I e~ t s 0cc li t .1 t t l i t ’ m I t ’ rsec t ion  or me’ rg L u g
of  a i r rou t e’S , Whit V eve’ r t  akes CCCLI V I l l  oflg ron t os ; in  c it her 0.1St’, .i I r—
c r a f t  may be ’ in climb , descent , or c r u i se . The choeracte’rist I e’s ot  t’Ilt ’ll
e’ve’nt that a f f e c t  workload are diStinguished i-t v the t Inc rt’qui red to  pt ’l’ —

fo rm the Jet t~dt ton and assessment  and t h e ’ resol ution tasks ( se’e Tah i t ’

Tho dec is ion—making t L ine’ ( 2t ) st”.’) dt ’V Ott) d to  tIt ’t t’0t ion is 4

the sam ’ for  bo t h c o nf i  i c t  even t s 4 w h i l e ” t h e  resolution t a s k  t Inc of ,t

pot e’flt i - l i  CE OSS In g  con f l  i c t  (40 sec ’~ i s  t w i c e  t h a t  Ct .i pot cut  1.1 1 o ver t  .1k—
ing conflict . This Is because’ c o n t r o l ler s  ge ner a l l~ ’ r e ly  on v e c t o r i n g  ot

. 1 1  tI E tide- r e -v t  s ton to correct ‘ross tug confli cts and oft en i.t I er i n s t  rue
a i r c ra  f t  to ret urn to i t s  o r i g i n a l  course .

C o n f l i c t  i ven t F r e q u e n c y — — S R I  l i - i s  develop ed -l number o
s imp le ’  math e-m a t i c . t l  r e - t a t  t onsh ip s for  t’St m a t  l ug  th e -  expect  od number of
pot ‘nt t a t  c ro ss i n g  and e iv e - r t ak t n g  c o n f l i c t  events In  .t se ’e- t or over .t
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Table 3

CONFLICT EVENT PERFORMANCE TIME ESTIMATES
ATLANTA CENTER , TWO-MAN SECTOR OPERATION

SYSTEM 1A- -NAS STAGE A BASE

Minimum Task
Performance Time*

Minimum Event(sian—sec/task)
Conflict Event 

_________________ ______________ 
Performance

- TimeDetec t ion
and Assessment Resolution (man—sec/event)

Crossing 20 40 60
Overtaking 20 20 40

*
- Based on data collected at the Los Angeles Center and observations of
A tlanta Center operations.

specified time peniod .t These mathematical models relate the frequency
of conflic ts to sector-specific parameters describing the aircraft flow
rates and speeds along each route, th e separa t ion minima, the intersec-
t ion and merging angles be tween the route s , the numbers of intersections
and merges , the length of rout es , and the number of flight levels at
which conflic ts can occur. The mathematical formulations are structured
to xeflect specific sec tor and tra ffic characteristics affecting conflict
even ts.

The application of the model ing techniques to the seven
sectors is described in Appendix B and ,results in the confl ict event
frequency factors shown in Table 4. Since conflict even t frequency is
related to the intersec t ions of pairs of aircraf t , ra ther than directly
to each aircraf t , the factors estimate expected event occurrence as qua-
dra tic or bilinear functions of hourly sector traffic flow.

~The models have been used on numerous occasions by SRI to evaluate
sec tor traffic capacities at various enroute and terminal area control
facil i ties , and they appear to be quite realistic representations of
observed traffic situations.~

”
~
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Table 4

ESTIMATED FREQUENCY OF CONFLICT EVENTS PER SECTOR
ATLANTA CENTER , TWO-MAN SECTOR OPERATION

SYSTEM 1A——NAS STAGE A BASE

Conflic t Event Frequency Factoi

Sector ((conflicts/hr)/(aircraft/hr) 2J

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Crossing Overtaking

High enroute (36) 4.8 X lO~~ 0.9 X lO~~

Departure transition (37) 4.4 Xl0 3 0.5 X l0~~

Departure (38) 0 0.7 X 10~~

Arrival (41) 2.7 X 6.4 X

Arrival transition (42) 3.5 X l0~~ 5.8 X 10~~

Low arrival (46) 6.6 X l0~~ 0.7 X l0~~

Low enroute (52) 5.3 X 10~~ 4.3 X lO~~

Conflict workload veightings analogous to routine workload
weightings (i.e. , (mmn-sec/hr)/ (atrcraft/hr)2J may be obtained by multi-
plying the conflict e~ent performance times by the appropriate frequency
factor.

2. Radar Controlter Workload

A RECEP formulation similar to the team model was developed to
descr ibe R controller workload under two-man sector operation . R con-
trailer items of work are surveillance , routine work, and conflict pro-
cessing.

a. R Controller Surveillance Work

Surveillance activities could not be adequatel y measured
during the field observation and, therefore , are not included in the

16
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calibration of team workload However , since routine PVD surv e illa nce
is an important R position responsibility, we formulated assumptions
regarding surveillance frequency and time duration.

Information on PVD surveillance was developed from inter-
views with controllers and reflects their perceptions. To maintai n a
mental p icture of traffic movement , they are likely to look at an air-
craft ’s data display once every minute , 1 to 1.5 sec/look being sufficient
time to identif y aircraft and recognize situations. The assumptions- -
1.25 sec/look and I look/aircraft -mm --result in the surveillance workload
veight ings presented in Table 5.

It is reasonabl e that the rate of surveillance wo rk per
aircraft is sensitive to the size of the sector; aircraft are in Sectors
37 and 46 for longer periods than in the other sectors , and they generate
proportionately more surveillance work. -

Table 5

R CONTROLLER SURVEILLANCE WORKLOAD WEIGHTING , BY SECTOR
ATLANTA CENT ER , TWO-MAN SECTOR OPERATION

SYSTEM 1A——NAS STAGE A BASE

Aircraft Average Surveillance
Sector Transit Time Workload Weighting *

(mitt) (man—sec/aircraft)

High enroute (36) 20 25’

Departure transition (37) 21 26.25

Departure (38) 12 15

Arrival (41) 19 23.75

Arrival transition (42) 18 22.5

Low arrival (66) 21 26.25

Low enroute (52) 14 17.5

Based on 1.25 man_ sec/airCraf t~mth.

17
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b. R Controller Routine Work

Dur ing intense traffic activity, the R controller concen-
trates on the traffic in his sector , primarily occupy ing himsel f with
basic traffic structuring, pilot requests , and equipmen t operation .
As a r e su l t , he performs a l l  A/C communica t ions  as well  as tasks  assoc ia ted
with active flight strips (including all traffic structuring and pilot
request flight strip processing), various RDP-related action s, and h i s
half of direct voice conmunications. The resulting task performance t imes
are shown in Table 6. Workload we i gh tings based on the event frequencies
of Table 2 are suninarized in A ppendix C for both the two-man team and the
R controller alone .

c. R Controller Conflict Work

The two-man conflict processing workload is allocated en-
tirely to the R position .

3. Workload Modeling

Both the two-man team (R and D controllers) and R con troller
workload models were developed during the Los Angeles Center case study.
The team model is based on data measurements of observed routine and 

. 

-

c o n f l i c t  processing con t r o l l e r  ac t i v i t i e s  (as described in the  preceding
paragraphs) and is used to e s t i m a t e  the sector control team workload t ime
devoted to these activities as a function of traffic flow rate. Sector

team workload time , WT, measured in man-mm /br , is calculated using an
additive model of the work components:

W
T 

= k
1

N + k,,N + k
3

N
2

wher e

N is the number of aircraft/hr through the sector.

k
1 

is the team routine workload  w e i g h t i n g ,  measured in man-min /
a ircraft.

k
2 

is the crossing conflict workload weighting measured in
(man-min/hr)/(aircraft/hr)~- .

is the overtaking conflict workload weighting measured In
(man-min/hr)/(aircraft/hr) 2.

. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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Tdb le  6

K-CONTROLLER EVENT M I N I M U M  PERFORMANCE TIME ESTIMATES
TWO-MAN SECTOR OPE RA TION

SYST~~4 1A——NAS STACE A BASE

I l in  imo’s lask  P er ~~or ~~j~~s Time Min imum
K o u t -. s  ~~~~~~~~ i v e ~~ P~~~~r i p t i u n  - , Eve n t

(man—scc / .~ k ) P . r  f o r m —  

~~~~~~~~~~~~~ - —— — — - - - — - - - — -  — —- — - -- —— —~~~~~ - ~ _~~_ ___ _~~~~ _ ~Ifl~~t’

Flig ht Inter— I Direct Tim e
Fven t R~ sj~ Even t and 

A/C FD P / RDP Strip phone J Voice (man-sen

F un ct i o n  Supp1 emen t~~1 Event  
~~~~ ~e

PFO
~~ 

Co 
ni4i

ol
~~

un i
~ 

ev e n t )

Cont r ol  Hando f i  a c cep t ance
j u r i s d i c t i o n  Flight jata update
t rans fer In t e r se c t o r  coord inj t  i n  3 3

New flight stri p p r epa ra t i on
Handoff initiation—automat ic

Manual i n i t i a t i o n — s i lent
Intersector coordination 3 3

T r a f f i c  Initial -p ilot call—in -. 1
structu ring Flight data altitude insert I

A lt i t u d e  ins t r uc t ion  4 2
F l i ght data altitude amendment
Intersector coordination 3 3

Heading instruction 2
Flight data amendment
Intersector coordination

Speed instruction S 2
Intersector coordination 3

Altimeter setting instruction 1 -.
• Runway asaignm.nt instruction 3 3

Pilot altitude report 5 2
Flight data altitude insert

Pilot head ing report 5 2 - 
-

Pilot speed report 5 2 7
Traffic advisory 4 4

Transponder code assignment 4
Flight data code amendment 2 2

Miscellaneous A/C coordination S
Frequency change instruction 4 1

Inters.ctor coordination 3

Pilot Altitude revision is 2
request Flight data altitude amendment

Intersector coordination 3 3
Route/heading revision 2 10

Flight data route amendment
Intersector coordination 4

Speed revision 2 8
Clearance delivery 2 22
Miseellan~ous pilot request 

8 8

Pointout Pointout acceptance
Data block suppression 3 5

Pointout initiation -, -s

;one ra l Contro l i n s t  r s s ~ t ion approval
i n t e r ~ ec to t  Planning advisory
coordinat ion Aircraft st.itsis advisory 3 I

C ontrol  j u n iad  i s t  ion advisory I 3

Clearance deliver y I
Fl ight .l,tu update

- - -n ..ra l F l i g ht d a t a  c-s t i ma t e  p late
.v t em Data block/leader line oft s,’t 2 2
‘peration Dat., block to r 5’ing/rem.’val

‘I s - ,’ I lane,’u~ data sorvi ce
Flight strip sequencing/removal
Eq ui p ment ad j u st m ent
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Using t he  t e a m  worki  o- i d  model to  cons rue t the R Cont roll .‘r
n~~del , we at b eat  ed (as de sc r ibed  in the preceding paragraphs) port ions
o t ~ the t e am ’ s r o u t i n e  work and ~t l l  c o n f l i c t  p r o c e s s i n g  work t o  t h e  R
controller and i n f e r e n t i a l ly  d e r i v e d  R con troller surveill ance work .
R controller workload t ime, Wg, meas ured in m a n — m i n / h r , i s  cii eu l  a t  ed
u s i n g  the  a d d i t iv e  model of the wo rk componen t s:

W = k ’N + k N + k N + k ,N ,R 1 2 3

where

N , k ), and k are described as above for  the  team mod el .

i s  t h e  R c o nt r o l l e r  rou t  inc  w or k l o a d  we igh t ins  in  m a n — m i n i
- ii rcraft.

k , is  the  s u r v e i l lan c e  work load  weigh t i n g  in m a n — m i n / . i i r c r a t t .
-4 3

The impor t ance  of t h e  workload component  S t r u c t u r e  of the team
and R c o n t r o l l e r  models is the c a p a b i l i t y  to d i s t i n g u i s h  the  c o n t r o l  work
r equ t  cements  of  d i  f f er e n t  s~’ct  or s  in a manner  t h a t  is scus it  j ye to each
Ste ‘ s operat tonal c har a c ter  i st  I Cs. Sector  rout  inc work lo ad  (k 1N or

in c reases  in d i r e c t  proporti on to the t ra  f l i c  f l o w  r a t e , but v-In es

from one sector t o  ano ther  d e p e n d i n g  on the pattern of t r a f f i c  f low
th rough  each sec t or as w e l l  ~is each sec to r ’ s procedura l  rul  Cs. For cx—
amp le , t h e  rout inc workload weighting (k1 or 

k )  fo r  an arrival sec t o r
twhere  v e c tor i n g  i n s t r u c t  ions .ire f r e q u e n t  ) would d i f f e r  from that of a
h i gh en r ou te  sect o r  (where  vet - b r i n g  is not as f re q u e n t) .

Recall that su rye iii .~nce work load we igh t ing t k~ ) increases i n
d i r e c t  p r op or t ion  t o  sect or f l i gh t  t ime ; t her~’fore, surveillance work i o~id
(k 4N) i s  s en s i t i ve  t~~ the geogrip h it - Sl~~r’ of a s ec to r  .is we l l  15 the
1-a fti c f l o w  r a t e . P ot en t  i i i  e t - o s s i n g  and o v e r t a k i n g  c o n f l i c t  w o r k i c a d s

or k 3N
2) increase with the square ot the t raffi c flow r a t e .  The

c on f l i c t wo r k l oad weight in gs i~k., , k3
) calculated for one sector would di ~ t e~’s

f rom those of another , depend ing  on th~ comp l e x i t y  of each sec tor ’ s r o u t e
ructul- r’ and it s procedural rul es. In p ar t  i cut Sin , t he den v i  t io n s o

the c o m f i  l e t  workload we igh t  ings ~iis i n i ~ t h e  conflict event frequencies
is described In Append ix  B) c.in model .i va ri et v of a rer .ift crossing and
merging sit uat ions including level/level • level ci imb , climb - c l i m b ,
l evel  !de scen t  • and so for t h .

The st rue tu re of  t he  w o t k  load model equa t I on s ~‘nah I es flS to

di  f f er e n t  tate the t r a  ( f t c  c ap a c i t i es  o f  v-i r i ot i s sect or s  ba sed on work l cad
c har a ct e r  i st i t -s .  Our cap ac  I t  v est Ima t ion p rocedure  i s  de sc r ibed  in t h e
id t o w i n g  paragrap hs. As p ar t  of t h i s  d e s c r i p t i o n , we ~ t l  1 hr  t e l l s -  show
how we calibr ated t he  t eam model of observed s e c tor  c.ipaci ties . The
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calibrated team model is “descriptive” in nature and , analogous to re-
gression analysis , empirically relates observed data (controller activi-
ties) to an outcome (sector capacity). The R controller model is an
attempt to develop a “causative” model of controller behavior by account-
ing for all the work associated with this position. It was therefore
necessary to include inferentially derived (from controller interviews)
surveillance workload, which is not based on observed data. A similar
attemp t to derive a causative model for the D controller was not success-
ful because we could not determine with certainty his surveillance re-
quirements (complicated by D controller requirements to respond to R
controller, PVD, CRD, and FDP activities).

4. Sector Traffic Capacities

We use workload to de f ine  the  t r a f f i c  c a p a c i t y  of a sector;
in doing so, we assume that the number of aircraft that can be handled
through a sector during any given time is limited by controller or con-
trol team c a p a b i l i t y  to perform required communication , data maintenance ,
and decision making . Our observations of sector operation s indicate that
there is a maximum to ta l  t ime t ha t  a con t ro l l e r  or con t rol team can spend
performing control tasks. During the Los Angeles Center case study, we
calibrated the two-man sector team workload model using interviewed con-
trollers ’ estimates of sector capacities and found that 66 m an-mm /hr of
t eam routine and conflict work corresponded to reported capacities measured
in aircraft/hr .6 Using the calibrated Los Angeles Center sector capaci-
ties, we determined that the R controller workload threshold is 48 man-
mm /hr.6

We use these previously established workload thresholds--66 man-
mm /hr for the two-man sector team and 48 man-mm /hr for the R controller--
to estimate capacities for the seven sectors observed at the Atlanta Center.
We simultaneously apply the team and R controller model to each sector to
determine which one (team or R controller) constrains sector capacity.
The capacity estimation procedure is to calculate team and R controller
workload for successive 5 aircraft/hr increments in traffic flow, and to
interpolate the sector traffic capacity corresponding to the critical
workload threshold. The resulting point estimates of sector capacities
obtained by both models are shown in Table 7. Sectors 36, 37, 38, 41,
42 , and 46 are constrained by the R controller workload that results with
capacity estimates of 42, 38, 50, 30, 37 , and 35 aircraft/hr, respectively.

~ --~~~~ Sector 52 is constrained by the team workload that results with a capacity

*~timate of 33 aircraft-’hr.
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Table 7

SECTOR TRAFFIC CAPACITY ESTIMATES
ATLANTA CENTER , TWO-MAN TEAM OPERATION

SYSTEM 1A--NAS STAGE A BASE

Sec tor Capacity (aircraft/hr)

Sector Controller SRI Workload Model
Estimate* R-D Team~ R Coatrol1er~

High enroute (36) 40—45 57 42*

Departure transition (37) 35—40 50 38*

Departure (38) 45—50 50 50*

Arrival (41) 30—35 38 30*

Arrival transition (42) 35—40 46 37~

Low arrival. (46) 30—35 40 35 *

Low enroute (52) 30—35 33 * 35

*Cont roller est imates of sec tor capacities ob tained during interviews a t
Atlanta Center. - -

t
The two-man team capacity is that hourly traffic rate that generates
66 man-mm /hr of team routine and conflict work.

~The R controller capacity is that hourly traffic rate that generates
48 man-mm /hr of R controller routine , surveillance , and conflic t work.

SRI sector capacity point estimate.

For comparison , we also show in Table 7 the sector capacities
es t imated by A tlanta Center controllers. These es timates, obtained in
interviews during our data collection effort , correspond to our workload
model ing-based capacity estimates. In a subsequen t review of our capacity
estimates, an A tlanta Center supervisory staff member evinced general
agreement. However, he conjectured that our capacity point estimates for
Sectors 36 and 38 may be slightly high by a few aircraf t/hr, while the
esti mate for Sector 41 may be low by about five aircraft/hr. Since the
use of these estimates is to provide a baseline for relative productivity
of enhanced sys tems, these small capacity differences will not measurabl y
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a f f e c t  subsequent  compar i sons  in the report . Therefor e , we w i l l  use the
po in t  es t Imat t’S tier i ved by the w~ irk I oad models and the c.mpac it y t h resho 1 tl~
of 66 and 38 m a n — m m /h r  for the two—man team and the R controller , re-
spect Ively.

B. NAS Stage A Three-Man Sector Team (System IB)

Three—man sector  (earns were  not in operation during our scheduled
da ta cot t e c t  ion  periods , and mod- -i lug of t h e i r  t a sk  act  I v it i e s  i s  based
on controller interviews t and observations w It h o u t  da ta  c o l l e c t i o n  of
th ree—ma n opora t tons.  ~ ~~ Cont r o l l e r s  r epor t  that t h i s  m a n n i n g  st  r at t ’gv
roqu I res the T cont roller t o  work c 1~~st’t v with the R coot roller , w h i l e
the D coot roll or is opera t tug in a less i- et c t Vt role . The 1~ c on t r o l le r
per forms the time— cr1 t teal . FD P/R 1W manua l opera t Ions in re mt- t ion to R
c o n t r oL l e r  mc t i ons  and a s s i s t  s in  f t  I ght  St ri p processing. The I) con —
t roll or per forms much of  t he  jut ti -ph one’ commun i cat ions and tht’ I os s
traffic—react lye FDP/RDP manual operations (e .g. , fligh t d a ta  est Irna t e’
upda t tog) and U I gh t stri p p roc~’ ssi ug (e .  g. , s e q u e n c i n g / r e m o v al )  .
n o t e  t h a t  a t  th e ’ A t l m n t  a (~out or the I cont rot Ion Is p hv~~1 ca l l  v ~ it n i t  ed
bet ween two adjecen t sOctoi- cot’ sot es so that he can use both sectors ’

FDP /RDP keyboards to manna 11 v tot t Ia to and accept hando f is bet wecu the
two soct ors. However • in this so—called “h it f—man ” operation , h i s  pr I —

many funet io’. ~h r i n g busy pe r iods  is to d i r e c t ly  suppor t  ont ~ ’ one of t he
two R cent rot I ens , thus effect i vol v being i n t e g r a t e d  In to the cont rot
o per a t i o n s  of one sector team.

Stnct’ the R—T contro l operat ion Is similar in structure to the
R—fl team operat jon of the two—man sec to r  m an n i n g  strategy, the 66 man—
miii ‘hr workload l imit Is assumed to app l v  to the R—T team. The cor-
responding R—T t earn rout inc event perfo rmance t imes are shown in Table 8.
Tasks performed by the Il con troll r a re not inc 1 uded in this model forisu—
L~i t  ion  as h I s work load w i l l  not coost rain t r a f f i c  eapa c  i t  v.

