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VAL ATIO o ADVANCED S aCED 
IN THE "W YOK TERMINAL EA 

In 1988, the Federal Aviati n A inL tratiOl (l'AA) stab ished lh Ificr wave 
Landing System (MLS) rogram fHee and 'nitialed a erie of proj 'C s d sig d to 
demonstrate t e perational, nvironmental and one ic benefi Ls or th ML­
Th se projects ar' cheduled Lo b Jeted by II end f 1991. h r ~ull$ of alJ 
these efforts will provide the FAA, Congps and ind try with the dala ess ry to 
ev luate the future role of the ML 'i t"te NaLional Airspace cyslem ( ~-). The 
results of the first simulatio conclucte under th project i 1 ( "Evaluati n . .f 
Complex MLS Procedures in fulti-Airport Environm nts" r· prcosented ii this 
report. This initial _xperiment in olve L" u~ rdia (LGA)I Jl hn F K nn::.c'l OFK), 
and Newark (EWR) airporL in the ew York Terrn·nal COl tTOl r 

BACKGR U D 

During visual meteorological COl ditIon (YMe), air traffi 
efficiency using traffic . OW5 which minimize delays) Hying lime, ois " and alo 
optimize airport capacity. net e e con itions, air affi" conLroJlers ill [c,dar 
vector aircraft toward an airport "to randorn dire'..: 'io:1 until the pil l - "es h_ 
airport and other aire ft. The c ntrol er t it structs t le pi at to follow J 

particular aircraft an provid his OWl s acing f r I" n ·ng. n w alh'l" 
conditio r high traf ic olume d not permil such traffic flows, tl'le 'IiI" IT nlC 

contr 1 (AT~) sys e today de n - s more on fildar sur' illane In r'w ridt' 
eparation "ervice and n, vigation assist nee 0 ,he piloL y assig ing Jllit ldcs, 

speeds and h adings to irCTa t, Ih air traffi 11 r 11 r can provi ~ - p r~ bon 
between aircraft and can guic c aircraft to a a i alian Lr or Oul', such LIS lh i (lJ 
approach cour e. This of en creates longer, 1 ss e ficicnt Digillpa hs an ma.' r 5uIL 
in delays to both arrival' a de art res. 

The primary reci io Ian lng aid lsed t day for th final appr ae 1 OUr'iE is lh· 
Instrument Landin S stem (1 ). An II... generate two narrow, . traigl Hill b < ms 
which provide a pa h f an i raft to fall \v b t lat raIl' anl v rtic•.11y \·..,116'11 

approaching a runway. Because of the arrow be I s n raight-line f~at ]'(:5 f 
the ILS, airc aft are equ nc for landin T in long ines on th. inal j) )proach. 
Spacing between aircr ft mus be pr v' d t 1rotecL again. \-vake lurbule c' 
pc trations and to allow for departures. TLS rest-ric ions are no a m.ajor concern 
for low tra fie vol 'le 'solalec airp rt!', b t for clo 1 space irporLs, ro, sing 0: 
straight-in ILS finals oft -D pr eludes sep raho! b altitu e, I th e" nfigllrati n5, 
the airports becom depend n " using .ays anl d crcasin capFlci [y. The 
geogra hical relations 0 the fo r • jor air rts in Lh N Yl rk c r 15 

illustr oed in Figure 1. 
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The MLS/ which has been designated to be the international standard precision 
landing system of the future/ has a versatility which can overcome many of the 
limitations inherent in the ILS. The MLS produces up to ±60° of azimuth guidance 
and at least 15° of elevation guidance as compared to the narrow width of the 
localizer and single fixed glidepath of the ILS. These features allow instrument 
procedures with curves and descents/ under precision navigation/ which are not 
possible with the ILS. Consequently/ in many terminal areas/ conflicting flightpaths 
can be eliminated. These new procedures will require changes in the ATe system 
and must be proven feasible and acceptable. Pilots of all categories of aircraft must 
be shown the advantages and benefits of procedures based on the MLS/ and air traffic 
controllers must learn how to manage air traffic through the use of MLS procedures. 
Considerable time will elapse before a large number of aircraft are equipped with the 
appropriate avionics to fly curved or other advanced MLS instrument procedures. 
Simulations are therefore the only current way to test and evaluate cockpit 
procedures for flying the MLS/ to develop con troller techniques for bettN 
management of air traffic using the MLS/ and to show the advantages and benefits 
of the MLS. 