The 38 man—m I n/hr work I oad limit app I it’s to the R cen t roll t n.  R eon—
r o l l e r  t a s k  al l e c i t  ions  are s i mi  t a r  to those d e s c r i b e d  for the two—maii

opt r a t  i on ext-opt for t i- ins fer  of  some t i - a  ( f t c  structuring fligh t strip
p r o c es s in g  .mntl 1’DPIRDP opt rat ions to the T coot roll or. We assume that
the  -r con t ro l ler  w i l l  t ak e  over t h e  f l i g h t  s t r i p  p roce s s ing  associated
with the at t It ude’ Ins t ruct (on and t rausponder cede assignment events
(in conjunction with the Ft)P/RDP manual  t a sks  r equ i red  fo r  these ’ e v e n t s) ,
as well -is t h e  FDP/RDP manua l opera t ions for polo tout accept ant- o — eta a
bl ock suppression and data block/leader l ine offset events (which parall el
his h an d o f f  .ict [vtttes) .
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t a b l e  ~
~~~~~ ThAN LeOUTINK L(VEN r MiNIMUM PLiItI-OKM AN CF . UM.E F.STIt4MES

ATLANT A CENTER , THREE-MAN )EC?0R UPERATIJN
SYSTE M ~~~

. 
~~~~~~ STAGE A SANE

Min imum Task Per(orma,,c. Time 5 Mini m u m
Ro u t i i .~ C~nt raI FV5l~t ~-~~~r tpt~~’~ (me n—se c/ t eak)

_____ ance

~ 
Flight I n t e r —  Dire c t TIm ~~

Eve nt Stisic t\’Oflt ~~~ Commit Strip phone lo ic . (tsa n—~ecI

- 

ru n t  e, t  
- -- - 

~~~~~~~ 
C o -  CoIrgDUni’

Control H~ndofC acceptance 2 1 3
jurisdiction Flight data update 1 3
transfer Intermector coordination Otl ) b it Ii

New flight strip preparation 0(L0) 0(10)
H~indotf intUation—automatic I

Manual initiat Ion—s ilent 3
_______ intersa ctor coo rd in-etion 

_______ - 
7 6 13

rr a t r i c  initial p ilot call—In 4 1 5
structuring Flight data sit itud. insert I I 4

Attitude tn.ttructton 4 2
Flight dmta altitude amendment
intecsectot coo inetion 015” ii 6(115 j

Heading instructi on S 2
Flight data amendment 10 10
Inte~.ector coordination 0(5) 6 6(11)

Spssd instruction S 2
Inters.ctor coordination 0(5) 6 6(11)

Alttmit.r setting Instruction 1 1 4
Runway assignment instruction 1
Pilot altitud , report 5 .

. 1
Flight data altitude ineert 3

Pilot heading report 5 2 7
Pilot speed report 5 2 1
T r a f f ic  adv isory 4
Transpond.r cod. assignment 4

Flight data cod , amendment J 2
Mtsc.tLan. oum A/C coord ination S -‘

Frequen cy change inut ruct ion 4 1
intersec to t coord inat Io n 0(4) 6 6(10)

Pilot Altitude te,taton 6 -‘

Flight dat a attitu de amendment -~
t nt ersector coo rd inatio n 00.5 6 6(115

Route/he ading revi si on 5 2 ii)
Fligh t data route sm.ndmen t 10 tO
Interse ctor coordination 0(6) 8 8(14)

Speed revision 6 2
Clearance delivery 2%) 1 2 2
Miscellan eoue pilot request S

‘oi ntou t Loin t out acc eptance 0 ( 7 )  8
Data block suppression

Poin t ou t i n i t I at ion 1 1 7 8 2)

-Cin.rsl Co ntrol iustr,i.tion a~proVa t ~~S 5 6
t a t- rsector Pl~nntng advisory 6 6(115

rdtnst ton Airc rslt status advisory ~) ( 5 5  1 6( 1 1 5
eoot  c c i  )utimdiction advi sor y ~~~~ 6 6 ( 5 2 5
Cle-irarw e de liv ery 0(2)  0t . ’~~ i

f lig ht 1 0 ,  update i t  1 5 % ) ~

- - i - t * l  Flight date estimate update 0(11 Ot I) 
a fl~ t a  b~ ock (t, ’ad.t line of f s e t  1 2

-~~- , i t  t o n Dna block (orc (ng/re1 *v st -~
Misc .’ lane, ts da ta s~rvic~ 1
F l i g h t  str ip e.quencinglr.moval t) , 2 5

— - 
t~ u1 pment aj justm.nt l

\.~~~t oct ~~‘ -~~ ~ IA - - i  ~~~~~~ 1m,~ ~~~ ~i % l L l I ~ i lii patcnIti, .es .

i i i .  ii - - - _1 Iii - I ‘ - - : t . - I I  ~o _i -ofl-~’-t ~~~~~ ~‘~‘1c - oI5ui~inIc .0 tOn Ii ni ’ l i i i  it i i
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Conflict processing and surveillance work are the same as those
described for two-man sector operation s . Routine event frequencies are
as shown in Table 2, and routine workload weightin gs are summarized In
Appendix C.

- 
- 

Sector traffic capacity is the traffic flow rate that generates the
quantity of work corresponding to the R-T controller team (66 man-min/hr)
or R controller (48 man-min/hr) workload threshold , whichever is critical .
Under three-man sector operations, the capacities of Sectors 36, 37, 38,
41, 42, 46, and 52 are 44, 42, 55, 32, 40, 37, and 37 aircraft/Itt, re-
spectively. in each case, the R controller (48 man-min/hr) limits capacity .

[1
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III  ENHANCEMENT SYSTEMS

In this section we describe the technological and operational aspects
of various proposed UG3RD enhancement features and assess their impacts
on sector workload and traffic capacity. These features are :

e Automated data handling

e Enroute metering

• Au tomated local f low contro l

• Conflict probe

• Area navigation (RNAV)

• Discrete Address Beacon System (DABS) data link

• DABS—based intermittent positive control (IPC).

The enhancement feature descriptions are based on documents””
describing the FAA engineering and development plan for enroute ATC and
the UG3RD ATC System , on consultations with Los Angeles Center  personnel ,
and on our experience and judgment. The descriptions are SRI’s views on
how the various features might be implemented in an operational enroute
environment and do not necessarily confo rm to the referenced documentation .

We consider each feature , in the order of the above list , to be in-
crementally added to the preceding feature . The current NAS Stage A
System described in the preceding section is taken to be the base system. - 

-

A. Automated Data Handling (Sys tem 2)

Automated data handl ing includes the implementat ion at  sector posi-
tions of the following automation items :

• Electronic tabular flight data disp lay

• RDP/PVD refinements.
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1. Electronic Tabular Flight Data Display

The tabular display is the major item of interest because of
its impact on sector controller activities and its sector configuration
redesign implications. The tabular display, an electronic alphanumeric
presentation of fligh t data currently printed on the paper fligh t strips ,
would replace the fligh t progress board . The disp lay is assumed to be
re freshed automatically by the FDP computer system and to be accessible
by sector team keyboard entry devices. It is designed to eliminate manual
flight strip processing by consolidating all on-line data presentation
and maintenance into an FDP computer-interactive format (thus nullify ing
current system requirements to simultaneously perform redundant FDP and
flight strip processing operations) and to facilitate sector team hand-
off and pointout operations.

Use of the tabular display would affect control work by altering
the task performance items as shown in Table 9. For example , the FDP com-
puter system is capable of recognizing handoff initiation and acceptance
events and automatically indicating their occurrence on a tabular display
of flight data for each aircraft. This capability eliminates the- 1 man-
sec manual recording on flight strips of a handoff event. However, prepa-
ration of new flight files for unexpected aircraft pop-ups must still be
performed (obtained from Table 1 by transforming the associated 10 man-sec
flight strip processing task into an FDP operation of equal time duration).
Silent handoff initiation could be manually performed by a 1 man-sec
“button pushing” operation on the aircraft’s electronic flight data tabu-
lation , rather than the current 3 man-sec FDP/RDP operation.

For traffic structuring and pilot request events, the R con-
trollers’ flight strip processing tasks become D controller FDP operations.
Event recording tasks (i.e., recording the occurrence of a pilot call-in ,
altimeter setting , or frequency change ins truction) are assumed to be ac- 

- 

-

coinplished by simple direct entry devices on the tabular display; they - 
-

would not take longer than the current (flight strip) performance times
of I man-sec each. Since current FDP data entries require 3 man-sec to
perform the necessary keyboard operations , this value is assumed to apply
to data entry operations using the tabular disp lay. Therefore , imp lemen-
tation of the tabular display would actually increase data entry operation s
by I man-sec relative to current fligh t strip entries. The 3 man-sec data
entry time may be a pessimistic estimate if one considers the possibility
of designing improved man-machine interaction devices as part of the tabu-
lar disp lay, but it is nevertheless adopted for lack of more precise data.
The FDP operations required for accepting handoffs could also give a visual
signal (e.g., blinking light) from the aircraft ’s fligh t data tabulation ,
which could be removed by pushing a button upon issuance of the radio

28
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tsbIc, 9

R-D TEAM ROUT1NE EVENT MINIMUM PERFORMANCE TINE ESTIMATES
TWO-MAN SECTOR OPERATION

SYSTEM 2--AUTOMATED DATA HANDLING

Minimum Task Performance Tim.* Minimum
ftoutin~ Conttol Event Description Event

(man—eec/task) Perform-
___________ _______________________________ _______ ______ _______ ______ ance

Flight Inter— Direct Tiuse~
Event Basic Even t and C 

A,G 
— 

FDP /RDP Str ip phone Voice (man—sad
Function Supplemental Event c~~~~ 

~ o~~r Pro— Cou uni— Conmuni— event)
°“ ‘easing cation cationt _______

Control Hando f f  acceptanc e 2 0(1) 2(3)
jurisdiction Flight data update 3 3
transfer lnterssctor coordination 7 6 13

New flight strip preparation 10(0) 0(19) 10
Randoff initiation—automatic 0(1) 0(1)
Manuel initiation—silent 1(3) 1(3)

___________ Int.rs.ctor coordination _______ ______ 7 6 ~Ll~
__

Traffic Ittitial pilot call—in 4 1(0) 0(1) 5
structuring Flight data altitude insert 3 0(1) 3(4)

Altitud, instruction 4 3(0) 0(2) 7(6)
Flight data altitud e amendment 0(3) 0(3)
Entersactor coordination 5 6 ~

Reading instruction 5 3(0) 0(2) 8(7)
Flight data .a.ndaent [0 10
Intersector coordination 5 6 11

Spead instruction 5 3(0) 0(2) 8(7)
Int.ra.ctor coordination 5 6 II

Altimeter setting instruction 3 1(0) 0(1) 4
Runway assignment instruction 3 3
Pilot altitude Ysport 5 3(0) 0(2) 8(7)
Flight data altitud . insert 0(3) 0(3)

Pilot heading report 5 3(0) 0(2) 8(7)
Pilot .pe.d rapori 5 3(0) 0(2) 8(7)
Traffic advisory 4 4
Trs nspondsr code assignment 4 4

Flight data code amendment 3 0(2) 3(5)
Misc.llsnaous A/C coordination S
Frequ.ncy change instruction 4 1(0) 0(1) 5
Intarsector coordination 4 6 10

Pilot ’ Altitud. revision 6 3(0) 0(2) 9(8)
request Flight data altitude amendment 0(3) 0(3)

Inter.ector coordination 5 6 11
Rou te/heading revision 8 3(0) 0(2) 11(10)

Flight data route amendment 10 10
intereec tor coordination 6 8 14

Sp.od revision 6 3(0) 0(2) 9(8)
Clearanc, delivery 20 3 0(2) 23(25)
Miscs llanso us pilot rsqu st 8 8

Pointout Pointout acceptanc e 3(0) 0(7) 0(8) 3 (15)
Data block suppression 3 3

Pointou t initiation 3 0(2) 0(7) 0(8) 3(20)

General Control instruction approval 5 6 11
intersector Planning advisory 5 6 I I
coordination Aircraft status advisory 5 6 U

Control jurisdiction advisory 6 6 12
Clearanc e delivery 0(2) 20 6 26(28)

Fligh t data update 3 3

General Pligh t data estimate updete 1 0(3) 1(4)
syste m Data block /leader line of test 2 - 2

~p .ratt~n Data block forcing/removal 3 3
Miscellaneous data service 3 - 3
Pligh t strip sequencing/removal 0(2) 0(2)
Rquipment adjustment 3 3

a
Revised System IA perfomance times are indicated in parentheses .

lndicat.d value is double the me*sured direct voice coemunication time duration.
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frequency change. We assume that a 1 man-sec manual button push would
replace the current I man-sec flight strip marking associated with a
frequency change instruction.

Al though FDP/RDP keyboard pointout currently forces a data
block display onto the recipient sector ’s PVD , no similar means is avail-
able to silently accept the pointout. The receiving sector has no flight
strip on the aircraft in question, and verbal intersector comunications
are used to transmit needed flight data as well as to confirm pointout
recognition. This data transferral could be effected by simultaneously
forcing pertinent flight data onto the receiving sector tabular display
when pointout initiation is performed, thus negating the need for the
interphone and associated intrasector voice consultations. As shown in
Table 9, acceptance of the pointout is as sumed to be conducted by means
of an FDP/RDP operation taking 3 man-sec.

Important reductions in general system operation work associated
with D controller operations are attributed to the tabular disp lay ’s poten-
tial for eliminating much of the manual flight data estimate update and
flight strip sequencing/removal activities. The FDP computer system could
automatically transfer flight data updates to the tabular display. The
only action required by the 0 controller would be an FDP keyboard opera-
tion to acknowledge receipt of the update message- -a single action cur-
rently taking 1 man-sec. A computer-driven tabular display would be
capable also of automatically sequencing and removing the flight data
presentations , thus eliminating the manual flight strip arranging opera-
tions currently conducted by the D controller .

Assuming that these operations can be successful ly  incorporated
into a tabular disp lay design ,* we find it clear that the flight strip I -~

printing process and the A controller would no longer be needed.

2. RDP/PVD Refinements

Two minor system modifications are meant to eliminate certain
activities performed by the R controller to adjust the PVD. These are
an automatic data block/leader line offset and revised automatic data
block forcing/removal.

The intent of the automatic data block/leader line offset is
to eliminate the RDP-related manual keyboard operations performed to re-
duce PVD clutter caused by overlapping alphanumeric data presentations.

*
Fault tolerance based on mini- or macro-computer backup is discussed in
Reference 4.
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At present , radar target data block displays are automatically
removed from the PVD according to parameters set for the NAS Stage A
System. These parameters specify the time after handoff acceptance at
which data blocks are removed from the handoff initiator ’s FVD . In many
cases , the con t ro l l e r  i n i t i a t i n g  handof f  would prefer to retain the data
block disp lay for a longer time even though an aircraft is no longer under
his jurisdiction (e.g., to be able to distinguish a sector ’s outgoing from
incoming aircraft), and he forces the data block display back onto his PVD
by means of manual RDP keyboard operations. A parameter setting sensitive
to the data block disp lay retention requirements of individual sectors
would eliminate these manual RDP operations.

The effects of these fea tu res  on the f r equenc ie s  of rout ine
control events are presented in Table 10. All occurrences of manual data
block/leader line offset and data block forcing/removal are assumed
eliminated .

3. Sector Traffic Capacities

Conflic t processing and surveillance work allocations are as
described for System IA in Tables 3, 4, and 5. Similarly, System 2 team
and R controller routine work is allocated as in System IA , and resulting
workload weightings are suninarized in Appendix C. Using the corresponding
workload models , the capacities of Sectors 36, 37 , 38, 41 , 42 , and 46 are
constrained by the R controller and are 47, 45, 66, 34, 43, and 40 air-
craft/br , respective ly. Sector 52 is con st rained by team workload to H

38 aircraft/hr.

Since automated data handling eliminates significant manual
task activities , only neg ligible additional capacity gain can be ach ieved
by us ing  a three -man operation . The tabular  d i sp lay  a u t o m a t i o n  pe r fo rm s
much of the work that would otherwise have been off-loaded onto the th i rd
man . This latter sector manning strategy is not further considered .

We note that since A controllers are no longer needed , the
t a b u l a r  d i s p l a y  reduces the typical sector manning Lev el from 2.5 to 2.0

controllers/sector.

B. Enroute Metering

Enroute metering is viewed as an extension of terminal metering and
spacing, which is a device p lanned for use by feeder controllers for
max imizing airport runway utilization . Enroute operationa l impact would
be procedural in that pre ferential routes and flow restrictions (e.g.,

____________________________________ - - -~~ - 
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in-trail separations , speed restrictions , enroute holding) would conform
to terminal metering specifications . Without more advanced automation
such as data link , we do not envision significant time-over-fix sequenc ing
by controllers of arrival aircraft on an inbound route in the enroute air-
space ; the additional decision making and A/G coimnunications required to
precisely control time-over-fixes or to reorder aircraft would be prohibi-
tive and could be disruptive to routine traffic flow procedures. (Sequence
adjustments migh t be made as required at route merge points or during turn-
ing movements in the termina l airspace where more precise aircraft/runway
situation data are available).

The difference between enroute metering and current operations would
be the use of more dynamic procedural rules to guide the rate of aircraft
handoffs from the enroute to the terminal control facilities . Procedural
changes (e.g., in-trail separation revisions) could be coordinated by the
facility flow controller. However, since procedural changes would be
generated. by compt~ter , they could be transmitted directly to sector posi-
tions by means of the electronic tabular display or the CRD.

Since analogous although less dynamic procedural requirements are
currently in effect ,* we do not envision significant sector capacity im-
pact from enroute metering. Even though we will not further examine this
enhancement feature, we recognize that it could provide important support
to terminal operations. Therefore , enroute metering could be considered
as an incremental enhancement to the tabular display system , but wi th
negligible impact on enroute sector capacity.

C. Automated Local Flow Contro l (System 3)

Automated local flow control is analogous to enroute metering but
is designed to maximize sector capacity utilization. The real-time high-
integri ty data processing capabilitie s of NAS Stage A , in conjunction with
computerized traffic assessment devices , enable the implementation of this
enhancement.

We had previously performed a preliminary evaluation of such a con-
cept and found it to be a promising means for achieving productivity gains .4

*At the Atlanta Center , the flow controller monitors a centerwide presen-
tation on a PVD, coordinates (by means of interphone) with the Atlanta
TRACON and the center ’s area officers , and negotiates aircraft metering
rates into the terminal airspace as well as advising aircraft reroutings
in the center ’s airspace .
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This operation entails the imp lementation of on-line computerized capacity!
load prediction and workload balancing algorithms. The capacity/load
algorithm, integrated with the current digitized FDP/RDP data base, probes
for sector excess workload situations gene rated by traffic surges . The
workload distribution algorithm devises schemes to dissipate traffic peaks
by selectively de laying aircraft in appropriate sectors . This process is
designed to moderate short-term traffic peaks and would not solve long-term
massive traffic congestion problems. -

Imp lementation could be achieved through the automatic issuance of
in-trail separation directives to sector teams (by means of CRD messages).
Since sector teams retain command of the minute-by-minute decision making
required to set up traffic in conformance with the traffic restriction
directives , separation assurance degradation would not be experienced
during a failure in the automated local flow control system; operations
would revert to current manual (i.e., wi thout computer augmentation) local
flow control procedures. Overall operations would be managed by a facility
p lanning (flow) controller who coordinates with adjacent facilities and the
Central Flow Control Facility (CFCF).

Since automated local flow con trol is a means of maximizing controller
capabilities , we do not evaluate its impact on ind ividual sector operations .
However, we do examine in the next section its capacity impacts on multi-
sector environment.

D. Conflict Probe

Projections of aircraft flight trajectories by compute r calculations
of the digitized FDP/RDP data might be used in two ways to assist con-
trollers in processing potential conflict situations : first , to alert
controllers of imminent potential conflicts and to suggest corrective
actions ; second , to assess conflicts over a long-term horizon to determine
conflict-free flight path clearances. In either case , A/C communications
are required to transmit control instructions .

1. Conflict Alert

The current conflict alert device provides warning of an im-
minent potential confliction that occasionally may be “missed” by the
controllers . It does not impact the routine sector contro l workload
because the conflict alert projects minimum separation vio lation a few
minutes or less ahead of its occurrence , while the controller generally
projects conflicts further ahead in time . We will not further examine

34

-~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -——..~~‘-—-.— - — — -.  -



th is device with regard to c.pacl tv and manning impacts , although satT~’tv
is the issue iclative to Its benefit potential.

~~ . ~‘t ~~~ht Plan Probe

A c~m I Let p robe w i t h  longe r look—ahead capabi l i t  Le ’S is di ffi —
c u l t  to  assess. lo avoid excessive “false alarms ,” a degree of flight
plan description that is not currentl y part of the computer data files
may he requir ed . The projection 01 the minut e—by—minute variation in
aircraft tra lt’.ctories, wh ich are grasped by c o n t r o l l e r s  for  s h o r t - t e r m
p r o j ect i o n  purposes , would need to be incorporated in to  a c o n f l i c t - f r ee
path genera t ion  device . This ca p a b i l i t y  is p a r t i c u l a r l y  c r i t i c a l  in a
t er m i n a l - o r i e n te d  env i ronment  such as tha t  of the A t l a n t a  Cen te r , in which
me rging traffic flows are a xiajor part of basic operationa l procedures ,
or in any high—density traffic operation .

O p e r a t i o n a l l y ,  a f l i g h t p lan probe may be used to assess c l e a r -
ance dec is ions immedia tel y after airport takeoff , during rou t ine clearanc e
change issuance (e.g., route amendment , altitude revision) , and at entry
into a sector. The first two assessments would entai l a fairly extensive
look-ahead horizon ~e.g., a few sectors) , which may prove i n f e a s i b l e  be-
cause of high f a l s e -a l a r m  rates .* The latter assessment appears more
l i ke ly  of success if  the look-ahead hor izon is r e s t r i c t ed  to a s ing le
sector .  Wi th  this  secto r conflict probe , more resolution alternatives
may be available , since both aircraft in a potential conflict are in a
single sector ’s jurisdiction ; the fligh t pa ths of e i ther  or both aircraft
may be revised . In addition , the procedural rules governing a single
sector ’s traffic contro l operation may be more read i ly  adapted to com-
puterization than those of a moving multisector projection horizon.
Therefore , we will examine the sector conflict probe ’s effects on opera-
tions with the understanding that the technological capability of project-
ing conflicts in an operational environment at low false-alarm rates is
ne ither confirmed nor rejected.

~~. Sector Conflict Probe (System 4)

The sector c o n f l i c t  probe ’s e f f e c t s  on controller task per-
fonnance times are estimated as shown in Table 11. Detection and assess-
ment are performed by the computerized probe , and resolution directives1

*Cur r en t  FAA-sponsored research is a n a ly z i n g  the accuracy of flight plan
data projections . Results are not available at present.
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Table 11

CONFLICT EVENT PERFORMANCE TIME ESTIMATES
ATLANTA CENTER, TWO-HAN SECTOR OPERATION

SYSTEM 4—-SECTOR CONFLICT PROBE

Minimum Task
Performance Time* Minimum Even t
(maa—sec/task) PerformanceConflict Even t Time*

Detection (man—sec/event)
and Resolution

Assessment

Crossing 5(20) 40 45(60)

Over taking 5(20) 20 25(40)

*Revised Sys tem 2 performance times are indicated in
parentheses.

suggestions are displayed to the R controller. We judge that 5 sec will
be sufficient to assimilate this information. Similar to current opera-
tions, actual resolution is performed by A/G communications. A reduction
of 15 sec in total conflict processing time results.

Two-man team and R controller routine work is identical to that
of the tabular disp lay system (Tables 9 and 10) ; surveillance work is also
unchanged. Traffic capacities corresponding to these workload structures
for Sec tors 36 , 37 , 38, 41, 42 , and 46 are constrained by the R controller
model to 40, 47 , 37 , 38, 45 , and 42 aircraft/hr. Secto r 52 is constrained
by team workload to 40 aircraft/hr.

E. Area Navigation (System 5)

RNAV incorporates navigation devices to achieve closely spaced arrival
and depar ture and multilane direct routes for high-density terminal and
enroute airspace . Terminal airspace uses are not considered here . The
concept we consider includes the establishment of an RNAV route system
using fixed waypoints to facilitate two-dimensiona l (2D) computerized
naviga tion.
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Table 13

SECTOR TRAFFIC CAPACITY SENSITIVITY TO RNAV EQUIPPED AIRCRAFT
ATLANTA CENTER , NO-MAN SECTOR OPERATiON

SYSTEM 5—--RNAV

Sector Capaci ty ,  by RNAV Equi pped Aircraft*

Sector (aircraft/hr)

50% - 100%

High enroute (36) 50 50 51

Departure  t r ans i t i on  (37 1 47 47 48

Depar ture  (38) 67 67 68

A r r i v a l  (4 1) 38 39 41

A r r i v a l  t r a n s i ti o n  (42 ’) 45 47 50

Low a r r iva l  (46) 42 42 43

Low enroute  ( 5 2 )  40 41 42

*
A ll su’ett’rs except Sector 52 arc constrained by R contro l ler.

t’
Indtca ted capacity System 4 corresponding capacity.
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adjust procedural rules , to respond to pilot requests , to reso lve non-
standard situations , and to transmit A/C messages that are too long for
the DABS data link . In essence , tie would concentrate on minute-by-minute
procedura l decision making and perform minute-by-minute tactical decision
making only when required. We assume that sectors will be retained as the
basic con trol jurisdictiona l unit to provide fault tolerance in the eVent
of data link or computer system malfunction (where operalions fall back
to a nondata link A’I’C system).

Under the control-b y-exception concept , we assume that a sector con-
troller need not review and approve each instruction. If he Were required
to read , mentally assimilate , and approve each instruction (dup licating
the automated ope ration), workload advantages would not be realized. ‘I’ttis
concept assumes the implementation of automatic conflict processing using
data link to issue po tential confltc~ resolution instructions. By this
means , potential conflicts are avoided or resolved without dependence on
or restriction by human decision making . However , assuming human control-
lers retain responsibility for separa t ion assurance , the question arises
as to the degree to which contro l lers would actually remove themselves
from the capability to pe rform minute-by -minute tactical decision making.
There fore , we assume that contro l lers will continue to per fo rm intensive
PVD surveillance to retain real-time ment,il picture-keeping (which would
be vital in the event of some computer-proct’ssing failures) and to main-
tain cognizance of coaputer-generated traffic structuring and conf l ic t
processing strategies.

Our examination of capacity and s&at’fing impacts of the EMItS data
link is based on a restructuring of the sector team and R controller
workload items . Since this restructuring alleviates some reactive task
requirements of the joint R and D controller operation , we consider both
the two-man (System 6A) and one-man (System 6B) sector team manning
strategies.

I. DABS l)ata Link, Two-Man Sec~~~ Team ~S~~ty~ _~~)

The revised routine event performance times for the two-man
team are shown in Table 14. Since the con t rol—lw-exception com pu te r i za—
tion will be pe r forming much of the routine t raf f ic  structuring cleara nces ,
the controller need not perform handoft’ acceptance FlW/RtW operations.
A/C communications for the standard altitude , heading, speed , alttmt’ti’ t-
setting , runway assigtinent , and frequency change instructions are assumed

to be replaced by da ta link transmissions . However , when such activities
are nonstandard and require tntt’rsector coord ination , Wi” assume that con-

troller A/C communications and FDP/RDP manual operations will he required.

40
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Also shown in Table 14 under the FDP/RDP heading are “message
cognizance” activities. These reflect the contro l ler surveillance work
required to maintain awareness of the computerized traffic structuring
strategies. Although PDP/RDP keyboard activities are not necessarily
assumed , these task items provide a surrogate mechanism to estimate con-
troller work associated with data link transmissions. In actuality,
rather than reviewing each individual transmission , the controller would
probably be provided with a data display describing the overall traffic-
oriented procedural intentions of the computer operation.

Revised conflict event performance times are shown in Table 15.
We asst.une that , in accordance with their separation assurance respons i-
bilities , controllers will maintain close surveillance of conflict pro-
cessing operations. Since actual conflict resolution instructions would
be issued by data link , we halve the controller ’s resolution time to allow
him to check aircraft conformance .

Routine surveillance work is not changed from the preceding
system.

Table 15

CONFLICT EVENT PERFORIIANCE TIME ESTIMATES
ATLANTA CENTER , T~’K)-MAN SECTOR OPERATION

SYSTEM 6A- -1007,, AIRCRAFT EQUIPPED DABS DATA LINK

Minimum Task
Performance Time* Minimum Event
(man—sec/task)Conflic t 

_____________ ______________ Perf ormance
Event Detection Time*

and Resolution (man—sec/event )
Assessment

Crossing 5 20(40) 24(45)

Over taking 5 10(20) ‘ 15(25)

*
Revised System 5 performance times are indicated in
parentheses .
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2. DABS Data Link, One-Man Sector Team (System 6B)

Under one-man sector operations , the R controller performs the
routine work of the two-man secto r team. However , since sector team
consultations are no longer applicable , all direct voice communications
are eliminated. Therefore , Table 14 with direct voice tasks set equal
to zero applies. Conflict surveillance work are as described for the
two-man team.

3. Sector Traffic Capacities

The above workload estimates are made assuming a 1007. data
link equipped aircraft fleet. To account for  variations in the percent
of data link equipped aircraft , the team and R controller routine work-
load weightings and conflict event performance times are scaled propor-
tionately, as shown in Tables 16 and 17. The resulting sector traffic
capacities corresponding to the 100% RNAV avionics level are shown in
Table 18. (Although one-man sector capacities at the zero-percent data
link avionics level are shown , the operation is probably not feas ib le
because of R controller difficulty in performing A/C communications simul-
taneously with corresponding reactive manual tasks.) Since the sector
capacities vary measurably according to the percentage of data link
equipped aircraft , we will consider both the 50% and 1007. data link
avionics levels in subsequent analyses.

C. DABS Intermittent Positive Contro l

IPC provides traffic advisories and threat avoidance commands to
VFR pilots on an as-needed basis.7 Extended to IFR operations , IPC would
operate on imminent (e.g., lead time of I to 2 m m )  conflict situations

that are “missed” by controllers . This is assumed to be a safety enhance-

men t device that would not impact the capacity considerations associated
with normal sector task activities.

However , DABS IPC may be needed to provide fault tolerance in the
event of failures in the other enhancement operations (particularl y con-
flict processing automation). Therefore , IPC would be necessary for the
successful implementation of these other features. We do not further
evaluate IPC ; it is conside red to be an incremental add-on to the data
link system but with no independent capacity impact.
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Table 17

CONFLICT EVENT PERFORMANCE TIME SENSITIVITY
TO DABS DATA LINK AVIONICS

Crossing Conflict Task Overtaking Conflict Task
Data Times (see) Times (sec)
Link

Equipped Detection Detection
Aircraft and Resolu— and Resolu—

* Total * Total
(%) Assess— tion Assess— tion

merit ment

0% 5~ 4fl ’1’ 45~ 5~
’ 2O ’

~
’

50 5 30 35 5 15 20

100 5 20 25 5 10 15

*
Conflict resolution cognizance and confirmation .
t
lndicated performance time = System 5 corresponding performance t ime .
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IV FACILITY STAFFING RELATIONSHIPS

In this section we develop a basis for transforming the individual
sector capacity impacts of the various enhancement systems into facility
staffing estImates. We use a selected region of the Atlanta Center to
assess multisector capacity and staffing impacts . The latter are scaled
to the facility level by means of expansion factors .

Each enroute center is actuall y manned by two staffs: Air Traffic
Service and Airway Facilities Service. Each staff has its own operational
responsibilities and administrative management. The Air Traffic Service
operates the ATC system , while the Airway Facilities Service main tains
the ATC equipment. We will develop separate procedures for es t ima ting
each of these staffs for the facility as a function of traffic demand
forecast.

A. Air Traffic Service Staffing Relationships

The current Atlanta Center Air Traffic Service (AT ) staff is shown
— 

in Table 19. Based on discussions with personnel at the Atlanta and Los
Angeles centers and on a review of published staffing standards ,~ we con-
clude that the required number of controllers , team supe rvisors , and area
officers varies according to traffic level and workload capabilities. 

—

The number of these positions depends on system operating requirements;
the remaining staff should remain fixed (subject to unique requirements).
In the following paragraphs we determine air traffic staffing relation-
ships hi accordance with this personne l grouping.

I. Controller Staffing Relationships 
—

As part of a previous research effort ,4 we developed the corn-
puterized Air Traffic Flow (ATF) network simulation model and used it to
assess multisecto r capacity and productivity effects of postulated auto-
mation implementations at the Los Angeles Center.b ATF simulates aggre-
gate traffic route flows and determines delays corresponding to specified
secto r capacities and local flow contro l strategies.4

In this section , we apply ATF analysis to the nine-sector study
area shown in Figure 1. The Atlanta Center airspace currently includes

47 — 
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Tabl e 19

CURRENT AIR TRAFFIC SERVICE A1’~NUAL STAFF, ATLANTA CENTER

Authorized
Annual 

*Staff Function Staffing
(persons)

Administrative
Chief 1
Deputy Chief 1
Evaluation/Proficiency Development Officer 1

(EPDO )
Evalua tion/Prouiciency Development 6
Specialist (EPDS)
EPDS (Rotational) 6
Military Liaison Officer 1
Military Liaison Specialist 3
Data Systems Officer 1
Are a O f f i c e r  5
Are a Specialist 4
Personnel Management Specialist 1
Personnel Management Assis tant  1
Administrative Assistant 1
Secretary I
Secretary 7
Clerk/Stenographer 3
Cartographer 2
Card Punch Opera tor 1
Clerk—Typist 0

Total administrative 46 F
Operational

Assistant Chief 7
Flow Controller 7
Team Supervisor 42
Data Systems Specialist 23
Supervisory Teletypist 1
Teletypist 7
Flight Data Monitor 5

Subtotal 92
Controller 505

Total operational 597

Total 643

*
Source: “Manpower Status Chart , Atlanta ARTC Center” (7 December
1975)
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~l sectors , of which the nine sectors under study control primarily air-
line arriva l , departure , and cruise traffic north of the Atlanta airport.
The ATF simulation estimates delays experienced by aircraft in the multi-
sector area for a range of traffic demand forecasts for each IJC3RD en-
hancement system alternative . We also app l y the ATF ana lysis to postulated
resector izat ions  of the s tud y area to examine con t ro l l e r  manning deployment
options .

a. ATF Multisector Model Structure

The primary arrival and departure airline traffic routings
wi th in  the At l an ta  Center  are conf igured  in a radial pattern (four arrival
and four departure corridors) with the Atlanta airport as the focus. The
study area being modeled by ATF includes the two arrival corridors from
the nor theas t  and nor thwes t  and the nor thbound departure corridor. The
nine sectors in this study area , wh ich inc lude  f ive of the seven selected
for workload data collection (the two low airspace sec tors hand l ing  pri-
mar i l y nonairline traffic are not included) , are:

• Sector 36 (Allatoona , ALU) - -high enroute traffic ,
FL330 and above.

• Sector 37 (Crossv il le , CSV) - -departure t r ans i t i on
traffic , FL240-FL3IO.

• Sector 38 (North Departure , NDEP)--departure
traffic , FL12O-FL230.

• Sector 39 (Chattanooga , CHA) --arrival t r ans i t ion
traffic , surface to F’L270.

• Sector 40 (Dallas , 9DP)--arriva l. traffic , FL12O-
FL270.

• Sector 41 (Norcross , OCR)--arrival traffic ,
FLI2O-FL230.

• Sector 42 (Lanier , 2L1)--arriva l transition traf-
fic , FL240-FL3IO.

• Sector 43 (Pulaski, PSK)—-arrival transition
t r a f f i c , FL2 1~O-FL3lO .

• Sector 44 (Baden-Blue Ridge , BAUBU)--h igh  enroute
traffic , FL330 and above.

With reference to Figure 1 , Sectors 39 and 40 are in the
northwest arrival corridor ; Sectors 41, 42 , and 43 are in the northeast
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~ r r  ¶ v a l  c o r r i d o r , and Sel -t o r s  37 and 38 are in the northbound d e par t u re
cot  r i d er .  The sec tors  over lap  in cacti co r rido r  to form stepwise con I igu —
r a t  ions t h a t  handle  c l imb ing  and descending  t r a f f i c  t r an s  i ti on i n g  in and
out ct the A t l a n t a  TRACON . Sectors  3b and 44 overlay the other sectors
(as noted in Figure  1) and handle  p r i m a r i l y c r u i s i n g  o ver f l i g h t s  and some
t i a n s i t i o n i n g  a i r c r a f t .

A r r i v a l s  in to  A t l a n t a  Cen ter  front d i r e c t l y n o r t h  g e n e r a l ly
e n t e r  Sector  42 at  FL 3IO or lower , begin descen t i m m e d i a t e l y ,  and cent [nut’

the descent in Sector 41 u n t i l  they are handed o f f  to the At l a n t . i  TRACON
near OCL’ at FLI 2 O . The a r r i v a ls  front the  cas t over I’SK in Sec t o r  4 .1 or
Sector 44 are somewhat higher  and do not begin  descent  tint i i  appro ach ing
the border of Sector 42. They are merged w i t h  the a r r i v a l s  f rom the north
in Sector 41. and h anded o f f  to the A t l a n t a  TRACON near  OCR at F L 1 2 O .
A r r i v a l s  along the two routes  f r o m  the no rthwes t  e n ter  Sector  40 at  FL.~7(t
and descend to FL 120 j u s t  son cli of  RMG , wher e they are hand ed elf to the
A t l a n t a  TRACON .

Depar tu res  to the nor th  d iverge  in S e c t o r  38 and proceed
over 11CM and TYS in Sector  39. D e p a r t i ng  t r a f f i c  genera l  ly crosses th e
cente r boundaries  between FL240 and FL3 IO .

Three major  c ru i se  routes  through the area are mode ted.
One is a two—di rec t i ona l ea s t/ we s t  route through Sectors  37 , 42 , and 4
in the FL240 to F L I l O  range , and through the over l y ing Sectors  3b and 44
at FL l() and abo ve . Pr imary  li~ e’s along the rou te  are CIIA , TYS , and P 5 K .
Also  in the h ig h airspace at FL330 and above are two gen er a l l y n o r t h / s o u t h
routes .  The f i r s t  crosses Sector 36 and pas~~’~ ove r the At l anta  a i r p o r t
(ATL) , and the other crosses Sectors  Iti and 44 and passes ove r TYS and AND .

A large numb er of s m a l l e r  volume routes  are also in t:he - -

area modeled , but  are not shown in Fi gure 1 , and inc lude  the  a r r i v al  and
tiepa r tu re roti teS i n t o  and out of the  Cha t  tanooga at  rpor  t (CHA) . M i l l  t a ry
a c t i v i t y  make s up about l07~ of the t o ta l  t r a f f i c  and conform s reasonab ly
w e l l  to the routes fol lowed by ci v i l  alt-craft.

Sector  and Route  Netw ork  R e p r e s e n t a t i o n — — T h e  sect  on :~at  ion
and rou t i ng  st 1-ut t nrc shown in Figur e  1 i s  abs t i-ac ted f or  Input to the
A’l’F network mode l , as shown s c h e m a t i c a l l y  in F igure  2. Since the  h i g h
sectors  over l ap  lowe r ones in a stepwise ar rangement , we j ux t apose  in
Figu re  2 the  sector schemat ic  p r e s e n t a t i o n s  to d iagram the route tie tw or k .
‘rhe two h igh  s e c t o r s— — 3 6  and 44 (at the top of Figure 2) ——ov erlay Sec-
tors 37 , 39, 42, and 43; these latter four In turn over lap the low air-
space sectors—- 18~ 40, and 41. Diagraninat Ic c o nn e c tor s  (ci rc1ed~ are
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inc luded in Figure 2 to facilitate mental piecing (by superimposing con-
nectors) of the juxtaposed sectors .

In the conversion from the actual configuration to the
schematic , the only important properties (for ATF modeling) of a route
segment are the transit time , the origin sector , the destination sector ,
and the sector including the route segment.4 Therefore , if two or more
route segments (arcs) originate at the same sector , end at the same Sec-
tor , and are included in the same sector , they may be combined into one
arc if desired . Arc number identities are indicated in Figure 2.

Some of the actual routes have two-directional traffic ,
while others have only one-directional flow. For two-directional routes ,
two arcs -were defined to represent the actual route. Consequently, in
the schematic , each arc shown represents one-dimensional traffic flow.
This representation results in a system of nine sectors , 26 routes (or
origin-destination pairs), and 42 arcs.

(J(J3RD System Al terna t ives  Representa t ion--We d i f f e r e n t i a t e
the UG3RD alternatives in ATF by using the sector capacities appropriate
to each system. Sector capacity data are input to the ATF model to define
the traffic loading capabilities of the multisector study area for a
particular UG3RD system. The ATF model constrains traffic flow, by im-
posing delays , to ensure that traffic flow through each sector at some
instant in time does not exceed that sector ’s predetermined capacity.
The UC3RD systems and their representative sector capacities are shown
in Table 20. These capacities are developed from the RECEP—based workload-
capacity models.

Of the nine sectors , capacity estimates for five (Sectors
36, 37, 38, 41, and 42) are established for each UG3RD system in the
preceding sections of this report. To determine capacities for the other
four sectors , we performed conflict modeling for each sector (Appendix B)
and inferred the appropriate routine workload requirements from the work-
load data collected for the five sectors. The routine workload weighting
applied to Sectors 39 and 43 equals that measured for Sector 42 because
the three are arrival transition sectors. Sector 40’s workload is equal
to that measured for Sector 41 because both are arrival sectors , and
Sector 44’s workload is equal to that measured for Sector 36 because
both are high enroute sectors . (The workload data are summarized in
Appendix D.) Despite the equivalence of the routine workload/aircraft ,
conflict processing and surveillance are sufficiently sensitive to sector
operations to enable differentiation of capacities based on either team
or R controller constraints.
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The standard sector manning levels of Table 20 allows for
1 controller/secto r (R position manned), 2 controllers/sector (R and I)

• positions manned), 2.5 controllers/sector (an A position supporting each
2-man team), and 3.5 contro llers/sector (T position also manned). ‘L’hese
represent the peak-shift typical sector manning strategies for the respec-

• tive systems.

Resecto r iza t i on--We  assume , as is the  c u r r e n t  prac t ice ,
that sector design reconfigurations will be reçuired as traffic increases
(regardless of which system alternative is under consideration). Re-
configuration entails modifying the sector boundary, route , and procedural
rule structure of a facility, and normally require s sector splitting and
airspace reallocation to create new sectors . This resectorization adds
the sectors and controllers needed to increase the capacity of a multi -
sector area and thereby constrain delays as traffic increases .

We simulate , using ATF , three postulated sector configura-
tions for the multisecto r area:

- - . Configuration I: current 9-sector arrangement
(Figure 2). H

. Configu ration 2: 13 sectors (current 9 sectors ,
with Sectors 39, 40, 41, and 42 each split into
two) .

• Configuration 3: 18 sectors (original 9 sectors
each split into two).

This sector splitting approach for defining sectL-u-i:’at Ion
alternatives is similar to the one used during the previous Los Angeles
Center case s tud y , 4 in which we applied a sector sp l i t  model * t~~~ tough l v
estimate capacities resulting from reconfigurations of a low a r r i v a l and
a h igh en rou te - t r ans it i on  sec tor .  We es t imated that  s p l i t t i n g  the low
sector into two sectors would increase the capacity of the original sec-
tor airspace by 40°!., and splitting the high sector would increase its
airspace capacity by 807.. Using these results , we judge that analogous
reconfigurations of the Atlanta Center would increase the airspace c~t-
pacities of arriva l Sector 41 and departure Sector 38 by 40’X , those of

*
The sector split model accounts for additional contro l work induced by
new sector boundaries. Handoff , intersector coordination , pointouts ,
and some traffic structuring work are a f f e c t e d .
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transition Sectors 37 , 39 , 42, and 43 by 60% , and those of h igh enrou te
Sectors 36 and 44 by 807.. We judge that the capacity of arrival Sector 40
will increase by 207. (rather than 407.) because of airspace limitations.
These relationships are used in the ATF model to approximate the sector

- 
- airspace capacities associated with the postulated sector sp li ts of

Configurations 2 and 3. This rather simp lified approach to modeling
sectorization is used because of the uncertainty in predicting future
reconfiguration implementations .

Traffic Loading--Traffic demand ove r a nine-hour period is
summarized in Table 21. Hourly arrivals into the 26 routes are taken from
Atlanta Center flight strip records for a single day shift during December
1975 . The exact arrival times at the stud y area boundary we re not known ,
so for modeling we assume the arrivals to be randomly distributed over
successive 20-minute periods . For parametric analysis , this demand is
scaled proportionally to provide traffic data at higher demand levels.
Scaling is based on successive 257. increments of civil traffic; the num-
ber of military aircraft is not increased.

The first hour ’s traffic loading is used to initialize ATF
and is not considered during subsequent delay estimates. Hou rs 2 through
9 represent the eight-hour day shift beginning at 8:00 am. A total of
486 aircraft , of which 50 (107.) are military , arrives during this e ight-
hou r stud y period , and is used as the current or base-level traffic in
the subsequent analyses. This traffic level is roughly comparable to the
fiscal year 1975 busy-day traffic reported for the nine sectors .

b. Capaci ty, Manning, and Staffing Comparisons

The ATF simulation model loads traffic onto the route net-
work and processes the traffic from sector to sector until capacity over-
load becomes limnthent . ATF then delays aircraft (without rerouting)
along routes upstream of the congested sector to prevent overloading.
This process propagates delays through the upstream sectors to the study
area boundaries. The sector capacity constraints input into the ATF - 

-

mode l for each system alternative are based on workload modeling rela-
tionships. Therefore , the resulting delay estimates represent the sector
workload distribution effec ts of local flow control operat ions and do no t
include the routine procedural delays associated with the route structure
desi gn , routine ATC speed , altitude restrictions , or the like . We assume
the route structure and routine clearance requirements to be fixed.
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Table 21

TRAFFI C ARRIVAL , BY ROUTE

Route Route 
_____ _____ 

Aircr aft Arrival ,~ by Hour ______ _______

Number Arcs 1 2 3 4 5 6 7 8 9

1—2 1 3 18 3 18 11(1) 7(2) 10 (1) 17 (2)
3-.4—.5 0 0 4 6(1) 8 3 2 5 9 (1)
6—7-.5 1 4 11 7 5 5 6 6 (1) 4
8 0 0 0 2 0 0 0 2 0
9 0 0 3 0 1 0 0 0 0

1O—.ll 2 0 1 4 13 12 4 4 11 (1)
13—14 2 0 1 1 0 0 0 1 0

15 0 2 1 0 1 1 0 3 3
9 16—17 0 0 0 6 3 4 0 3 2

10 18—19 0 1(1) 0 1 4(2) 1 2(1) 6 4

11 20 0 0 0 1 6(1) 5 5(1) 3 1 (1)
12 21 1 0 1 3 1 3(2) 2 2 2 (l)
13 22 1(1) 0 0 2 1 2 3 5 5
14 23 0 0 6 1 1  7 1 6 7 (1) 2
15 24—25 0 2(2)  0 3(2) 3 3(2)  2( 1) 4 ( 1) 1

16 26—.27 0 1(1) 3 1(1) 1 5(1) 0 2 (1) 1 (1)
17 3—28—29 0 0 0 2 2 1 0 0 0
18 30—.3l--.32 0 1 0 0 0 0 1 1 (1) 0
19 3—41 0 0 1 0 0 3(1) 2 3 (1) 3 (1)
20 42—32 0 0 0 2(1) 1(1) 1 1 4 (2) 2 tI )

21 33 1 0 1 0 4 1 1 0 1
22 34 0 2 3 4 2 1 2 3 (1) 0
23 30—3l-.35 1 0 2 2(1) 2(1) 0 1(1) 0 2
24 36—28—29 0 0 0 2 1 0 0 0 0
25 37—38 0 0 0 1 1 2(2) 1 1 3
26 39—40 0 0 0 0 0 0 1 0 3 (1)

Total 10(1) 16(4) 56 64(6) 85(5) 65(9) 49(6) 75( 10) 76( 10)

Total  A i r c r a f t  in E igh t  Hour s--486
Total Military Ai icraft in Eigh t H ou r s — - 5 t )

*
M i l i t a r y  t r a f f i c  a r r i v a l s  are in parentheses .

+
L o c t i  f l ow  c o n t r o l  routes .
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To facilitate capacity, manning , and staffing comparisons
among the alternative UG3RD systems, we will determine the study area
traffic loadings corresponding to a common leve l of service. This common
level of service is assumed to be the average aircraft delay (as estimated
by ATF) during current NAS Stage A operations . Current Atlanta Center
operations during the day shift are a mixture of two-man (System lA) and
three-man (System IB) sector manning strategies in which one T controller
supports , as needed , eithe r the Sector 42 or Sector 44 R and D controller
team, while another T controller supports either the Sector 36 or Sec-
tor 37 team . Since the ATF mode l structure is not currentl y capable of
representing dynamic manning strategies , we simulate two manning cases.
The first case uses the sector capacities of Table 20 for continuous
three-man operations at the high enroute sectors (36 and 44) and con-
tinuous two-man operations in the remaining seven sectors , all using the
eight-hour shift. The second case simulates three-man operations at the
transition sectors (37 and 42) and two-man operations at the other sectors .
In both cases, ATF modeling for the nine-sector configuration under traf- - -

fic loading of 486 aircraft per eight-hou r shift resulted in an average
delay of 0.03 mm /aircraft. This ATF-determined delay level represents
the common level of service at which we wish to compare UC3RD systems . —

We define the multisector capacity to be the area traffic loading that
generates in the ATF model an average airc raft delay of 0.03 mm over
the eight-hour shift. 

—

Capacity and Manning--ATF traffic loading-de lay results
for each UG3RD system are shown in Figures 3, 4, and 5 for each of the
three configurations . Two delay propagation algorithms are used . The
first represents the current local flow control operation that propagates
delays along the major radial routes indicated in Table 21* and is used
to model Systems 1A , 1B , and 2. The second algorithm represents a postu-
lated automated local flow control that propagates delays along selected
routes (not only the major radials) and is used to mode l Systems 3, 4,
5, 6A, and 6B.

Area capacities corresponding to the current leve l of delay
are obtained from these graphs and are listed in Table 22 for each ATC
system. These data , adjusted for the sector controller manning require-
ments of each sys tem , are represented in Figure 6.

* •

Atlanta Center current local flow contro l operations also reroute some
aircraft from one radial route to another , but the capability to mode l
rerouting strategies is not currently par t of ATF.

p
58



- — - --—-————-— ---- - —~~~‘ . ‘  ~~~~~~~~~~~~~ 

~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- — 
‘ W ~~~~~— -~~ - . _ _ _ - _ _  .—y -—-,-’- ~~~~~~~~~~~~~~~

F I
‘S
‘S

• I,I’ _’,’v ~~~ ‘~ b~ I~~~ t~ I U IS ~I 1.1 ~v I ki k~VU I

I
59 

~~-- -. -~~~~~



- 
~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ —

I 
—

~~~~~I —

—

~~~~~

Z,•.~~J$• id  IENIIW — L flHS ~I3d AY13O 39VH3AV

60



-•-•_ - - - - - —‘- —,•-•--• - 

—

- ~~~~~~~~~~~~~~ - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ____________________

= 

1

_ _ _ _ _ _ _ _ _ _ _ _  

H

: 

~~ 

H 

~

ied ~I1flU!W — 1~~IHS 8~ cI A’V1~ O ~DVH3AV . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-- - - -- - - --



-• —! _•--••••_••_-•.- 
—.‘——.‘- ‘

~~~~
-
~~~~~~~~~~~~

‘‘
~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—
~~~

-
~~

C.,

—I.~~o ‘S‘S
~~~~ 0 0 0 0 It) It) It) IE~ 0 U)  ~
~~~‘S 0 0 C.) C) ‘S C.) C) C.- O ) ’ S
~~~‘S ( N ~~ ~~S 0 it) ~~~O) 

~.4 — ——~0 ’ —
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

0
—• 

- 
-

‘I 0
Il-I

I,
—

5.0~~~~ ’~ 0
-~~

‘S -~~~ .u  o 0 o o .t~ 0 Q I t )  0 0
>~ 

0) .0 50 50 50 0 c O N  5 0 0  ~~ (0
-‘S It) 50 N N ~~ CI 0 ) 0  N C )  0
-

~ 
‘S

~ 
II~~ j~~~~ ,4 

—, .e

~~~ 

I.
45 • ‘- •

o ‘S > (S
‘S C

— -~~ 0 C
‘S4) .4 .4

~~ .4
USC ‘S 0 (0

—‘ I— t)• (0
Z . 4 k  ‘S ‘S

0 0 0 0 It) 0 0 0  . 0 ( 0  ~~
~~ Q It) It) N ~‘S c O lt) N N  

~~ ‘S
~~ ‘S * It) SD SD N cO .4

‘S —. ~~ I
I-. ‘S ‘S 45C C )  ‘S .4

N •‘~ ‘C) ‘S 0
N ‘S. .4— — US

‘S — .4 (0 C
‘.4 C ‘S ‘S.0 (0
‘S DI ‘S

< ~~~~~~~‘•~ ( 0 0~~ 1 .4 4- + ~~- .-~It) it)
c u ~~ • . -c. .o. -0, .0 ~ ‘ 0 ‘S I.

~~ 
N C. N N N 54 N N  . 4  C U) ‘S

0 -~~ 05/) 5/ 0.
C V ‘S

— -
~
. c —

V (4 ~ I

-
0. -~~ -— (4
(0 0 0 5.1 C

0 0 0 0 0 0 O~~~ ~

0 0 0 0 0 0 0 0 0 0 -~~0 0 0  0 0  5. 5..
I ..4 4 ‘~~~~ 0 ‘S ‘S ‘S ‘S•- -~~ -‘S -‘S V

Is-. ‘S ‘S ‘S ‘SIs-s I. 5. 1. 5.
‘S (0 ‘S 0 ‘S

‘S 4) 0) 5) ‘S‘S ~ V V V V

g ‘SI
4. 5) (0 (5 5/ 0 5) 

~ U 0 5)
‘S ‘S ••I 5/ .1 5) C C C C(5 0 .4 4.1 0 

~~ .4 ‘.1 .4 .4SI) V .4 h4 -

.4 < < ~~~~ •~~~~~~~~g •~~ •~~

5) 5/ .4~~~~ _ .4 .4. . 4 - 4 .

I 5~~ ‘S C  1. 4~~~ —— 5)
• IS (0 • C  (00 0 ‘S ‘S I S V5) .4 ‘SI 0 . 4  0 5 )  ~ > ( 5 5 .  ( 5 5 .
C U) U) ‘S~~.4 5) 45 < .0  ~~ 0 ‘ S . 4
‘S C V  0 5 )  5 ) 0  ‘ S - ’  u ‘~.0 < 0  < 0  SI)~~~ ~~ 0 5 /  0 5 /  ‘S 0 0 0C ~~ (4 .4 5) ‘S ( 4 -4. -~ s-I s-I5)) Z Z + 0  +~~~ +~~~ + + 5 )  + 5 )  4 5 4 .  5/ (5 5) 0

l.. m ‘S 41 4) 4)
• < 4 1  5/) 5/) (5) 5))

-~~ 
N C.) if) • • 

~~ 44 -~~~

_______ .4 .5

62 

j



- 

~~

_. —-

~~

_

~~~~~~

---- -- - 
- 

1~~~
-- - --

~~~~~~~
----—-, 

STUDY AREA TRAFFIC — aircraft per 8-hour shift

400 600 800 1000 1200 1400 1600 1800
7c I I I I 1 I I I I I I I I

0 Configuration 1 (9 ,.ctoss)

~ Configuration 2 (13 ~ cWrs)

— — 
Is 

0 Configuration 3 (18 s.ctors) —

• Intermediate configurations

I —.  Interpolated statf ing at current average delay

.

~~~5o-  /
I

—
I

0 I 1A
a ,

4 0 -  I .
- 

- • ,.i7 ;~ ~~ 
,

~ 

,

~~t

~~~~3 0 —  ° 1 / f •/ /  ~~~~~
/  / J / / ~~~~~~~~~ I’

/ I ~~~~~~~~~~~~~

/ // / .,. —

eBt . /8B
— . —

0~~~~ 
~~5ll1~~

0 I I I I I 1
1.0 2.0 3.0 4.0

STUDY AREA TRAFFIC LEVEL FACTOR (1975 BASE)

100% data link aircraft
4 50% data fink aircraft

SA-4415-3 - - 
-

FIGURE 6 STUDY AREA CONTROLLER MANNING Rr~~ :~ EMENTs AT CURRENT LEVEL
OF SERVICE . BY SYSTEM : ATLANTA CENIER

63

- - -_ --_ ---. -_ _
~~~ ~~~~~~~~~~~~~~~~~~~ — ~~~~~~ ~~~~~~~ - ~~~~~~~~~~~~~~~ 

- . — -- - -~~~~~~
- —~~—.~~—----.---—- - —

-
- - -  

-- .~~~~~~~ .



-- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ - v ’-

Figure 6 p re sen t s  the s tud y area , d a y - s h i f t  c o n t r o l l e r
manning required  by each system to maintain the current level of delay
over a range of traffic demands. Piecewise linear interpolations (be-
tween configuration capacities) are used for anal ytical convenience to
describe the manning requi rements  of each system . T h e  scctorizations
mode led for Systems 1A , 1B , 2, 3, 4, and 6B behave “e f f i c i e n t l y” in tha t
the earlier sector splits return greater proportional capacity gains than
do later ones ; that is , each successive sector split decreases the marginal
traffic handling capability of each additional controller. System 5’s
capacity return per split is linear , while that for System 6A increases
with each succeeding sector split. This indicates that a more efficient
System 6A sectorization strategy should be selected in which the greater
capaci ty gains occur as early as possible (e.g., when reconfiguring from
nine to ten sectors). However , trial-and-error app lications of the ATF

model in which different sets of sectors (other than Sectors 39, 40, 41 ,
and 42) were split in the li-sector configuration (as well as other con-

figurations) did not appreciably change the shape of the System bA curves
shown in Figure 6.  It is possible that the anomaly of the Sys tem 6A
capacity-sectorization ATF resuLts is due to interactive effects between

the relatively large traffic handLing capacities of the i n d i v i d u a l  sec-
tors ; these interactions may consist of congestion resolution strategies
that p roduce proportionately larger multisector capacity gains as addi-
tional sectors are split. We do not examine f u r t h e r  the issue of capaci ty-
sectorization interactions , but propose that it be a top i c for f u t u r e
resea rch .

Manning and S ta f f ~~~~- -We use Figure  6 as a basis from which
to expand area manning r equ i remen t s  to f a c i l i t y  s t a f f i n g  es t imates  for
each UC3RD system. The current day-shift manning requirement for the
9-sector configuration is 24.5 positions (inc luding 9 each of R and D - -

positions , 4.5 A positions , and 2 T positions), while the current con-
trolle r staffing level for the 41-secto r facility configuration is 505 - -

controllers (see Table 19). The ratio of these values (505/24.51 could
be used to expand the stud y area manning estimates for each UG3RD system
of Figure 6 (for selected traffic levels) to facility annual controller
staffing estimates , if we assume that future traffic routing patterns
will be similar to the current ones (although the traffic leve l magni tude
increases) and that the current proportional allocations of study area
day-shift manning and facility- annual staffing will remain constant.
However , a unique staffing situation currently exists at the Atlanta
Center. Of the 505 authorized controller positions , 40~, (209) are de-
velopmental controllers who lack full proficiency status. This high pro-
portion of trainees is not indicative of future staffing characteristics
and should not be used for extrapolating staffing needs for the l980s and
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beyond . There fore , we use the control ! e r staffing t-equ I reinent s based on
the A t l a n ta Cent er  197 ~i busy —day r epor t  . These requ I rt’rnen t s a ic cal cii —
la ted by the FAA using standard s tailIng re hat I onsli j~~~~~L l  and it’~~u l t  In a
facilit y annual staffing estimate of 476 controllcrs* ( I n c l u d i n g  f l i g h t
data func t ion mann I. ug as well as 24—h ou r mannIng and annual and s Ic k
leave i-c i te I a). towances) . The r a t I o  of  the  A t l a n t a  Center cal cii i a ted
annual c o n t r o l)  er  staffing requirement (476’) to the s tud y area day—sb i ft
mann ing  requi rement  (24 . ) Is 19.4 1. We w i l l  use t h i s  expansion tac to r
to t ransform the stud y area manning requ I yemen I i i i  cacti  sys tern l o t  the
range o t t i-a I I Ic demand levels (as shown in Figure ~) i n t o  annual  con —

trolier staffing estimates .

2. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
St I I iu~ Re la t I on sh~~~

A team supervisor mans a c out ro I room posit ion and I s in chaige
of the contro l Ic i-s operat tug the Sec tot-s in It is area . ( Feam supervisor s
and eon t rollers ai-e as signed to spec if ted groups of sect ot-s vi lii which
t h ey  arc f a m il i a r  and do no t work othe r areas  . ‘I The earn s u per v i s o r
coo rd itiate s secto r and flow cont rol act lvi t it ’S and admin I St ers work
sched u I es and Learn ass ignmen ts . An i t -a 011  ic or I 5 in a St a I t m a n a g e m e n t  /
support  posit Ion and coordinates an a rca ’s p roceclu ra I ag i ecinon t s with other
staff members and other facilities. He is assisted by an aiea specialist.

Since the operations of both team sup erv i sors  and area officers
and specialists are based on fanit liar! ty with specific cout  r ot  art-as
their s taIling leve l varies wi LIt the nunibe r of cent rot areas requ I red.
The current 41 sec tots of t lie At lan tn Cent or art’ grouped into six areas

Using standard staffing requtt-ements° and assuming the number
o I areas w i l l  increase d i r e c t l y  wi th  the number of sectors • we est  Irna ( e
the required annual staff tug corresponding to various area con f ig u r a t  ions
as shown in I’ab 1 e 2 1 . The required numbe r o t~ team Supe rvt sois and area

o f f i cer s  and spec Ia list s is shown In thi s table as a f unc t ion of the nuni —

her of sectors in the facility .

Ft gu re 6 is used to o st ima Li’ the nuinhe t of sect or s re qu I red I n
thu- factl tt~ lo t- each UC3RI) sy st em for  v ar ious  traffic demand l ev e l s .
rh’ numbe r of sec tot-s roqu I rod in the s tud y a rca is oh ta I nod by inter —

p o i  at ton from this figure . M u ll  ip l ying the numbe r o f study a rca see to rs

‘4 1 4  - ••~ t • •
- I M “AK FCC Slat- ft ng St auda ii Summary h’as t \‘eat- 197 r

~ ~~~ a corn—
•0 a.? p I f t  I p lily ( tied liv t tic FAA (AV I ’)
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Tabl e 23

ESTIMATED REQUIRE~~~NTS FOR AIR TR AFFIC SERVICE
TEAM SUPERVIS OR , ARE A OFFICER , AND AREA SPECIALIST

ATLANTA CENTER

Annual Staffing
(persons)Number Number

of Sectors of Areas L _ — ~~-- _________ _________-

~

Team Area Officer
Supervisor and Specialist Total

_ _ _-

~~~~~~~~~~~~~~

_

1-7 1 7 3 10
8—14 2 14 3 17
15—21 3 21 3 24
22— 28 4 28 5 33
29—35 5 35 7 42
36—42 6 42 9 51
43—49 7 49 11 60
50—56 8 56 13 69
57—63 9 63 15 78
64—70 10 it) 17 87
71—77 11 77 19 q6
78—8 4 12 84 21 105

by 4.56 (nine study area secto rs currently correspond to 41 facility sec-
tors) obtains an estimate of the number of facility sectors . Again , this

expansion assumes that traffic routing patterns and proportional alloca-
tions of sectors among the study area and the remainder of the facilit y wi ll
be stable as traffic inc reases.

3. Other Support and Supervisot ~y Staffing
Relationships

The annua l staffing level of the remaining air traffic support
and supervisory personnel does not depend on traffic level. From previous
discussions with  Los Angeles Center  personne l , i t  appears that most of
this staff will not be affected by the imp lementation of the enhancement
systems . We acsuiite that only the number of programers will vat-v according
to system implementation . This situation is shown in Table 24.
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Table’ 24

ESTIMATED REQUIREMENTS FOR AIR TRAFFIC
SERV ICE FAC ILITY SUPPORT AND SUPERVISORY FiXED STAFF

ATLANTA CENTER

Annual S t a f f i n g  per System
(persons)S t a f f  Function

_ 
~~~~~~~ :iL±t~::~~ -

Current data systems specialIsts 2 23 23 23 
‘ 

23 23
(including programmers) -

Addit ional  programmers 0 0 1 1 
- 

1 4

Other * 64 64 64 64 64 64

Total  87 87 88 88 88 9) .

*
Exclusive of controllers , team supervisors , and area oft icers and
specialists (see Table 23).

Air traffic programmers are responsible for maintainin g the cur-
rency of the operational software . l’lie basic programs and major software
revis ions no r m a l l y  are not written at the facility , but by contractor or
FAA personnel (e.g., NAFEC). However , the Atlanta Center does develop
extensive software . The Los Angeles Center personne l did not foresee sip-
nificant staffing increases due to the proposed enhancement items (pro-
vided the enhancements are introduced in a reasonably ph~ st’t1 mannt ’r ~~,
wh i le the At lan ta Center currently maintains advanced programming capa-
bilities. Nevertheless , to be conservative , we assume that both automated
local flow contro l (System 3) and the DABS data link/controL-by-exception
(System 6A or 68) will require incremental additions to the p rogrammer
staff. For example , we expect that automated local flow contro l will con-
tinually require minor on-site software revisions to maintain currency
with regard to changing traffic contro l procedures; we assume one addi-
tiona l programmer would be required. Similarly, the control-by-exception
software must be kept current; since this software is more elaborate , we
assume that three additional programmers would be needed.
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B. Airway Facilities Service Staffing Relationships

The current Atlanta Center Airway Facilities Service (AF) staff is
shown in Table 25. This staffing level is required to maintain the ATC
equipment and is related to traffic level only through the quantity of
equipment units required. Personnel of the Atlanta and Los Angeles cen-
ters indicated that major staffing adjustments would not be warranted by
enhancement system implementation because much of the new equipment would
replace existing equipment and would not constitute a drastic increase
in inventory. The tabular display, for example , would replace the cur-

• rent flight strip pr in te r s .  Furthermore , the sol id-s ta te  electronics
of the tabular display would be easier to maintain than the electrical !
mechanical devices. However, allowances should be made for some minor
increases in maintenance workload and for requirements to develop new
technological expertise.

The personnel of interest are the electronic technicians of the AF
— teams, the technicians-in -depth of the technical staff , and the electri-

cal engineers of the systems performance unit.

Five ÀY teams are required to provide f u l l - t i m e  maintenance service.
The teams’ electronic technicians are responsible for maintaining the con-
trol sector console and related equipment as well as other facility equip-
ment . A significant increase in the number of sectors may generate suf-
ficient additional maintenance workload to warrant more electronic
technicians. Using the current 41-sector , six-area configuration as a
base, we assume that one additional electronic technician for each of
the five AF teams will be required for each additional control area.
Resulting facility staffing requirements are sho~in in Table 26.

The need for new technological expertise could require additional
technicians-in-depth and system performance electrical engineers. We
assume that implementation of automated data handling (System 2) and
DABS (System 6A or 6B) will increase by one the staffing requirements
for each of these positions, as shown in Table 27.



-~~~ 
- 

I -
~~~~~~ :.,~,..— -

Tab le 25

CURRENT AIRWAY FACILITIES SERVICE ANNUAL STAFF
ATLANTA CENTER

Annual
Staff Function Position Staffing Total

(persons)

Office of Manage r Sector manager 1

Assistant manager 1

Secretary 1

Clerk /stenographer 1 4

Technical Staff Technician—in— depth (ET/TID) 3 3

Dev/Relief Staff Supervisory electronic technician 
1(SET)

Electronic technician (ET/TR) 2 3

Logistics Staff General supply specialist 1

General sup ply assistant 1 2

Systems Performance Supervisory electronic technician 
1Unit (SET)

Electrical engineer (EE/ET) 5 6
——________

Environmental Support I

(ES)

ES Supervisor Staff Supervisory engineering 
2technic ian (SCE/SET ) 

E t h ; ;;;;

General facili ty equipment
technician (GRET ) 9 19

Five AF Teams Systems engineer (SEE) S

Assistant system engineer (SEE/SET) 6 11

Five CC Units Supervisory electronic technician
(SET)

Electronic technician (ET ) 27

Computer operator 7 39

Five COC Units Supervisory electronic technician
(SET)

Electronic technician (ET) 36 41

TOTAL 130

*Sourcc : “AP S Organization-Staffing Chart .’ At lanta Center (December t975~ .

69

— ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



— — - —--.-- .~~~~~~—~~~-------——~~~
...- - ~~~~~~~~~~~ 

-
~~ 

— - 

~~~~~~~~~~~~ 
- -

~ ~~~~~~~~~ ~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ 1r —

Table 26

ESTIMATED REQUIREMENTS
FOR PS TEAM ELECTRONIC TECHNICIANS

• ATLANTA CENTER

Annual
Number Number ÀY Team
of of Electronic Techniciat

Sectors Areas Staff ing
(persons)

36—42 6 63

43—49 7 68

• 50—56 8 73

57—63 9 78

64—70 10 83

71—77 11 88

78—84 12 93
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Table 27

ESTIMATE D REQUIREMENTS
FOR AIRWAY FACILITIES SERVICE FIXE D ANNUAL STAFF REQUIRE MENT S

ATLANTA CENTER

Annual Staffing per Sys tem
____________ (~~r sons ’~ ___________

Position IA and lB 2 3 4 5 6A and 6B

Technical staff ,
technician-in-depth 3 4 4 4 4 5

System performance unit ,
electrical engineer 5 6 6 6 6 7

• Other* 59 59 59 59 59 59

Total 67 69 69 69 69 71

*
Exclusive of AF team electronic technicians (see Table 26).
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V FACILITY STAFFING ESTIMATES

In this section we estimate faci l i ty  s t a f f i ng  requirements as a func-
tion of the traffic level (relative to the 1975 base year); these staffing
requirements are then related to annual demand forecasts.

A. Facility Staffing Requirements

Following the procedure described in the preceding section , we first
estimate study area controller manning requirements over a range of traffic
levels for each system. To facilitate this process , the manning require-
ments at the current average delay shown in Figure 6 are transformed into
those shown in Figure 7. This transformation consolidates the alternative
sector manning st~ategies of Systems IA (2.5 controllers/sector) and lB
(3.5 controllers/sector) into System 1, as well as Systems 6B (1 con-
troller/sector) and 6A (2 controllers/sector) into System 6. The transi-
tions between the alternative manning strategies are shown by the dashed
lines in Figure 7. The transition allows for the simultaneous use of both
manning strategies in different sectors in order to effect capacity gains
without excessive staffing.

With reference to Figure 7, manning transitions from Syatem 6B to
6A with 50% and 100% data link aircraft are assumed to occur during the
13-sector configuration. Once all 13 sectors are manned by two controllers
each (rather than the original one controller each), additional sector
splits are used to handle increasing traffic levels. The current average
delay is assumed to be maintained during each transition and reconfigura-
tion.

In the case of Systems lA and 1B , a transition from the current 3.5
men in two of the original nine sectors to 2.5 men in ten sectors is
assumed to accompany the initial resectoring from nine to ten sectors .
Successive sector splits are then assumed to occur until the original
9 sectors are configured into 18, each manned at the 2.5 level. At this
point, transition to 3.5 men/sector is assumed. However, corresponding
capacity gains at the current average delay cannot be achieved . This
situation is indicated by the vertical dashed linear curve in Figure 7,
in which the additional manning required to transition from Sys tem IA
to lB during the 18-sector configuration does not increase capacity (at
the current level of service). Since a strategy to increase manning
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FIGURE 7 STUDY AREA MANNIN G AND FACILITY CONTROLLER STAFFING ESTIMATES ,
BY SYSTEM: ATLANTA CENTE R

without increasing capacity or decreasing delay is not realistic , we
assume that the transition to 3.5 sector manning would realize a capacity
gain if accompanied by increased average delay. This manning transition
is approximated in Figure 7 by the sloping dashed line, which is a linear
extrapolation at the System IA curve. No manning transitions are needed
for Systems 2 , 3, 4, and 5 since 2 men/sector is standard for each.

By interpolation from Figure 7, we obtain the number of sectors and
the controller manning requ ired in the study area by each system at
selected traffic levels. These area requirements are expanded into
facility requirements using the expansion fac tors developed in the
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preceding section: 4.56 facility sectors/study area sector and 19.43
facility annual staffing controllers/stud y area day-shift manning con-
troller. The resulting facility sectorization and annual staffing re-
quirements are sunmiarized for Systems 1 , 2, 3, 4, 5, 6 (with 50% of the
aircraft equipped with data link), and 6 (with 100% of the aircraft
equipped with data link) in Tables 28 through 34, respectively.

In estimating the facility requirements , we p lace limits on the
number of sectors.  The maximum s tud y area conf igura t ion  of 18 sec tors
corresponds to a maximum facility configuration of 82 sectors , which
is double the current 41 sectors. We assume that airspace limitations
will preclude any further sectorization increases . We also use the cur-
rent 41-sector configuration as the minimum sectorization level. Al-
though it is feasible to combine sectors to create a less-than-4l-sector
configuration , we assume that such is not desirable because of the ex-
cessive size of the resulting sectors and the difficulty in recovering
from system failures with too few sectors .

Recall that staffing estimates in Tables 28 through 34 are based
on the study area manning required to maintain the current average delay.
However , when the traffic level exceeds the capacity of the 82-sector
facility configuration , we assume the facility staffing level will re-
main constant while delay increases. Simi larly , when the traffic level

• is less than the capacity of the 41-sector configuration , delays will
be less than the current average delay . These assumptions are included
in the staffing requirements of Tables 28 through 34, which are trans-
formed into the staffing factors shown in Tables 35, 36, and 37. These
factors re late facility requirements to the 1975 staffing base for the
Atlanta Center (Air Traffic Service , Airway Facilities Service , and
both) for each system for a range of traffic levels.

B. Facility Staffing Forecasts

We use the traffic forecasts in Table 38 to translate the facility
staffing requirements into staffing forecasts for 1980-2000. The result-
ing annual staffing forecasts (Air Traffic and Airway Facilities services)
for each system are shown in Figure 8. The minimum and maximum staffing
levels are 1im~ ted by the facility sectorization constraints . The ir-
regularity of the two System 6 staffing curves is due to the traffic
demand surge projected in the mid-to-late 1980s and the transition from
cne - to two-man sector manning strategies.

A simmsary description of the enhancement systems and a discussion of
the staffing estimation results are presented in the Executive Summary at
the beginning of this report.
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Table 28

SECTORIZATION MD STAFFING ESTIMATES
ATLANTA CENTER

SYSTEM 1--MS STAGE A

_____ 

Traffic Level (1975 base)
___________________________________ 1.0 1.2 1.4 1.44* 1.6* �1.8*

Number of Facility Sectors 41~ 59* 78* 82* 82* 82**

Facility annual staff (persons)

Air tr affic

c~~nt ro1lers 476 631 826 874 1020 1224
Team supervisors, area
officers/specialists 51 78 105 105 105 105

Other AT personnel 87 87 87 87 87 87

• Total AT 614 796 1018 1066 1212 1416

Airway facilitt ea

A? team electroni c technici ans 63 78 93 93 93 93
Other Al personnel 67 67 67 67 67 67

Total ~~ 130 145 160 160 160 160

Facility total 744 941 1178 1226 1372 1 1576
- 

_ _ _ _ _ _ __ _
__

_ _

*Extrapolated staffing at greater than current level of delay.

Maximum staffing , greater than current level of delay.

~Standard sector manning is 2.5 and 3.5 controllers (Systems IA and 18).

*Standard sector manning is 2.5 controllers (System IA).

Standard sector manning is 3.5 controllers (System 18).
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Table 29

SECTORIZATION AND STAFFING ESTIMATES
ATLANTA CENTER

SYSTEM 2——INC LUDING AUTOMAT ED DATA HANDL ING

Traffic Level (1975 base )

__________________________________ ~l.34* 1.4 1. 6 �L7l t

* * * * I
Numbe r of facili ty sectors 41 47 65 82

Facilit y annual staff (persons)

Air traffic

Controllers 350 398 554 699
Team supervisors , are a 51 60 87 105
officers/specialists

Other AT personnel 87 87 87 87

Total AT 488 545 728 891

Airway facilities

A? team electronic techn icians 63 68 83 93
Other A? per sonnel 69

Total Al 132 137 152 162

Facility total 620 682 880 1053

*Minimum staffing , less than current level of delay.

Maximum staffing, greater than current leve l of delay .

Standard sector manning is two controllers.
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Table 30

SECTORI ZATI ON AND STAFFIN G ESTI MATES
ATLANTA CENTER

SYSTEM 3--INCLUDING A UTOMATED LOCAL FLOW CONTROL

Traffic Level (1975 base )

____________________________________ _ sl.34* 1.4 1.6 �l~ 7jt

Number of facility sectors 41~ 47* 65* 82~

Facility annual staff (persons)

Air traffic

Controllers 350 398 554 699
Team supervisors , area si 60 87 105
officers /specialists

Other AT personnel 88 88 88

Total AT 489 546 729 892

Ai rway facilities

A? team electronic techn ician s 63 68 83 93
Othe r Al personnel 69 69 69 69

Total Al 132 137 152 162

Facility total 621 683 881 1054

S
Minimum sta f f ing ,  less than current level of delay.

t Ma ximu m s ta f f ing , greater than current level of delay.

Standard sector manning is two controllers.
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Table 31

SECTORIZ.ATION AND STAFFING ESTIMATES
ATLANTA CENTER

SYSTEM 4--INCLUD iNG SECTOR CONFLICT PROBE

- 
Traffic Level (1975 base)

___________________________________ �l,49 * 1.6 1.8 ~ l.94 t

* *Number of facility sectors 41 47 65 82

Facility annual staff (persons)

Air traf fic

Controllers 350 398 525 699
Team supervisors, area
officers/s pecialists 51 60 78 105

Other AT personnel 88 88

Total AT 489 546 691 892

Airway facilities 
-

A? team electronic technicians 63 68 78 93
Other PP personn.l 69

Total AT 132 137 147 162

Facility total 621 683 838 1054

S
Mini mum s ta f f ing ,  less t han cur r ent level of delay.

Ma ximum s taff ing,  greater than current leve l of delay .

Standard sec tor manning is two controllers .
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Table 32

SECTORIZATION AND STAFFING ESTIMATES
ATLANTA CENTE R

SYSTEM 5--INCLUDING 1007.. RNAV EQUIPPED AIRCRAFT

Traffic Level (1875 base)
— 

~169* 1.8 2.0 ~2,l3t

Number of facility sectors 41* 52~ 73* 82~

Pacility annual staff (p.rsoa*)

Ai~ traffic
Coatroll.rs 350 447 622 699

Teas supervisors, area
officers/speCialists 51 69 96 105

Other AT personsel 88 88 88 88

TOtal AT 489 604 806 892

Airvay facilities

AP teas .1.ctrouic technicians 63 73 88 93
Other A! personnel 69 69 69

Total A! 132 142 157 162

Pacility total 621 746 963 1054

*Minimum staffing, less than current level of delay.

Maximum staffing, greater than current level of delay.

~Standard sector manning is two controllers.
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• Table 35

AIR TRAFFiC SERV iCE STAFFIflG FACTOR ESTIMATE S
ATLAN TA CENTER

Tra f f i c  
_______ 

Facili ty Annual  St u f f i n g  Factor, by Syatea (1975 baae)
Level 1 2 3 4 5(100% RNAV ) 6(50% D. L.)  6(100% t).L . )

1.0 i .ot 0.80 0. 80 0.80 0.80 0 . 52 0. 52

(1.18) ( o.52) t
1.2 1.30 0.80 0.80 0.80 0.80 0. 52 0.52

(1.34) (0.80)~ (0 80) t

1.4 1.66 0.89 0.89 0.80 0.80 0.58 0.52

(1.44) (1.73)~
(1.49) (0.80)t (0 52)t

1.6 197 1.19 1.19 0.89 0.80 0.70 0.55

(1.69) ( 0 8 0) t

(1.71) (j ~45)t * (j •4 5)*~

1.8 2.32 * 1.45 1.45 1.13 0.98 0.91 0.67

(1.94 )  (j 45)*

2.0 2.31 1.45 1.45 1.45 1.31 1.13 0 .94

(2 . 13) ( 1. 45)**

2. 2 2 .31 1. 45 1.45 1.45 1.45 1. 33 1.14

(2 . 34) ( 1 .4 6 )**

2. -) 2.31 1.45 1.45 1.45 1. 45 1.46 1.26

2.6 2.31 1.45 1.45 1.45 1.45 1.46 1.33

2.8 2 . 31 1. 45 1 .45  1 .45 1 . 45  1. 4 6  1.40

3. 0 2 . 31 1.4 5  1 . 4 5  1. 45 1 . 45 2 . 4 6  1 . 43

3. 2 2 .31  1. 45 1 . 4 5  1 . 4 5  1 . 45  1.46 1 .4 5

(3 . 24)  ( 1 . 46)

3.4 2.31 1.45 1.43 1.45 1 .45 1.46 1 .46

________________________________________________________________ _________________ _________________ ______________ —J

I). L. — data link,

*St a f f i n g  fj c t o r  da ta  bas&’d on Tah it ’s 2 8 -( 4 .
t
Minimum staffing at curre nt average dt’ Lav .

*Maximum a~afftng at current average delay .

~Max tmum l ta fflng at s~’ctoriza t ton lim i t.
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T*ble 36

AIR WAY FACILITIES SERVICE STAFFING FACTOR ESTIMATE S
ATLANTA CENTER

Faci lity _Annua l_Staf fing Factor, by Sys tem (1975 bas.)*

Tra f fj c  
(100% 6 6

__________ 
1 2 3 4 RNAV) (50% D.L .) (100% D .L .)

1.0 i.ot 1.02 1.02 1.02 1.02 1.03 1.03

( 1. 1$) (1.O 3)~
1. 2 1.12t 1. 02 1.02 1, 02 1.02 1.0 31 1.03

(1. 34) ( 1~~~~) t ( 1.02 )1

1.4 1.231 1.05t 1.051 1.02 1.02 1.071 1.03

(1.44) (1.23) 1

(1.49) (1.02) 1 (1.03) 1

1. 6 1. 23 1.171 1.171 1.051 1.02 1.151 1.071

(1. 69) (1.02) 1

(1.71) (1 25)1 (1.25)~
1.8 1. 2 3 1.25 1.25 1.131 1.091 1. 1St 1.151

(1.94 ) ( 1 . 2 5 ) 1

2.0 1. 23 1.25 1. 25 1. 25 1.211 1. 1St 1. 151

(2 .13)  (1.25) 1

2. 2 1.23 1. 25 1.25 1. 25 1.25 1. 221 1. 1St

(2 34) (j,26)t

2 .4  1. 23 1. 25 1.25 1.25 1.25 1. 26 1. 181

2 . 6 1. 23 1. 25 1.25 1.25 1.25 1.26 1.221

2.8 1. 23 1. 25 1. 25 1. 25 1.25 1. 26 1.26t

3.0 1.23 1. 25 1.25 1.25 2 .25 1.26 1.261

3. 2 1.23 1. 25 1.25 1. 25 1.25 1.26 1. 261

(3. 24) (1.26 ) 1

3.4 1. 23 1. 25 1. 25 1.25 1.25 1. 26 1.26

D .L .  — data link .

4
Staffing factor data based on Tables 28-34.

t
St a f f i n g  at current average delay.
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! A iR  IKAFF II ’ ANt) AIR WA \ ’  C At ’U I t I C S  ~W KV t I F ~. ~. I A F P 1N : ~~~ I~~R E S I I M A I’KS

AII . AN ~~A ~ C : N f t K

Fa ci l i ty _ Ann u .a t S t a t  t ing Va~’ .’t • b y Sya te ~ I~~7~

tr.ff~~ (1001.
1 

- •  •~~~~~~-_  -- -) 4 !~!~ t~ 01. l) .L. ’) , l 0(fl. 0.1..)

1.0 1.001 0.8 3  0 . 113 0.113 0. 113 0 .61 0.61

(1.18) 0 1 1 1

1.2 1. 261 0.83 0.83 0.83 0. 83 0. dIf  0. 61

(1 , 34) ((I s ~~
1.4 1. 58t 0.991 0. 99t 0 .83 0 . 83 0 . 1181 0 .61

( 1 . 4 4 )

(1 . 49) ~0 .5 ~ o.~~t ) t

1.11 1.84 1. 1St I.  LM t 0. t)2~ 0 , 83 0. 78t 0 . d4t

(1.69)

• (1.71) ( 1 49) t ~~~49) 1

H 1 .11 ‘4.19 1.43 1.42 l.13t L oot 0.1151 0.75 1

i l .94 )

2 .0 2 .12 1. 49 1. 49 1.49 l.911t 1.13t 0.98$
(2 . 13) (1.42)

2 .2 ‘2 . 1 3  1.49 1. 49 1.49 1. 13 1 .311 1. 1st

(1 49)1

2 .4  2 . 1 4  1 .49  1. 42 1. 49 1 .49 1. 42 1. 241

‘4 .6 2. 12 1.49 1.42 1 .49 1. 49 1.42 1.311
2 .11 2 .12 1.42 1.12 1.42 1.42 1.49 1.37$

3 . 1)  9 .12 1.42 1.42 1. 43 1.42 1, 43 1.40$
.1 . 2  2 . 12 1.49 1.49 1.49 1.43 1.49 1. 431

( 1 .4*)~
3. 1 3 .19 1.49 1.49 1. 13 1. 13 1.49 1.12

l~,t .  . — .I*ta l ink.

*
s t  i t  I I ng t .  I .‘I .L*t ~I based o~ t~iI.t t ’s ~8— t~ -

S t a t )  i i t ~ j )  ~~
( ( ( • % •

~~~() (  _ jV~~IA5,’ .It t~IV .
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Tab le 38

TRAFFIC DEMAN D FORECAST ,
ATLANTA CENT E R

*Year Traffic 1.. vel

1975 1.0

1980 1. 25

1982 1.40

1984 1. 54

1986 1. 75

1988 1. 96

1990 2. 20

1992 2.35

1994 2.50

1996 2.64

1998 2.79

2000 2.94

source: “IFR Ai rcraft Handled by Uer
Category ,” Office Of Aviation

~~1icy (AVP— 120) , FAA (March 1975)
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Appendix A

ROUTINE WORK DATA COLLEC TION AND REDUCTION
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Appendix A

ROUTINE WORK DATA COLLECTION AND REDUCTION

As a result of various ATC- related data collection exercises ,1~~
SRI has developed a data collection/reduction procedure for NAS Stage A
equipped enroute facilities that is based on the following data sources:

. Video tape recordings of PVDs.

• Audio (including video tape sound track) recordings of
A/C and inte rphone coninunications. H

• Manual recordings of observed controller physical actions.

• NAS Stage A data analysis and reduction tool (DART) computer
printout records of R and D position FDP/RDP operations.

• Flight strips , used and marked-on by controllers .

These data are collected during a one-hour observation of a selected
sector ’s control activities. Each observation session is followed by a
one-hour structured interview of the sector ’s controllers. The interviewer
uses video tape p layback during examination and discussion of the opera-
tional strategies , procedures, and techniques employed by the controllers.

As part of the data reduction process , data measurements are assembled
into ~, format that facilitates cross-re ference of the observed activities
and permits a reconstruction , in part , of the routine control events . The
information on operational procedures obtained during the controller inter-
views, along with the data observations , provides perspective on control
requirements that is useful in the logical reconstruction of routine
events .

We used this procedure to collect data from four sectors at the Los
Angeles Center4 during the five-day period 24-28 June 1974. The center
was then using the NAS Stage A3d.2 system , including FDP and RDP capabili-
ties. In reconstructing the Los Angeles Center sector team activities
from the data collected, we developed the routine control event structure
that is the basis for the one shown in Table I of this report. Since the

• data collection sessions at the Los Angeles Center were conducted during
moderate-to-heavy traffic activity , we assume that these routine events
are representative of control requirements during capacity conditi ons
(during which nonessential activities are minimized).
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Also , as part of the Los Angeles Center effort , we made stopwatch
measurements of observed controller manual activities (FDP/RDP operations ,
flight strip processing) and recorded and observed oral communications
(A/C radio and inte rphone comunications and direct voice communication) .
For each identified task , we selected a “reasonable” minimum task per-
formance time from the data measurements to represent task work require-

men ts during capacity conditions. In de termining minimum performance
t ime s , we considered onl y those observed or recorded activities that we
judged to be performed completely ( s a t i s f i ed  information t ransact ion or
message content requirements) and with efficiency (without delay , inter-
ruption , or extraneous information). These data are the basis for the
task performance times shown in Table 1.

We cunducted a similar data collection effort for seven secto rs at
the Atlanta Center during the five-day period 15-19 December 1975. The
center was using the NAS Stage A3d .2 System , including FDP and RDP capa-
bilities . Two airline strikes were in effect during data collection ,
and traffic activity was moderate . Despite the absence of heavy traffic
loadings , the data collected and reconstructed substantiated the basic
routine contro l event structure resulting from the Los Angeles Center
effort , and indicated the need for some minor modifications. A restricted
effort to spot-check the task performance times also su”ported the Los

Angeles Center data.

In the remainder of this appendix , we review the data collection
results and describe the routine contro l events for the Atlanta Center
data collection effort.

1. Data Reduction

The data sources that were reduced in detail for Atlanta Cente r were
the audio recordings and the DART computer printouts. Flight strips were
also collected , but not individually studie d in detail. Although obser-
vations of controller actions were made , manual task activities and per-
formance times were not recorded systematically. Because of our previous
Los Angeles dara collection effort , we could ascertain routine events
using the audio tapes and DART printouts. Fligh t strips and video tape
recordings , which included A/C communica t i ons  on the sound t r ack , were
used to develop data for the conflict modeling procedures described in
Appendix B , while the video tapes were also used to structure and guide
our controller inte rviews .

We conducted a one-hour data collection session for each of the SCVCO
selected sectors, During each hour , the R position A/C and the D position

92 

~~~- - - . - - ~



____ 
- 

________________  
- -

~~~~
.—,..,-,.. - 

~~~ ~~~~~~~~~

interphone ora l communica t ions  we re s imul taneous l y recorded b y separa te

audio tape recorder s .  The A/C and interp hone recording tapes were manuall y
transcribed by writing down the  message and the a i r c r a f t  i d e n t i t y .  The

wri tten transcriptions were reduced to data statistics by coun t ing each
routine coninunication event according to its message content. This pro -
Cess resulted in the t.ibulation of A/C communications shown by sectors
in Table A-l . A similar tabulation of tnterp hone communications is shown
in Table A-2; howeve r , this tabulation required some cross-referencing
with A/C data to identif y the event if a question existed . (For example ,
re ference to the A/C transcriptions for a particular aircraft would deter-

mi ne whe ther an in terp hone communication on altitude clearance was a
traffic structuring or a p ilot request event.)

DART computer  p r i n t o u t records of R and D p o s i t i o n  FDP/RD P data  e n t r y

and disp lay-related operations were obtained from Atlanta Center data sys-
tems personnel. Each DART record corresponded to about a 1.25-hr period
overlapp ing the 1-hr data collection. The DART records were reduced to

• da ta statistics by coun ting each FDP/RDP operation according to its func-

tion . An operation ’s function (e.g., handoff initiation , data block!

leader l i ne  o f f s e t , a l t i tude  amendment )  can be i d e n t i f i e d  f rom the DART
printout by the quick action key and data format. This process resulted
in the tabulation of the FDP/ RDP operations shown by sector in Table A-3 .
Again , cross-referencing with the A/C or interp hone data was sometimes
required to identify events . (For example , reference to A/C transcrip-
tions for a particular aircraft would determine whether a fligh t data
altitude amendment was a traffic structuring or a pilot request event.)

These three tables were then mutuall y cross-referenced to construct
the routine control event tabulation shown by sector in fable A-4. This
construction requ ired us to make logical interp retations of event charac-
teristics based on judgment and the average hourly flow rate ; the latter
is the average of a sector ’s aircraft exits and entries , as calculated in
Table A-I.. For examp le , the number of handoff acceptance , initial pilot
call-in , and frequency change instruction events is assumed to be equal
to the hourly traffic flow rate , while the number of automatic handoff
initiations is equal to the al gebraic differe nce between the numbers of
handot f acceptance and manual handoff initiation events .

Because of an audio tape malfunction , no interp hone data were ob-
tained for Sector 37. In Table 2, we substitutea the interp hone fre-
quencies of Sector 42 for those of Sector 37 because both are transition
sectors . Because manual task activity observations were not recorded ,
no data were obtained for flight strip sequencing/removal and equipment
adjustment . Also , the number of events observed at some sectors for data
block/leader line offset and data block forcing/removal appeared too large to be
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OP Rt*IItNS cO’StROL OVENTS C!JRRRNT NA) STAGE A . AT LANTA aftu

t~~cur ,  S h I e S  per Sector

111gb Departur. Arr ivel  Los, LowP.o,.ttne ,‘ ntco ~~ Rnr o ute Transition Departure Arr iva l  T ranSi tion Arr ival E~rout .
(36) (11)  IA ~ 1) 42 (46 (52)

Allatoon CrossviIl. D?U
I
~~

h Norcrt.es Lant.r Co~~.rr.

Contro l juria.l t.tiun tran.t.r
I t a n d o f f  arcep tNJ w. 24 .!1 16 11 20 12 it

Fll~t,t data updat. 0 0 1) (N 0 0 0
t n t .r a .c tor  c oo r d j n a t i o~~ 0 2 2 0 1. 10
New flight strip preparation 0 0 0 0 0 2 I

lN.retoft Injtiation—au(o~stic 0 4 0 5 11 3 2
lNanual lni(iatiofl—siieit t 18 19 16 12 12 9 9
Intersector 1440(It L Il iIt iOn 0 * 3 1 0 1 1.

Traffic atructoring
i,.itiai pilot c*li—in 21. 11 11, 17 20 U LI

Fli ght 15(44 alt it.ule insert 0 0 0 0 0 2 1
A ltitude tustruct I o n  14 19 25 JO II 11

Plight tIltS altItud , amendeent 0 2 0 t~. 2 0 2
tutereac ror coordtomttoi. 0 • I I S I

tt.ading inet ructi ~’r. 12 iS 14 1. 2 5
Fl i ght data rout . .a n.ta.nt 4 0 0 0 I I
Inter je ctor coordination 0 1 I 0 0 1

S pSed ins truction 0 0 0 17 1. 0 0
Inte rs ect or coord inat Ion 0 0 .‘ 2 0 0

Mti..t.r setting Instruct io n 0 0 4 11. 0 4 2
Runway asaign..nt inst ruction 0 0 (N 0 0 0 0

• Pi lot alti t ud . r.pc-r t 1 7 4 14 It S S
Flight lat e alt etud e ins ert 0 - 0 0 0 0 0 0

Pi lot heading rapo rt 2 6 0 1 N $ 1
Pilot epe.d report 0 0 0 2 0
t ra f f ic  adv isory 16 4 0 1 1. 2 1
tran sponder code aselgne ent 0 0 3 I 0 1 2

Fli ght data cod e aaendwmr.t 0 0 0 0 0 0 2
Itisceilansous A/C coordination 0 0 0 0 0 1 1
Frequ .nry chang. instruction 24 2 1  ili 17 20 12 II

tnt .rsector coortlinatlo n 1 0 0 0 0 0

Pilot request
Att i tude ~evie(on 2 1. 0 4 1 2 1

Fli ght data altitud . anen~t.-.ent 1 0 3 1
lnt.r..cror coordination 1 0 1 0 0 0

Route/head Ing rev ision 1 0 0 0 1 0 0
Flt ghr data rout. a.an~ti*nt 1 0 0 0 0 0 0
intersertor coordination 0 * 0 0 1 0 0

Speed revision 0 0 0 0 0 0 0
Clearanc , delive ry 0 0 0 0 0 0 1
Miscel laneous pilot request 0 0 0 0 0 0 0

Pointou i
Potn tout acceptance 0 1 1 0 1 1 0

Data block suppression 0 3 0 0 1 0 0
Poin tout Initia tIo n 1 2 7 3 3 0 2

t’..en.r.l inter n e r to r coordinat Ion
Cont iul inet ruct ton approval 2 * 9 6 6 7 4
Planning advisory 2 2 4 2 4 0
Aircraft status advisory 2 2 3 2 I N
Control Ioried tct ton advisory 3 * 3 S 1 2 2
Ci.arance d .ttvery o o 0 0 I 2

Flight data upda te 0 0 0 0 0 0 2

General sy stes operat ion
Flig h t data ‘.etteate ,spdata 1 ii If. 9 14 6 13
Data block/ lead er line of fset 2i~ 2b~ O~ 14~ 1l~ O~ 44~
Data bl,.ck torci ng /reen val I9~ 16~ 2S~ SO~ 12~ t.~
Mi. r .tlaneoua data serv ic e 1. I 0 2 1 I 4
Plight str Ip s.quenrtnjfre . vat N N a a N a
Equlpeent adjustaant S * S N N N 

- -

((CI. nOt oblal. ,NJ o t  A t t . n t a  C o o l o ,
‘Rust.., ..t occurr.,,4-’.s 4,.dg.d to be nonr .pre. .n(ative of cap ar tly cond Itions.
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representative of capacity or heavy traffic conditions . For
• each of these four events we assigned event frequencies (Table 2)

that were adlusted in accordance with the Los Angeles Cente r data.

We obtained the numbers ~t t  new t light s t r i p preparation events by
coun t tng the hand—written flight strips (which we re not  printed by
computer)

2. Routine Control Events

The following discussion provides an overview of the routine contro l
events we associated with enroute sector operations. These events , which
are listed in Table I , are deve loped from our data observa t ions and con-
tro l ler interviews to define control activities as logical representations
of operationa l requirements . Table A-5 includes a brief summary of the

• controller activities associated with each event , and parallels this dis-
cuss ion .

Contro l Jurisdiction Transfer--A handoff between two sectors trans-
• fers authority over an aircraft and full access to the aircraft ’s computer

data file from one team to the other (direct control is effected when the
aircraft crew switches onto the receiving sector ’s A/C radio frequency) .
A silent handoff (i.e., a procedure not routinely requiring intersector
interphone conmrnnication~ is initiated either automatically by the NAS
Stage A computerized operations or manually by a secto r team using FDP/
RDP keyboard or trackball operations , or both. Either handoff initiation
mode causes a blinking “H” and the receiving sector’s identity numbe rs
(e.g., “H-.36”) from the aircraft ’s data block to appear on the PVDs of
both the initiating and receiving sectors. Handoff acceptance is per-
formed manually using FDP/RDP operations and causes the flashing “H” to
be replaced by the letter “O ,~’ which is retained for about one minute on
both PVDs. The receiving sector team manually marks the le tter “R” (for
radar contact) on its fligh t strip for that aircr1lft , and the initiating
sector team marks a circle around its “R.”

Handoffs between NAS Stage A sectors and non-NAS Stage A or non-
ARTS III facilities cannot be performed silently and require interp hone
cosinunications to transfer contro l jurisdiction . The NAS Stage A sector
also performs FDP/RDP keyboard and trackbalt operation to initiate or drop
computerized radar tracking. This activity is normally accompanied by an
additiona l FDP operation to inpu t fligh t data updating information (e.g.,
departure message , altitude clearance).

Intersector coordinations sometimes accompany silent handoffs when
standard contro l procedures are not strictly followed (e.g., as a result
of conflict avoidance instructions). Intersector coordtnations generate
intrasector consultation between R and D contro l lers to confirm information
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transfers • in casc s o I an UfleXpt1C t t’ti .‘i It t~ t ~l I C pop —up , a P~lPt~ t I I 1gb t
at  rip for t hi’ at rc raf t  is manual I y p r~-pa tt ~~i t oy he’ I) con ( l Ot  h-i

• 
- ira f f 1  c St t~~t t  ur I — — ibest - even C s inc 1 tide’ the p toce-dura 1 —based ac —

t ivit it’s rout tnt’ iv requ t re-el to pi-ocess an at r~- i-a ft through a si- c- t o t
rhe’ t raf f h- s t r ut-t u r i ng  has it- e’vent S a t e ’ a I tn t  (tat ed by A ~: t-1’I1UUUII I e’a—
t I Otis and gen e’ ra L i v  tnt’ I ut le - some- manna eta t a ttp d~ t I ng or r ’co ret tug task

Each A/ t .  c e*nmun I c.it ion 1.1 sk en I ii i  s ne-go t tat . ton or C~C’ItI I nua (ton be C we’n

p ilot and controll er. hi t ’ fi r st traffIc st ruc tu r ing e’Ve Iit for  an a i r t - t a i c
is the! p ilot ’ s [nit ial fl igh t letent  it v and 41 t i t tale ’ re ’po1~t c a l l — i n , which
is manually ‘‘t-he’t-ke’et’’ on the ’ ft tgh t strip. I C the 411 r cra f t  is not -qutpped
with automatic a t t i tude report tug (Mode t ’ )  equipment the i-c-pott ed ~i t t t —
tude is manua l Lv en te r~-eI Into tii~’ Fl)P et a a f i le  l’v ke’ ~-be oa iii opt’ rat  Ion anti
marked on the flight St rip . At  t I tuck’ • he-acting anti spee d inst iuet tons ,
and pilot reports are’ manua i t  \ re’cot-d ’d on f I t  gu t  s t r i ps  . Whe-n a It it ud~’
clearances do no t conf o rm to c i tF t e ’n t  C Lig h t p lans or When a re-po rted a t —
Li tude is no t from a Made’ t~ equ I p~~e’et at  i-c r a f t  • the’ FDP f t  I gh t p 1 an eta C a
ftl ’ is amended or the - PVfl alt I tuck’ cu sp Liv I s t - O F t e -~ - t e’cl by manua l k -v—
board insert ton . Inte’ rp tinue’ coo rd m a t  tons (tilt I at eel l~\- a set- to r team
are’ gene’ rally requests to adl ace’nt sector t eams to app tOVt’ and con fi rm

the issuance of nonstandard t r a f f i c  si rut-turin g Inst ruct tons . Alt t iuete -r
setting and runway assignmt’n t instructions a t-e rout L~ e’ 1 ~

- ts~~ue~eI In  l ow • - -

a t t i tude’ sectors to assist  climbing and de’sct-nd Lug at i-c t t  f t .  Fia C Ci ~
advisories describing proximate i-a C f t c  • t t-ansponder code ’ cot re-ct I otis

and misce I Iane’ous A/ ( coordinat icons i~e’ • g . . tad to fa i lure’ assistance’’) ar-
• per formed as needed - A con t ro l Icr — t~v—p ilo t instruc t Ion t o  change’ tad to
• frequency to that of the iiext sec tot- culminates the’ traffic structuring • -

ac t iv i ty  for an at v t - r a f t ;  it is manual Iv  recorded Ott tile ! ~It rc r af t ‘ s I Light
str ip at the Los Angel e’5 Cen te’ r 1w mark tug a second ci rd e’ around tlt ’ “R’’
and at the Atlanta Cen te’ t by marking a c r o s s —  i t  t ie’ tti rough th e “check .‘‘ - 

-

i,The’ frequency change Ins t t n t -  Lion is immedia te iv preceded by fo nna I hand —

of f  tnt List ion and accep tance  of  cev nt  rot ~uv tsd tc t  ton l~ the t t~~0 se ’t- tot
teams.’)

P i tot Request — — C~ s k re qut  reme’nt S gene’ r a t  ~el by pi lot re’que’S t 5 t O  to —

vi Se’ at L i  tilde’ , route ’ • he’ad tug • or spe ’~ et e- I ~a rances a i c ’ C’ ssen t t a l l y  similar
to those of traffi c St rut-turing except that tlie ’v a l l’ liii t iatect b’4 au a ir  —

c raf t  c rew. Al 1 are in it iated isv A/C communicat tons and . except Cot m i s—
ce I laneous re’ques La such as navigation ass tsta nce or weather Information •
entail flight str ip process tug . I~1)}’ - RJ)I’ —bas ed da ta  ameudmen ts o t tnt ’ r —
Sec tot coord inattons art’ per formed as r equ i red  • in Se~l%t’ tow S~ c t  015
c learance deliveries to app rove flight p lan rou t tug are iss ned ~1 I ret- t lv
to pilots (rather than a te’ rmtna 1 fat- t i lt  v ’) by means o f  A t~ coninirnicat ion .
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Such clearance del iver ies re’quire FDP/Rl)P opt-rat b u s  to update’ the t Ltg ht
progress data in th ’ computer file (e .g.  , depar ture’ message’, alt I teide
clearance) , and f t  ight str ip marking to te - t -or d the I ssuaue’e- of the’
c It-avant-c’ delivery . any add it I tinS I fligh t st rIp cit tlfl’ dat a re’vt $ tons

that may he required SFc’ 5$ sinned to oct-ti r simultaneous I ~ 
w i th  the A / C

conmiunication’).

Pointout—-Pointou t actions are’ required by a se’ctor team to retain
contro l of a i rc ra f t  brie’ (Iv in or near another ’s at F5Il .It-e ’, A polntout

initiation entails RUt’ keyboard operations to fott -e’  an ait-craft ’s al pha—
numeric data block onto an ad jacent se’c tot te ’Sni ’ s IWo and f t  igh t s t r ip
marking . Since’ the’ sect or t ~‘.‘iin re’ce’ iv tug t tic ’ forced da ta block norma l i v
has no fligh t strip pertaining to th e’ aircraft in que~: e lou • int e’rp heone’

coninunicat ions tite’ needed to t ransmit relevan t t~ ligh t in formation . The’
receiving sector may also disp lay pertinent l-’DP data on its I) posi t ion

CRD , al though this normally oct-curs during the i nt e r s e e- t o r  coordina t ton .
The receiving sector , by means of manua l ROn’ , keyboard/c rsckba l I opera—
t ions may suppress the felt-cod data block disp lay as des i red.

General Intersector Coord ination——The s’~ events include ! those’ infco nna
tional t ransfers that are performed by sector teams to maintain mutua l
cognizance of unu l tise’ctor t raffle movement and that are not part of hand —
off , traffic structuring , pilot vt-quest , or pointout .  Cent- rat tn te rse t -—
tot coordination events almost entirely entail tnte’rphone and direct vo i c e
coninunications . Contro l instruction approvals are’ issued in respons~’ to
othe r sector teams ’ traffic structuring and p ilo t reques t  a c t t v l t i e ’s .

Planning , at rc raft statets , and cont t-o I tnt isdtc t ton advisories are U5t-(l
to clarif y general procedural and individua l alt-craft situations . Cleat- - -

ance deliveries are negotiations with airport towers to approve flIgh t
routings if silent departure procedures are not established and inc lude
manual flight str i p marking to indicate iss uance’ ~of till’ clearance’. FPP /
RDP keyboard operations are necessary for updating flight pretgres s f t l e ’;t
(e.g. , departure mess age , ait i  tude’ clearance) if the ’ toW e’t- is not Ft)P
equipped .

Genera l System Operation--In thIs category are those’ activitie s not 0

included in the above descriptions , such as equipme’nt operation and data
maintenance. Genera l system operation events at- c’ enttre’ly performed by
FDP/RDP operation and fligh t strip processing . Flight-p lan update message’s
(e.g., altitude , route , or beacon code revision ; expected post tton fix
time arrival; airport departure confirmation) fr om incoming flights etis-
played on the l~ controller ’s CRD by the PUP system are manuall y copied
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on tel t h e ’ ap~ot-opr t a t e  p t-oposa 1 C i i  g u t  st  r ips  . Us I ug ke -\-boatcI / C rat-kha 11
opt- rat tons • ti le’ R douit t o t te r  so let- It vet v mod it It-s (he ’ LW1) by ot  t s e  C I lug
or re’orte’ut ttng st phanuine’t ic  dat.t blcocks t o  a l L o t - t a C t ’ d i sp lay  t - i u t t e’i and

for~-ing or r e -movi ng data block eltsp lSvs - ~An .- t t i  e t a f t  ‘ s dat~i bl ot-k is
re’ Ca tnt-ct ~on ti le’ PVU of 11 5e ’c t o t  I e’alIl in t 1 t Il t tug II hIIIt lCICI t~ t to t -  a I lye’ —

ml little’ p~’t-iod sIte’ t t i le’ lisudot t~ has to e ’t-ii :It-t-e’t’ h-~h Su et is unauttill Liv to tc~ el

• back onto th~’ PVI) as u oqct t tod . ‘I Mtsce ’t lStte ’otiS el~ t .t Se ’ t  V i t - 0 5  InV olV ing
FlIP Sist e’tfl Ol’e’tt i t touts tn t-  icicl e ’ req uestS tot We’a t hle ’t Su e1 a l t  huetet el.i t .i

eliS~ 1 IIV$ and C I I  g ut St  rip Ut tt t t tug, r~’ntoVa I o t t t igh t p tans (it-mt C t ie ’
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Appendix B

POTENTIAL CONFLICT MODELS AND APPLICATIONS

This appendix describes mathematical models for estimating the ex-
pec ted frequency of potential conflicts and their applications to the
11 selected sectors of the Atlanta Center •* Potential sector conflicts
were examined using techniques based on the RECEP methodology developed
during previou s SRI research 1

~~’ and adapted to At l an ta  Center  operat ions
in accordance wi th  our on-site  observations , data collection, and con-
troller interviews .

1.. Potential  Conf l i c t  Frequency Model

Potent ia l  conf l i c t s  are pro jec ted  violat ions of separation minima
perceived by controllers . Since this project was concerned with the
radar environment, the ATC radar separation minima are the criteria to
be maintained . These criteria , based on our observations of the actual
separations exercised by contro l lers , are as follows :

• Aircraft are separated by less than 1000 feet in altitude
(2000 feet above FL290),

• Aircraft on arrival routes about to enter terminal airspace
are separated by at least five nautical miles.

• All other aircraft are separated by at least ten nautical
miles.

The two primary means by which these separation minima can be vio-
lated are by the intersection of two aircraft flight paths or by one
aircraft overtaking another. The possible events resulting from these
two violations are listed in Table B-l• Since there are differences in
the difficulty of resolving the potential conflicts resulting from these
events , the events should also be classified by type of aircraft involved ,

*
The Ii sectors are the 9 sectors included in the ATF study area model
and 2 additional sectors that were part of the original data collection
effort.

107 
_______ _____________

- ~~~~~~~~~ 
_ —- -~~~~~---—---- — —— — ——— ~~~~~~~~~~~~~~~~~~~~~~~~ • -- —~ 

-

& :- . 
~~~CXI~UG P~~~ ~~~~~~~

f —

L.



~~~~~~~~

-

~~

——-

~

-

~~~~~~~~~~~ 
_ _ _ _ _

Table B-i

EVENTS RESULTING IN VIOLATION OF RADAR SEPARATION MINIMA

Crossing conf l ic ts  Intersection of two a i rcraf t  f l igh t paths
at the sante al t i tude .

In tersection o f a t rans i t ion ing  (climbing
or descend ing) a i rcraf t  with a leve l air-
craft at altitude.

Intersection of two transitioning air-
craft

Overtaking conflicts Aircraft at the same altitude .

Airc ra f t  t ransi t ioning on the same track .

such as nonmilitary versus nonmilitary, military versus nonmilitary, and
mil i tary  versus mili tary . Ho~~ver , during this project , there were not
sufficient data to make these distinctions meaningful.

SRi has developed a numbe r of simple mathematical models for predict-
ing the expected numbe r of events . Data acquired in our measurement phase
were compared with estimates generated by these models as verification .
The development of the mode l used to predict the expected number of con-
f l i c t s  at two air routes is described in Reference 10. Only the result-
ing expressions are presented here.

Crossing Conflict Events--The frequency of conflict events at an air
route intersection depends on the aircraft flow rate and velocity along
each route , the minimum separation requirements , the angle of intersection
be tween the routes , and the number of flight levels at which conflicts
would potentially occur . The average frequency of confl icts  at an inter-
sec tion can be found from:

E = 

~~ 2 f
j1

f~2
X~~~V~1 

+ V~2 
- 2V

11
V~~ cos 

~c
A i 

V~ 1
V~2 

sin Q’
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whe’re

E avc rage numbe r otT c onf lid t S / hr .
C
A

C
1 

f low of a i rc r af t  at Flight Leve l i along Route I
(airc raf t /hr~ -

C . ,  = flow of aircr aft at Flight Lev~’1 I along Route —

— 
(aircraft/hr ’) -

X = separation minimum used by controllers (nautical miles ’l .

V
11 

average speed of aircr aft at Fligh t Leve l i along

Route ’ I

= average speech of  a i r c raf t  at Pligh t Lcve l i along
— 

Route 2 .

= angle otT i n te r s ect i o n  be tween the route’s.

~ ind icates t he summatioti over a ll flight levels a t  which

confl icts may occur .

Though this relation is quite sui table for use with a computer , it is
somewhat cumbersome to evaluate manuall y . For this reason a nomograc’h

has been developed’~ that gt-apii icallv describe s this mathematical re’La—
t ionsh ip. Intersections of more than two air route’s were treated by

f i n d ing the sum of the expected number of c o n f l i c ts be tween a l l  poss ib le
pairs of air routes. Cho expected num be r of conflicts was calculated
for each fligh t level considered and sunmied over all flight leve ls  to
determine the total conflict frequency associated wi th that intersection .

When one of the crossing routes is a transition route , it is nece ’ s —
sar y to eva luate the additional e f f e c t s  due to the interaction of t he
transitioning aircraft  with air t ra f f i c  at more than one flight leve l
on the other route. A transitioning a i rcra f t  can conf l ic t  with air traf-
f ic at the actua l route crossing alt i tude, hut it can also , because of

sep arat ion standards , conf l ic t  with t ra f f ic  above and below this flight
level. For this reason , the air traffic contro l ler usually provides

sepa ra t ion as if transitioning an aircraft “block” more than one altitude
at the same time. This concept is equivalent to treating a transition

c rossing as a number of simultaneous level—leve l crossings at the “blocked”

altitudes. Therefore , the calculation of the expec ted  num ber of conf~ ict s

of this type entails summing the expec ted  numbe r ot  c ross ing con f l i c t s  at
each fligh t leve l a f f e c t e d  by the t ransition inS iou te. The numbe’ r of

a l t itude s that are a f fec ted  is a f unc t ion of  cl imb/descent angle and
separation cr i te r ia.  Procedures developcd~

t can be used to determine’ the
vert ical  distance required (and therefore the number of t l ight levels
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affected) by a t rans i t ion ing  airc r a f t  f low whi le  crossing an air route
(the data assume a route width of ten nautical miles). Knowing this
value and the vertical separation minitnum , one can determine which flight
levels are a f fec ted  by this  even t .  The number uf potential conflicts
resu l ti ng between the aircraft flow on each of these flight levels and
the f low on the t r a nsi t i on ing route can then be determined and summed .

Overtake C o n f l i c t  Events--The expected f requency  of overtakes along
a level or t ransit ion ing route and between leve l and t r ansit i on ing  routes
in the same di rect ion can be de termined  f r o m  the f o l l o w i n g  r e l a t i o n s h i p :

n - I  (1 + ZX) f n f
E = ‘ 

~~~~ 1V 1 - Vk l , (2)
1=1 i k=t+l k

where

E ave rage numbe r of overtakes/hr.

n = numbe r of discrete speed categories along the route .

I length of air route (nautical miles).

flow rate of aircraft traveling at the 1th speed
(aircraft/hr)

V~ average speed otT the i th speed class (knots).

— flow rate’ of aircraft traveling at the kth speed

— 
(aircraft/hr) .

V
k 

— average speed of the kttt speed class (knots).

X — separation minimum used by controllers (nautical
miles).

- V
kl nt.~ nitude of the difference in velocities of the

two speed categories.

In this relationship , the summation symbo l (~ ) indicates that  the calcu-
lation Is performed for each possible pair of speed categories , and these
results are then summed to find the total number of potential overtakes.
This procedure is followed for  each flight leve l on a leve l route and for
each transition route in a sector.

Again , to reduce the computationa l effort , another nomograp h3 was
used to aid in the evaluation of this expression. The frequency of

S
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occut-renet! of potential overtake c~ nft  l ets  along a route’ can be’ dt’te’ nnineei
from I-h Is nomograph using at i c’ raft densi t v for each at rc raft speed c Lass
t, In terms of at rera i t/ nau t ie’aI ml It ’ aLong ~i t-eiu ( e’) . A t t cra tt eletist tY 1$
found by diytel tng t h e ’ h our Lv t t a C t i c  it ow of each $pe’e’et c lass (In air —

e r *f t  /ht-) by the ave rage’ ye h oct ty of that sp~~ d c lass i. in knots , the’
route 1 e’ngt h t. In naut (cat mi tes )  • and th~ d i CC ’ i~e’ne~o in at it’ a t t spoe’el
e’ lasses (in knots) . This nomograph was used to evaluate the number o C
potentIaL c ve’rtakes e’auseet by mote than two speed cLa sse s  by semuning the

expe’t’t e’el number of ove rtake’s for at h possible pat rs o t spee d c~ lasses :11
a uv gi ve’n fligh t Love ’ I . Then the’ so reset I t $ we , t~ siminc’d for a I I (I I gh
leveLs anti transit ion route’s.

For the’ e~ccas tona l tnte’rac I ton of a t ~mns It t o n i n g  a lt  c ra f t  t t a c k
with a L e’ve’ 1 at re raft route’ where’ t lit’ at cc t a t t art’ on øppost t e ’ headings
(met ’ t tug head —o n) , the e ’xpo e’ ted  numbe’ t- o t~ such conf hi e~ t s can be’ exp it’ 550th

as:
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where

F expec t ~‘d numbe’ t o t con tT Itt’ t s - ‘hit -oh
C — t Low of aircraft a tong th’ th tr ansit ton i ng t t-ac k

(aircra ft/br).

flow of airera t’t along (lit’ rout i’ Lit (lie’ kIlt alt it u ele ’

(aircraft th c - )

X — separation minimum (naei t I cat m i t e s)  .

V aye ’ rag ’ spocel of ai rcraf t  a long the 
~ 
th 

~ tans i t ion tug
- track (mile ’s ,- h rh

V
k 

— ave i-age ’ speed of the a t rc ra i t at ong the rou te at the kth

attitud e (mItes/hi).

V~ — t tans it toning c - at e ’ (or tIt ~’ t t ans it toning at ic taf t
(ml It’s l I t r) i, I • e’ - , c-limb or descent I-ate’ t ot the’ t ran —

stttontng alt - c- ra t  t )  -

I — each t i-ansi t toning t rat’ k used in the’ sec toe .

k — each a l t  I tude leve l , used t ot - air traf f to that Inter-
sects I.
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This expression was evaluated analytically in the few cases where it ap-
plied and was added to the expected overtake workload for the sector.

2. Descrip t ion of Sector Conflict Modeling

Sector 36--Atlanta Ce’nte r’s Allatoona sector is an ultrahigh altitude
sector (FL330 and above) situated directly above the (rossvil [e sector.
This sector has mainly leve l enroute traffic flying between Florida and
the Midwest and between the Northeas t and South Central regions . The
principal routes within th is sector are :

• J22: a leve l , high volume route with northeas t traffic in
FLs 330, 370, and 410, southwest traffic on FLs 350 and 390,
and several northeast-bound flights separating at TYS and
using J91.

• J43: for leve l , enroute northbound and southbound traffic ,

• LOU-TYS : for airc raft southeast at  F1330 over TYS.

• J46: for level , enroute eastbound and westbound a i r c r a f t .

• J89: for leve l , enroute northbound and southbound aircraft
between the Midwest and Florida .

• 7118: for eastbound and westbound aircraft.

• J45-73: for northbound and southbound aircraft.

The spatial pattern of crossing conflicts in Sector 36 is similar to that
in the lowe~ adjacent Crossville sec tor , with the exception that most
Allatoona c rossing conflicts are between leve’l , enroute aircraft , while
a significant portion of those in Sector 37 involve aircraft transition-
ing out of A7L. The major sources of potential crossing conflicts appear
to be the intersection of .122 with .189 and the routes that intersect ov.-r
TYS. Overtaking conflict potential is dimtni-al~ed in this sector by the
full use of all fligh t levels along the several~rgj~etively high volume
routes , which serves to separate by alti tude the iai~ e~~ leve l , enroute
traffic found therein . The Allatoona sector route struct’uzz~ is illus-
trated in Figu re 8-1. The conflict equations , based on sepaia~j~ons of
ten nautical miles , were found to be: ~~

-‘--------

C - (4.8 x l0~~ ) N~

O - (0.9 x l0~~) N~ ,
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IN SECTOR 38

where , for this and each of the sectors evaluated below ,

C is the average number of potential crossing conilicts/hr .

O is the average number of potential overtakes/hr .

N
11 

is the number of aircraft handled/hr .

Sector 37--Atlanta Center ’s Crossville sector is an intermediate
altitude (FL240-.FL3IO) sector north of Atlanta. it is situated above the
northern part of Sector 38, and directly west of the Lanier Sector 42.
The air traffic is composed of flights originating in Atlanta and climbing
out of the North Departure sector , some leve l enroute flights , and a tew
transitioning flights at stations such as Chattanooga and Birmingham. The
sector ’s route structure is shown in Figure 8-2. The major routes within
the sector are:

• J43-9l: for flights climbing out of ATL and Sector 38 to
TYS and potnts north (J43) and northeast (.191 and J22).
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Some level , enroute aircraft at FL270-FL290 can be found
on this route.

• J89: for aircraft transitioning north from ATL to the
Midwest and for some level , enroute northbound and south-
bound traffic .

• A transition route over CHA : for aircraft climbing out of
ATh and Sector 38 and headed in a northwesterly direction.

• J22: primarily for level , relatively low flying enroute
aircraft between Northeas t and South Central regions.
Some transitioning along this route at Knoxville , Binning-
ham , and Chattanooga is like ly .

In Figure B-2 , seve ral random, sing le aircraft flight tracks have been
deleted for clarity. The traffic structure of the Crossv ille sec tor
resembles tha t of the Pu laski sector , wi th a scattering of relatively
low volimie routes that tend to create crossing conflict workloads of
more significance than overtaking workloads. Sector 37 does, of course ,
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con tain mote’ t rans it toning atc~- raft t han I lie’ Pulaski se ’c tor  . The ma lot
t n t e ’ r sc ’ct ions in the se - c t o t  art’ those of .122 t ra f f i c  vi th tht’ three’,
i arge’ lv t tans i t t  on tracks out of A fl~ . Tht’ con ft I c t equations , using
separations of ten nautIcal mitt’s , were’ found to he:

C — ~4.4 \ lti~~ )

0 — (~O .’~ \ l0~~ ) N

Sector 3 8 ——At  lanta Center ’ s North Depart t t t t’ Sec tot is a t e ’ t a t  (ye’ 1 V
tow altitude’ (FL1204’i.2 tO) t rans it ion se’ctoc- t hat handle’s aircca t t ci tint’—
tng out of the’ At lanta L’RACON and he~ided fo r dc’s t I nat iocts in the’ Not t It —

e’ast anti Midwest . The depart ing stream of at rcraft enters the ’ 5t ’c to t
Sout Ii o I the ’ 2QC it X fu el is separated at 2QC Into th tee st re’ants at - ce~ t~cI —

lug to de’st m a t  ton . I-lost aircraft ci 1mb ou t: of the’ secto r  Into the’ ad—
acen t highe r sectors with in ‘~O naut I cat ml los of the ’ deme’ rge’ pet tn t , as

shown in F’ I gure B— I . As a re’ suit • the ’ te’ a t~~’ gent’ i-all v no tnt o rse’c (I Ott

c ross ing con Ii Ic ts within the s e c t  or • At separat ions of f ive’ nau t i c~c I
miles ~t the’ entry point t i’RACON boundary) vi th t racist t ion to se- h a t at louis
of to n nau t ical miles  at sec to r  e x i t s , the overtake’ confli ct process ing
load is 1 tgh t , hut s i gn iii e’ant , and can be found lion th.~ ,‘xpI, ’ss I on

- 

0 — 0.1 \ i0 t) N~ .

Sector t’~——A tiant a Ce’nte r  ‘ s Chattanooga sector is a rathe ’r sinai 1 , - -

“fiat ” (F’L2 IO— FL270) se ct or  u~ e’d pt-tmarl lv hr at reta ft e’n ro tut o t o  A I L
t~ torn t he’ no t- t It and We’s t • l’he’ t hi- ee’ ma j or ope’ rat tonal rotc t c’s , as s liowu
in Figure 11-4, are:

• J4’~— 7 i :  tot At ’t. arrivals from t he ’  Midwest.

• .1 1i6: for art-I vats from Me’mph is and p o in t s we’ st

• .122: tot Ic’ iatt Ye’ iv low teve’ 1 enroute tt-affi c and t t-an—
sit toning t ra f f i c  at CHA .

the eWe ’ rail eon f i t  e~ t proc e’ssi ng work load Is it’ tat 1 ye I v ligh t , w i t h  SOnic’

pott’ntlat crossing t’on t  1 lets at the’ h i t  e’ t S e c ’t (otis ot .1 ~~ with the’ arttva l
routes *nd SeMite pot out tat OV e ’ rtaking confl icts on t h e ’ re’ Lat  lye Iv shot

t i c t 
S

~
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ar rival routes. Sec tor conflic ts , using separations of ten nautical
mi les , can be es timated from :

C — (1.7 x 1O~~) N~

O— (1 .O x t 0-~)N ~

Sector 40--Atlanta Center ’s Dallas sector is a low-to-intermediate
level (FLI2O-FL270) arrival sec tor situated “downstream” of Sector 39.
Its operating characteristics are similar to those of the Norcross sector ,
since it is responsible for merging and sequencing streams of arrival
traffic to the Atlanta airport. Traffic descending into ATLI is sequenced

_ _ _  
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FIGURE B—4 PRIMARY ROUTES
IN SECTOR 39

• along one of the three routes shown in Figu re B-S-- l~ b from the west ,
J45-73 front the northwest, and a route f rom BHM to the southwest--and
merged at the RMC VORTAC for transfer to Atlanta approach control. Air-
craft crossing the arrival routes are routinely vectored under or over -

:

the inbound streams.

The merging workload at RNC contributes significantly to tht’ poten—
tial crossing conflicts in the sector , while the sequencing of the
arrival traffic contributes to potentia l overtake conflicts . Because of
the prevailing , westerly wind patterns in the area , inbound speeds and
speed differences of eastbound aircraft are’ significantly greater than
for southbound and westbound aircraft using Sector 41, which contt- ibutes
somewhat to the sector’s overtake workload. For this reason, separations
of ten nautical miles wct-e’ assumed to hold throughou t the sector. The
confl ict equations , similar to those of the Norcioss sector , are :

C — (2.7 ~ iO~~) N~

0 — (5,8 \ 1O~~) N~
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Sector 41--Atlanta (‘tinter ’s Noreross sector is a relativel y low at-
titude (FLI2O-FL23 0) arrival sector to the north and east of At lanta
over the Norcross , Georgia , VORTAC (See Figure 11-6). Sector 41 has two
primary arrival routes that merge at an inbound fix to the At lanta TRAC ON
at FLl20. The sector contro l lers are therefore responsible for merging
and sequencing the traffic from these routes before transferring contro l
of the aircraft to Atlanta approach control.

in mode ling this sector , separations of five nautical miles werc
assumed to hold at the OCR merge point; separations of ten nautical m ites
were used elsewhere. The re lationships for crossing and overtake con f l ic t s
in the current Sector 41 configuration are’ expressed by:

C a (2.7 * lO—~)

0 — (b.4 ~ 10~~ ) N~

Most of the crossing conflict processing entails the merging at OCR
and 2L1 of aircraft in the two arrival streams crossing the f’t’S and FOC
VORTACs. Some random crossing traffic occasionally intersects the two
routes on east-west headings, but usetatly at altitudes well above or
below the high volume inbound routes. When potential crossing confli cts
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OF SECTOR 41

between these aircraft and the inbound streams do occur , routine “tunne l-
ing” or “clim b ing” directtves are issued to the aircraft involved .

The sequencing of aircraft on the inbound streams entails significant
overtake conflict processing work. For aircraft transitions into Atlanta ,
controllers generally allow the use of “pilot discretion” to maintain
passenger comfort in descending to FLI2O and slowing to 250 knots to en-
ter the terminal airspace. The resulting , unique deceleration and descent
profiles of each inbound aircraft are characteristic of these kinds of
sectors and contribute greatly to the relatively high overtaking workloads
associated with most low altitude approach sectors .
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Sector 42--Atlanta Center ’s Lanier sector is a high altitude (FL240-
FL3IO) transition sector northeast of AU. It is directl y above and to
the northeast of Sector 41. Nearly all traffic is concentrated on the
following five routes, as shown in Figure B-7: - -

• High volume arrival route from the northeast: crosses PSK,
enters the sector at FL240-FL3I.0, merges vertically at F240,
and descends through to Sector 41 at TOC.

• Combined jetways J186 and J145: form a more northerly ar-
rival route that descends into Sector 41 northeast of TOC
and merges with the high volume, PSK-TOC traffic stream
just inside the Norcross sector.

• AU arrival route over TYS (Knoxville): descends at FL240
into Sector 41 and eventually merges with the PSK-ATL route
at OCR.

• Route J1l8: between Spartanburg and Chattanooga.

• Route J22: carries mostly enroute traffic between the
northeastern and midsouth areas of the United States.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ PSK

J22

TYS

J186-145

\
\
\

CHA • -~~~ a- SPA

— — — Sector 41 boundary

SA -4416-12

FIGURE B-7 PRIMARY ROUTES OF SECTOR 42
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Sector 42 aids the mete ’ring and spacing of aircraft descending into
Atlanta by ensuring that the altitude di f t c  rences of U ight s ~~f l t e’ r i n g
the sector are eliminated so that aircraft can be handed o f f  to Sector ~el
at the same spatial location on each arrival roule’. Altitude merging and
in-trail sequencing on the PSK-L’OC route’, in particular , contribute si g-
nificantly to the overtake conflict processing workload in this sector .
Crossing conflicts occur at the Intersect ion of J186—14’~ with .122 and , to
a limited extent , at the intersect ions of J 118 with .1186—145 and the TIS
arrival route . Ce-’nerallv , the level enroute traffic on J1l8 crosses be-
low the major PSK-TOC transition flow , th~ rebv minimizing potential cross-
ing conflicts. Some’ pre liminary me’rging conf l ict processing is assumed
for Jt~ b-l45 and the PSK- l’OC arriva l routes , although actual intersection
is in Sector 41. Evalua t ion of these operational procedures , using sepa-
rations of  ten nautical tnt le’5 , led to the tTot lowing con f l i c t  relationships :

C ~~ 
(~ 1 ,5 \ l O - ~ N ’

O (5.8 ~ io~~

Sector 43——A tlanta Center ’s Pulaski sector is a high altitude en-
route sector adjacent to Sector 42 in the northeast corner of the Atlanta
Center jurisdictiona l area. Figu re ~-8 shows the tna~ or operational routes 

-
- NK
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FIGURE 8-8 PRIMARY ROUTES IN SECTOR 43
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of the sector , which consist mainly of a series of low volume , highly
scattered flight t racks in which aircraft  are in leve l flight or are
initiating descent’c limb maneuvers. These routes are:

• J22: for leve l, enroute a i rcraf t  and for t r a f f i c  entering

~nd leaving Knoxville.

• PSK-ATL: for aircraft enroute to AFL and flying under FL3IO.

• J53: for e’nroute, level aircraft between SPA and PSK.

• PSK-GSO : for level enroute aircraft.

• PSK-south: for southbound traffic through Pulaski .

• An east-west leve l , enroute track out of CSO .

Several of these routes are aggregations of c losely spaced flight tracks
that do not lie along existing j etways . No route was found to process
more than four aircraft during the hour (s’i of observation. As a result ,
the primary conflict workload entailed the numerous route crossings at
or near the PSK VORTAC and at the several intersections in the western
part of the sector , while overtaking conflicts along the low volume routes
were minimized . The conflict relationships were estimated in part from
traffic statistics prepared for the Crossvillt’ and Hinch Mountain sectors.
Fhev are based on sepirations of ten nautical miles and can be formeilated
as fol lows:

1 -)

C — ( 4 . 6  \ l0-
~~

0 — (0.7 \ l0~~) N~

Sector 44--Atlanta Center ’s Baden-Blue Rid ge sector is a large . wide-
ranging, ultrahigh altitude sector northeas t of AlL and adjacent to Sec-
tor 36 on the east. The major operational routes , shown in Figu re’ B~~ ,
are basically the published jetways: an east -west route through 1UC
and SPA , a route through T1~S and ACS. and an arrival route i n t o  AlL from
PSK on which aircraft descend in to  the lower , adjacent Sector 42. The’
conflict equations for this sector were constructed by comparing its
traffic structure wi th that of Sector t6. The crossing conflict work-
loads were estimated to be similar , while the overtake conflict workload
at Baden-Blue Ridge was estimated to exceed that of Sector lt~ by approxi-
mately the fixed percentage diffe rence in route-miles between the two
sectors. Aircraft performance characteristics were assumed to be the

S
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same for both sectors. Accordingly, the conflict relationships , using
separations of ten nautical miles , are:

C = (4.8 \ l0~~) N~

0 = (1.5 x io—
~) N~

Sector 46--Atlanta Cente r’s Commerce sector is a J.ow altitude (sur-
face to FLIIO) sector underneath Sector 41 to the north and east of AU.
The major published operational routes within Sector 46, depicted in
Figure 8-10 are:

• V463: from TYS to OCR , used by low level , general aviation
aircraft arriving in the ATL area from the north .

• V222: from TOC to OCR for aircraft enroute to the Atlanta
area airports from the northeast,

• V235: from TOC to OCR for Atlanta area arrivals from AHN
and points east.

S
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• An arrival route into the Atlanta TRACON area: from OCR ,
where V463, V222 , and V235 merge.

• V54: for eastbound and westbound traffic ove r HRS.

• V5l-267: between HRS and ARN .

Sector traffic is mostly general aviation aircraft that are enroute to one
of the airports in the Atlanta area through the OCR arrival fix or are
distribu ted more or less uniformly among the remaining Victor Airways and
origin-destination tracks through the area. Some coninercial aircraft
transitionirtg into and out of TYS will use a small portion of sector
airspace via V 267. The major crossing conflict po int is , of course , at
the OCR VORTAC , where a significant amount of merging takes place . A
small overtaking conflict workload will be associated with the All, ar-
rival streams . The expected number or crossing and overtake conflicts ,
at separations of ten nautical miles, can be found from the expressions:

C — (6.6 x l0 ’
~) N~

O — (0.7 x 10—3) N~

S
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Sector 52——At lanta Ce’ntet ‘ s flinch Mountain s e c t o t -  ts a low ~ stt t f~~ci’
to FL2 lO~ , primarily enroute  se’ctor located below S~ ct~~t 17, I’his is

adjacent to the 1 net i anapo Its and Memphis AR t’CC s in an area not- t It o
Chattanooga and west of Knoxv til e ’ , Tenne’ s set ’ • Sec t~

, e t r a f f i c  is ma tnt v
low altitude , gene ra l aviat ton at r c ra f t  (unde r FLIOO ) , some tn ts ’t-nu’eliate
and high altitude general aviat ton at rcra t’t • and a few , regular Iv ~chi’tl —
ultid conmtercial alt- c rat t • The t r af  f t c  is mostly of t he~ t evs ’l • t’utout s’

variety, vi itt some’ gent’ rat avia t ion traffi c ’ transit ton i ng out o t the

smaller at rfietds in the’ area , and S ome’ c emsucrc 1.11 and ~t’nee at aviation
f lights approachttw and depart ing CHA and ‘L’YS . The’ route’ st  m e t  ute ’ in
Sector 52 is not well—defined because’ ~i ~ the’ scat teme ’et o r ig in—des t m a t  ton
characteristics of the’ heavy general av tat ion t raf f l e  through the sect ot
The few identifiabl e p rtinary roti ttt s , shown in Figu ee~ Il—i I , i ne’ 1 udi’:

• A route’ connecting 1INA and l’\S I, J f o r ,‘as thetund and
westbound it’ve’l and t ransitloning tt’at ti e .

• J22 between TYS and CHA: for low , enroute’ general aviation
and traffic transtttonlng at r~S and CHA .

• A route roughly tiara lie I to and south o t~ J ~.n: for 1 eve ’ I

~ tt t~ ute~ traffic be tween Nashvt li t ’ and po in ts  east

- - 
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• J89: for northbound and southbound traffic and transi-
tions at CHA.

The confl ict equations , based on separations of ten nautical miles , are:

C — (5.3 x l0~~)

0 — (4.3 X iO~~ ) N~

The relative ly high crossing conflict coefficient can be attributed to
a large number of single, pairvise interactions at nearly as many
longitude-latitude fixes. Overtaking conflict workload will be high
because of the head-on interaction of aircraft transitioning on the
same route , which occurs on J22 between TYS and CHA , and on the route
south of J46 between BNA and Spartanburg , South Carolina. Secto r con-
trollers are also hampered by “holes” in the radar coverage of some
lower altitude regions in the Hinch Mountain airspace,



__________ - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
,
~~~~~~~~~~~~~~

Appendix C

ROUTINE l~JRKLOAD WEICUT INC SUMMARIES

127



~~~~~~~~~~ 
- ----- - -  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-.

- - ._ __ ,_ a, a. a a
CD I- m U) it)
m ~~‘ ~~‘ C’) 0 C’)

- :  
~~ ~~~~~~~~~~~~~~~~
C ’) C’) ~~~ I t )  ~~ ~~I ~~
.-, ‘— — — %_. ‘— ‘-,

0 ~~‘ 0 Z it) C’) o
-: 0 e- — co in c’~ C’)

~~ ~~ ~~ C’)
CD CD m 0

-4

-~~ s s s  -4 m i n c
-~ u o  In I’- C ’) t’- t- U) ,‘.l
.5 -I -.-’ . . . .
)~ Q 4.1 — ~‘) rD U) C ’) t- 0

is s-’ ~~~ .- • ‘—‘ ‘..‘ —

~~ #~~.4 N CD 0 0 0 ‘C’ CD
u s  C U) (‘.. ~~ ~ 0 ~

C’) I’- N ~~ (‘- N oo . 4 5  ~ 4 ‘~~ —4 N
-4 Q O

Cl) .5 U 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _II —o a

C .r4 —‘ ‘ ‘ ‘  — ‘ ‘  —
~) o +~ 0 C 0 0 0 0  0
C .C el ‘‘ ‘ ‘ ‘

~~ —‘ — ‘ ‘S .,., o.u c’s a m — it, in t-
1 4 . 4  ~~ in U~ N N t- 0

c~ -~ d ~~~~ ~-4 ‘-4 ‘-4 N
I. ~~~~< * 0 0

Z 1 4 1 1  U
C) , a a a a a

‘C’ 0 ‘C’ It)

0 0  .ibC ~“ t’ t” 0) It) ‘C’ N

u~ e’
~ 

Cl) C) ~~~‘ ‘—‘ ‘—‘ ~I ‘—‘ —‘

4j~~~ ~~S ,-4 C ’) ~ 0 In 0)
0) it) CD -4 C’) 0 it)

d
.
~~ ~~~~~~~ 

-I -~ ~ 4 N ~ 4 ‘-4 C’S
0 C 14 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _a — - a a a a, — a,
,4 ~~ 

0 0) 0 0 i n c  0
~~~ 

C’) CD C’) C’) ‘C’ in in
U Z

- e  -

“ ~ 
~~~~~ -4 N -4 C’) 0 ‘C’

“ ‘

S.. — _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

0 C —‘ a a a. a a,-1 0 
~~ (‘. is it) 0 0) ~D
-: C D O U  ,‘~~~~, u ,  C)

— Ct) 0) ‘ 4  N it) in — ‘C C)

m is is it) o to
CD C) It) I- is it) C)

— C ~~ .-4 N i t )  C’) ~~~~~~~~ ‘C’ ‘C8 N N C’) c’s c’s N 0.
o _______________________ H— —  — .-4

a ~-‘~ wo 5 . 4  1~ C) C) C
C) 0 -~~ S C) . 0  .4
5 0 ~ ~J 0 1 1 1 1  5
is 4.’ ~ . C 1 4  1, 0) 0) 5 1 J  uZ C C) 0 .4 0 5

‘-4 0 110. 1, 5 5 5

i1~~~~~ 

!1~~~~~~~~~~~~~~~~~~~~~~~~~~
1

~~~~~~~i~~~~~~~~~~~
~-‘ •~~~ ° ag a 3

‘.4 5 0 ) 1 4  0) 1. 1 4 1 4  Q Q 5
0) ~~~. 1J 0 -~~ ‘~~~~iJ ~~ ,.5 0 )  ~~— —  _ _ _ _ _ _ _ _ _ _

129

- - - - - — —‘ — -~~~~ ~~~-4~I~
-•1~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~

PRICIDJJ~~ P~~I ~~~~~~~

____________________________ - -
‘ 

— ‘-—.5... - 
- - 

.,~~~~~~~~~~~~~~~_



,r 
~~~~ 

- — -‘
— 

‘

~~~~

“

~~ 

._ .~.... -.,p. —? ---“-‘r r . T W 7 ~~- ---~~~~~-~— r ’  ‘—C ‘~‘

14

-~~ to at to a a a in
O c’s U) to C ’) 0 0 C’) ~q C’)
dl U) . , • . . .
ci’) ~~ ‘ N 0 0 — C ’) 0 0 C-

C’,I ‘-~ 1’

at 0 “4’ 0 0 0 e’s U)
to N .—i C ’) 0 0 C’) U) 0

5 ‘C’ . . . • • . .
“4 ,-I C’- 0 0 ~I C’) 0 N “4

- ~~ in ‘C’

0 0 0 it) 0 0 0 0 U)
F-’ in N in C’~ rI 0 0 Cl) N C’)

~~ ~-4 ‘C . . . . • .
C C ’) to 0 0 .4 C ’) 0 C’) 0

‘-4 in ‘C’

-4 *4 it) to to 0 0 0 0 0)
.~~~C .4 10 ‘C’ ‘C’ 0 0 C’) N -C’
1 1 ”.. ‘C’ . . . . .

0 0  -4 i n o  it~ GO
C) _____________________________ ___

4 ) 1  -0 1 4  5 5  C- U) 0 0 0 U) N
‘P4 CC 0) 0 N 0 0 in in
4.) C Cl) • . . .

W E-’ C’i N 0 0 ‘-4 in 0 to 0
in Z C O  Q

— _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _

( )  E-’ O) —
1, C’. to at 0 0 0 to CD

0) O Z  dl N CD in in C’) 0 0 C’) C- to
I—, ~ I — C, . . . . . .
.0 I ~-l .4 N 0 0 C’) C C’) N
a 0 C’s
F-’ 111 .1 14 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _

i-I 4’ —
0) 0 ‘C 0 0 0 -4 ‘C’014 0 CD i-I it) ~~ 0 0 C’) U) C’-

~~ F-’ U C’) . . . . • . .
at U) 0 0 -s 0) 0 i-I 0

I ~ fij 
~~~~ 

In  

_ _

0 . 0 . 0 + ’  . D C  ci
4) ,5 4) 5’ Q -4
5 14 ~4 b d  0.4 5 1 4  1 4 0 1  (C O  -‘4 1 0  ci
C) 4) (4 *4 . 1 1 4 . 4 4)  4)~~ .4 + ‘C ~ 0.4 4’

0 14,1 .1 4’ O I l  14~~-4 (4 4 ) 0 ’  5 0  0
I-’ I-4~~ ~ ,U)  P, ’O ~~~O 0 1 4  ~al 05 ’ F-’

130



~~‘1W 

~~~~~T T Y~~
- - - __ _--— ‘- v —

_ _ _____
~~~

-____’_____ - 
~~
. -- - - —

a a, a a, a a

‘Q — C’) It) 0 0) 50
to In 0 In C’) 50 5)

In -~ U N N it’)
N C’) .1) C”) C’) ‘C’

0 C D N C ’ )
N ‘C’ ‘1’ is 0) .0

-~ 0 it) .4~~~ ~‘C’ It) In is U) it) C’-

a~ a, a, a -a, — a, - —
., —4 50 It) 0 0 N C’)
•~ C J 3  U) C’. C’) is is ‘f’) N
-~~ . 4 . 4  ‘ . ‘ . -

0-” —4 C’) C’ It) in is C
-—4 ,-3 ‘— -‘—— .‘— S. S_ -_~u
~~ 4.1 .4 N to ~‘ 0 0 ‘C’ (0

- ‘  It) I-. ‘C’ ‘s’ ~~-~~ 
~~~~~~ ‘ . . . .

C’) C’) is N — is 11) 0
0 -‘-4 5 —‘ —4 — N
—
.5
1. — ------— -~C
~ 0 0

is- ,- ’
~ 0 4.’ a. — —, , a, a —

14) 5 . 5 t)  0 0 0 0 0 0 0
0. u ‘-‘ ‘-‘ — ‘~ ‘—‘ —

+i a, 1, .4 C’) — C) It) — —I- ’ :2~~~~~~0 5  N ,C~ ‘C’ ~~ ~~ ~~ —1/) 0~~ 4 4-’ ‘ ‘ ‘ - ‘
5 5  0 0 ‘C’ — ‘C’ IC)

CI) 1, ~i 5
~~ * u

1 4 1 4  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

~, Cs - a —, —s . a,

C) ‘., C). CO CD C’- 0 0 sO 0)
.1 0 0  .4 b0 CD is C’) 0 CD N 50

* ~~ It; ~~ ‘ U

-4 04 “ _ ‘
o ‘

~ 14. 
_ _ _ _ _ _ _ _ _ _ _C’ 14. (4 

a, a, ,, _ ,. _, ,

C-)

z -~ ~~ ~~ -~ .- .- -~

— 
~~‘ ‘-‘4 -4 0 N 0) -~~ N

N “4 “‘ “ '  ‘4 ““4

0 11 — ____ _________—___

0 C ._, —
0) C- 1’- l~~ 0 0) (0 ~0

4.’ -~ (0 0 I) F- is It) 51

CD ’1 -~ N it; C’) ,

0) is is It) 0 0) CD
5 -“4 C’ 0 U) N is - C)
- ‘ . . ‘ . ,

0) ‘-4 sN it) ~~ — ‘C’ ‘C
—4 N N C’) N C’) N

144 C’$ — ~ ‘iso 5 ,-4 i-i C) C) C
C) 0 .4 :2 U) 0 ‘-4 ,.,

>‘ 5 0 > 1., 1.. (0
I)) C) .5U

~ Z Cd U) 4J 5 .4 5 0 5
-4 14- 0. 1. 5 5 C S  -‘)
— 051  0 

,
~~ 0 c

I]ft
~~~~ 

;::: 
:~‘~

--

0 g  0 —I. . .4 C
V 51 —I ~4~~~~j (~ C)
0. 4-I .,. ~ .-~ t) (v ., 1. U.) 4.,
C’. . 5 .~ Cd .i ~~~~~~~ 6

0. 1, L 0 I 5 I~ ~j1. 1 4 e  Q Q C
• ~~~5) ~~~ eJ ~~ ~~ ‘( 4.1 .-1 .4*  ~~

________________________ _____________ 4

l i i

L _ _ _ _ _ _ _ _ _ _ _ _



F 
- -  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~

I
CD C ’) to 0 0 C’) 50

1. N if) II’) C’) 0 C”) c’s 0)
0 ~t) . — 4— i-’- - • •
4.’ C’ It) 0 0 0 — 0 0 ‘-4o c’s - C’

— _ _ _ _ _ _ _ _ _ _ _ _ _

0) C’ C’ Q 0 in 0)
.0 CD N 5) C’) C in U’) 50

— C’ ~ . . 4— 9— . . - —
to — ‘C’ o a 0 ‘-4 0 C’- U’) is
S c’s C’)
-.4 ‘I
4-) — 0
.5 ‘4-4

to 0 0 0 0 0 o 0
c”S N C’ c’s 0 C’) C’- U~

0 4 - ’  C’ . • 4- 4-. . , . . 00
in C’ 0 0 0 — 0 in

(0 N in • “ 4

— 0 1 4  _________________________C- C 0 0  — 14

It) c”5 50 0 0 0
.4 if) if) ‘C’ 0 C’) C’- U’)

h~~~ C’ • . . 4- 4- - • 0-
10 0) 0 0 0 — 0 U) 0’5 ‘

C’) ‘4) 4-4
01 

_ _ _ _ _ _ _ _ _ _ _ _  

2.)
-
~~ D I  — ‘C

C’- is 0 0 Ii) at
50 0 C’) 0 C”) C”) 0 ~~~~~

•
~~~ ‘-.‘ C’) 4. . . . ‘C

N ’ 4 )  0 O b  .-‘4 0 CD It)

C’ 1, — —
-~ 4) ‘C C) •

U “4~~~~~ —‘ 1- C’S C’ 0 0 50 ~~ 4)
— 1- CD C’ C”) 0 in C’- If) V’- ~ C)

C) ~~~t 0 C’) . . . 4- 4- . . . , 5
1’ .4 C’ 0 0 0 -‘4 0 in — — C) —

— C’S C ”)

F- ’ ~~* 8 

4 ) 0 4 . )

5) c’s -
~ 0 0 ‘-‘ ~~~‘C 0

in CD .-4 ‘C’ c’s C in U’) CD ~~~ ‘C U
. 4 4. •C ’) 0 0 0 ‘-4 0 —‘ U) 1—’

5 1 ’V >s

r 

—--—

i

— 

-
~~ 

I ’
~ 

4’ 4) 

—

*4 4.’ 1 5 . 5  L- ’4 --~ 
4) 0 0 1  C)

4-, (‘S ~C U )  C) — ‘S,, 5 4 ) 5  5 0 .
0 0 5 0  ~~ bO 4 ) 1 4 0  4-’

01 . 4 . 4Q  S C )  I. C 14 ~~~~~~ 
C)

4) 5 1 . 0  ~~~ b0 ( 4 1 4  4) .4 4) 00 . 4 .4
U) 0 : 2 1 4  I 5  0 01 Cd —

dl & 0 .  $ — ‘  0.0. CC 4-. C) ‘I

.14 1 4 0  4) 0 -.
~~ 5 . 4  5

01 0 0. 0) 0) C ) 0 )  4 i,’.~ 0) (0 4)
(4 0 4) 4) 0 ‘-.. CC 0 : 2  4-’ >
F- 4 ) 1 4  ( 4 , 1 4 ,14 14 4.) 51

0 14 . ’  C’~~~ ~i’ 
4)

4.’ ‘-~, Cl) 1 4 4 ) 0  0 0 5 “-. 0 ‘0
S ‘C C,) 5, . 4  4 —~~~ 4) ~4 C,) 0 4 )  4)
4) * 4 4 )  0 . 0 . 04 ) . 0  e is i-’ ’~’

5’ — s ’ ~~ . 5 . 4 0 . 4 )  14- 0. ~~~~~~ — (0
14 CC ‘~4 b C  0 . 4 5 5  c o O  -~~ I t )  co 5 1 ,  C)

4” (4 -.-’ .-4 4~ *44 . ’  4)~~~ ~~ ~~~~-,, .‘ 0 ’-’ ‘ 1

0 1 1 4  -r +’ 0 ( 4  £ 4 ”  c 5 4 )  0~ 5 0  ~ 
U (A ‘0

C- I-’ ’.~ ~~~ 0.’0 0 0 0 1 4 1 4 0 >  I- ~~~~
+ 4-

132 

- _ _ _ _ _  - -—- ---~~~~~ — - - - -



- 
-‘ -‘ a, a, a, a a
C’ CD N C’) ‘4) 0) is
50 N C- 50 O N  C’)

If) ~~ d .
~~~~~C’S N N C’ N N

~1 ‘
~~ — — — ‘—, —it) C) U) C’ 0 0  C-

0 ‘ ~‘ — Z S IN  0
F- 

~~ ~~~~~~~~C’) C’ U) C- It) ~b C)

44 _____________________________
C 

a, a a — a a, a
“ o o  ‘4’) 0 (4) 50 0 0 —
.5 .4,4 C’) SI C’) 5) 01 C’S U)

~ 
0 0 0 (0 0 0
C’- 50 N 0) 50 C’
C

0 .~~~ “4- 4-
— 0

I 0 C —

I ~ 4)0
U) 0 . 4

0 ~~ ,_, a, a, —- 0 0 0 0 0 0  0
— .- — — — -• — —-~ 

4-”~~~~~ ~~~~ C’ ‘4) 50 ‘4) ‘ C a t  -4

* 
C”) sO 0 0) 00 SO

C’ ~ ~~ C ’ ’ C  -4
- * u ö N

C’) 1. 1, U0 . 4~~~~~~~~- — (4
N “-4~~~ 0.~~
~~~~~M — ~ ö ~~ .4 a — a a a a a,(4 0 0 0 0 0 0  0

~~~~~~~

a a a a a a a

~~‘ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~
•4 ~~~~~~~ ~ ~~~4-’ o o 0 0 0 0  0

• 

~~~ 

J~!!~j~. ~
:

— (0 0 U) 1— I- it) 
0

I- 0 0) - C ’  U) C’~~~~~~~~~ ~ ‘ 
0 . 4 - 4

U — N N C’) N N N

- * 4 0 .

Id .
~ j  ‘ 0 4 )

0 5 .~ 14 01
.4 0 —

‘CC 50 Cd 0 1 . 4 ( 0  U . 4 1 4 0 5  ‘4
-4 0 14~~~ 14 5 ‘0
— 1 4 0 4 ) 0 (4 0

— 
‘~~ U *0 ~ ~-i 

‘4

01 01
. 4 1 4  -.4 01

1. .4 -o (0 C’- 50 — N ID N ~~4) 5 ( 4  C”) N C”) C’ ‘4’ ‘4’ II) 1 4 0
o C) c’ $4
4) ‘0150  )  0.
U) 

~~~~~~~~~~~~~~~~~~~~~ 1. 0.

-4 51 “4
5 5 ( 4

4)0 4) 0 5’ “ 4.’

h - i  14 ~-i -.4 01

4) 4) 0 . ‘4 4) ~. 4) 
. 4 4 . )4.) . 4 . 4  .4 (0 ( 4 . 4  14 4.1

1., 0 1 . 0 1  14 > 0 1  (4
I . ~50 (45 (4 ~4 * 4 5 .44 4 1 4  0. 1. ~‘ C d  ~

• 4J ~~ -~ ~~~~~

133



_ _

1,
0 CD 0 —4 F--
4’ in If) in It) C’)
O it) - SC 4c 4- 4- - . .
4) C’ 0 0 0 0 0 0 0)
U) C’S in

e ~~ 
— 

_______________-

~~~~~

— —
Z .0 0) 0 0 0’)
— (0 is C’) C’s c”-s00 C’ • 41 Sc 4— 4— ‘(4 -4 0 0 0 0 0 0 is 5)

.4 N N
4’ __________________________.5 —- ________________________

.4 04 0 it) 0 0 it)

in is — C’) 0) 0

~~~~~ 
~~- 4. ’ C’ ‘>o ~o ~~~~ c’~(4 N in

_ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -( 4 0  - -—

~U 0 1 4  it) 0 50 C’)
. 4* 4  .-. it) C’) 5) 50

C’ • ‘K SC 4- 4—
it) 0 0 ~ o o C -4’ 0

‘-‘ C o  C”) *
~~~1-4 

~~~~ __________ _ _ _ _ _ _

Cl) —— ____________ ‘ _ _ _ _ _ _  -—

C ’~ 4 ) 1  is 0 10 c’s( 4 5  50 0 C’) C’) C-p 
~ in • SC -~C 4- 4- - ,

~~~~~~~ 4 ’ ( 4  Cs 0 0 0 0 0 0 C’ CD
N C’s

U F-’ ) ~~~ 
- -  ___________________— - — :-‘.

is 5) 0 C’ CD •
‘~-~ ~~~~-) 1. F-- CD C) C’) 0) N ‘is —-. 4) C ”) • -K 41 4— 4— • • • 4) -~-‘ - “ — ‘-4 0 0 0 0 0 0 N U’) E

-~ ~ ~ 4 N N $-. ‘.4
~-‘ ‘-~~~~ ‘ 0 

_ _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _  0 ~ ‘•.s ir, 4., —--- — 
~~

-
~~
— —-- —- 9-I

4) 0 it) C’5 .-‘~ C’) 500 . 5  0 C’) • -K -11 4- 4- • • ‘ 0- .-.
U 5) 0 0 C’ 0 0 0 —4 0

—4 N ~0
C

0 0 -
m 01

S S 00
0 • 0 (4 (4 51 0 ’4-’

-‘-4 -,4 I -4 4’ I ~ (4 4-’ C $..4) -4) I 01 .5 I —4 ‘-‘ .-‘ U ‘4) —4 4)
0. is 4 4 4 ’ -  00 4 ) 0 1  — -~ (4 5 1 5  C) 0, -~~.4 C,) 5 4 )  -“4 0 0 1  44 4) 1 4 0  01

C4~~~ 
‘4 Q ~ ‘4.4

~~-
1-.~ 1 4 0  * i t o  4) ‘-‘ 4’ ‘ 0 ’  U - -

0 0 1 .  4 ) 0 .  ‘0 0 01 CO 0
dl 4) 0 .  I - - i  0 . 0 ,  CC 14 0 1 4 4 )

U) — B U 4 - a )  4 ) 0  4) 0 “-~ (4 -.-, o. C’0 0, ~~~Z 0 01 -4 -4 ‘T~ . 45

-~ V 4 ) 4 )  •‘~ (0 0 0  0 . >
— C) (4 4  .14 .14 4-’ E ‘4I’-. ‘~ ~ C) 4-’ ~~ 0 0 0 C.) 14 1.

F— ‘4) 4 ) 1 4  .~~~0 0 0 (4 * 4 0  -~~1. 0. :2 — ,  —4 .‘4 1 4) .-4 C,)
-‘ -.-4 4’ 0 .0 .0 ~ .0 is (C ‘-I(4 —. ‘.-4 4 ) 0 .  4) -~ 5. . 5 5 1  —
4) (4 “ t C ’  0 .-i C C C  C d J  0 - 1 0  CC ,~5’ 4) (0 .-I -4 1-. *. . 4*  ‘-‘ 2 0 U ’-4 ‘-‘ C-~ ‘—4
14 0 b i-i -’ ~~~ 5 ~~~ 4) 0’ ~~~0 C -,- ‘0F-. F- ’.-~ ~~~~~ ~~~~0 ~~~~~~~ C~~~1. laS ~, >  F-’ —

L. .-
SC 4

0
134 

~~~~~~~~~~~~-—----- ,- - - - -  -~~~~~~ - - -



- ~~~~~~~~~ ‘-
~~~~~~~~~~~~~~~~~~

_ -~~~~~~~~~~ __-v - - --, -~~ - - ~ -~—---.-~~
---‘— -

~~~~~~~~ 

~~~~~~~~ 
__u1

a a a, a a, a a,
CD 50 0 N 0 in ID
01 0) 1’- it) U) .—l C’

- C - 0’ (‘1 C ’ C  .4
(4 ‘-4 c’s c’s N c’s N N
4.) — •~ — ~ 0, — SS —0 It) C’) N CD 0 4 ’1-’- Cl 0 4’ 4’ 5) CD

• 
‘4. C D 0 (~ ~~~~~~~c’s C’) C”) U) C’) It) is

44 ____

C
-4 4 1 ( 4

0 0 a a a a a a,
.5 U) 0 U) 50 0 0  ‘-4

• 44 Q 4 4  C’) 0) N 0) O l i n  U)

“i: >
~~~~ C’) C’ N C -  0)

~~ 44 ,4  ~~‘ ~~ ‘ ‘ — ‘4) —U) o~~ 0 0 0 CD 0 0  c’s
01 C” Z C - 0 )  5 0 ?  0

~ C’s It) 50 5) It) C’ Cl S
.-. 0 0  4
4 U

‘C
~~ 4 ) 0  0

Z a a a a a a a
‘-4 

~ 0 0 0 0 0 0  0
-
~~ — — — —• — ‘4) — 4)

,.~~~a, ~~~ C’ U) SQ 14’) 10 01 .4
N 50 0 0) 50 .-I 50

! ~~~~~~~~~~~~~~~~~4 ;;: ;: I
0 0 0 0 0 0  0 ‘0

4-4 14 ( 1  ‘0U) C ) ’-.’ ~~~0.4 5. (0
Cl) ‘(4 .4 (4.

• r’- (0 Cl. 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

01
• C) U — _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Q Q 4.- a a a, a, a a, a 0
Cl. S N 50 0 C- ‘ C U )  ‘4) .4

44 0 01 0 00 -4 0 10  ID ~— 50 . • . . , - (4C,) 50 4’ (0 0) 01 C’s at CD ID
(4 Z (4 —, ‘—‘ ~ - ‘—4 ‘-‘ .— ‘— Si
I-’ -4 14 ‘~ 0.

F- N ‘ 4  0) 50 U) 50 0’) 0a >~~~ . N 4’ 0 ‘-4 I D . 4  N

-~ (0 ( C s  ( C D  .4
14 ~ 4 ‘4  “ 4  (‘S ‘-4 N

14 — ‘ CI,
0 (0

0 0 a a a a a, — a, 01 ‘4
2 ‘4 4” 0 U) C- U) C- 0 4) ‘0

‘~0 0 I f l in ( 0 5 0  C’)
0 0  ~~~~~~sØ It) . 5 1 4 ’_
% ‘~I ‘-“ .4 ‘-4) ‘-4 -4 .4 .-4 4.) ‘4 -

~-~~ ~ — 54) — — — (4 (4
2 CI 0 U) C- l O i s  0 4~~~~ )

14 CD 0 It) C”) CD ~~ C’) 0
50 0 CD It’) O N  It)

— —  — ‘-4 — —  —

~~ 4) —
(4 .4 4) ‘0 ( 4 4 )  4(4 ‘-4 1. 01 4) 5 51 0 0

C) 0 .4 (4 01 . 0  ‘-4 (4
0 1 0 5’ 4 J 0  1 4 1 4  CC

(4 4’ 0 1 . 5 1 4 14 C) 4) . 54 )  u ( 4 0 1
Id 4~~~~~~~u ‘4 u s  -“ —

~~~~~~~~~~~~ ~~~~~~~~~~~~~ 

_ _ _ _

0 >1 4 , 4  ~ ,4 0 51 01
4, 44 0 4 )  0 4 -4 4) 1. 0) ~~ “

4.4 4’ ’.-I 4) Cd is..~ 4. 44 *4 4.1

5’, 5 1 . 0 11. 5’ > 0 1  (4 :2 ,~~
4-’ ~~~~ ~~~a g, 

~~ 

-

~~~~~~ ~~ 
‘01 ‘~~• 

— — ~~~~ ~~ ‘~~ ‘C ’  ~~~~~

135 

- --—--— --



— - -~ -.---‘--- -.-.- --.—.--.-.-. ——--..— ‘-~~~~—-—- ——- ‘- -.— ~~.--~~—- ~~~~~~~~~~ —

Table C-8

SUMMARY OF R CONTROLLER ROUTINE WORKLOAD WE1GHTINCS
FOR SYSTEM 6A-- 10O7~ DATA LINK AVIONICS

R Controller Routine Workload Weighting, by Sector
(man —sec/aircraft )

Event/Task Description
36 37 38 41 42 46 52

Total AIG communications 8.69 10.00 6.55 15.37 10.65 12.87 15.30

Traffi c struc turing—— 0* 0* 0* ~ * 0*
flight strip processing

Pilot request——flight 0* 0* 0* 0* 0* 0* 0*
strip processing

Pointout acceptance—— 0 39 ~ 0 0 15 0 0
data block suppression -

line 
0

j-

Dsta block forcing! t
removal 0

Equipment adJustment 0. 30 0. 30 0. 30 0, 30 0. 30 0, 30 0. 30

One—half total direct 1.35 2.90 4.35 4.98 2.90 7.20 9.51
voice communication

Subtotal 10,34 13.59 11.20 20.65 14.00 20.37 25,11

Traffic structuring
message cognizance

Altitude instruction 3,12 4.44 3.57 4,41 5,85 3,24 3.00

Heading instruction 1.50 1.95 3,93 2.46 0.90 0.51 1.35

Speed Instruction 0 0 0 3.00 0.75 0 0

Frequency change
instruction 2.00 2.00 2.00 2.00 2.00 2.00 2.00

Subtotal 6.62 8. 39 9. 50 11.87 9. 50 5. 75 6.35 - 

-

Total 16.96 21.98 20. 70 32 ,52 23. 50 26. 12 31,46

Flight strip processing is not performed.
tlndicated event is performed automatically.
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