OBIE
 

The primary objectives of this project are to: 

•	 Evaluate the potential advantages and benefits of advanced MLS proced Llfes 
for aircraft operations in complex terminal control areas. 

•	 Identify the operational impact on workload and performance for both flight 
crews and air traffic controllers. 

•	 Evaluate current MLS air traffic control procedures and radar displa IS and 
provide a basis for the development of new ones if needed. 

•	 Quantify economic benefits of MLS at each airport simulated and provide a 
basis for future MLS cost benefits analyses. 

DESCRIPTION OF THE SIMULATION FACILITIES 

Aircraft - These experiments were cond ucted in the ational Aeronautics and Space 
Administration (NASA) Ames Research Center Man-Vehicle Systems Research 
Facility (MVSRF) located at Moffett Field/ California. The MVSRF consisls of two 
aircraft simulators and an air traffic control simulation faciE ty. One aircraft 
simulator and the air traffic control facility were used in these studies. The aircraft 
simulator was a Singer-Link Boeing 727 (B-727) advanced-technology simulator 
with a 6-degrees-of-freedom motion system and a Singer-Link-Miles Image II thr e­
channet four-window/ dusk-night visual system. This device is qualified under 
FAR Part 121, Appendix H/ as a Phase 11 simulator. An MLS simulation module has 
been added to the B-727 to provide the full capability to fly any advanced procedur s. 
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This module includes a ground system, angle receiver, and Precision Distance 
Measuring Equipment (DME/P) module, as well as an MLS/ Area Navigation 
(RNAV) Control Display Unit (COU) for each pilot. 

The cockpit layout was kept as conventional as possible, but did contain several 
modifications felt to be necessary to fly advanced procedures, The two MLS/RNAV 
CDU's were installed in the center console on either side of the weather radar. 
These units were designed to provide a rudimentary MLS/RNAV approach 
capability for the older generation transport aircraft where lack of instrumentation 
space dictates a compact design, The minimum functional requirements were th> 
ability to tune an MLS channel, select a straight-in reference or curved approach 
path, and automatically or manually select a back azimuth reference, Th flight 
director system consisted of a conventional Attitude Director Indicator (ADI) and a 
Horizontal Situation Indicator (HSI). The HSI had two digital DME readouts; on. 
gave straight-line distance and the other gave along-track distance to the DME/P 
transponder. It also had Course and Heading Select functions that can be remotely 
or manually driven, A third feature on this HSI was an alert light that illuminates 
10 seconds before the next waypoint along the MLS path. Also, the TO/FROM 
pointers were driven by the MLS information and pointed toward the front or back 
azimuth station. Finally, with MLS selected/ the Radio Magnetic Indicator (RMI) 
needle pointed to the azimuth station. These modifications were made to 
accommodate the MLS/RNAV capability in the aircraft. A more detailed 
description of the MLS capability in the B-727 simulator is found in Appendix A 
This includes a functional description of the MLS/RNAV CDU, 

Air Traffic Control Laboratory - The MVSRF Air Traffic Control Simulator (ATCS) 
consists of a host computer/ four computer workstations with 19" all color rasler 
type monitors used for controller displays, and four full color graphics t rminals 
used for control of the aircraft targets by the pseudo-pilots. The controller di pays 
have virtually limitless capabilities for drawing symbols and lines for simulating 
radar displays and developing and evaluating new concepts. The color capability 
was not used during the tests in order to replicate current controller displa . The 
computer generated aircraft targets, flown by the pseudo-pilots through keyboard 
entries/ perform with the same characteristics as the aircraft they represent. Aircraft 
with MLS advanced-procedure capability are identified to the controller by the letter 
M following the aircraft call sign in the data block (e.g., TWA114_M), Targets ar 
terminated upon landing. The full system can handle over 100 aircraft op rations 
per hour. Various atmospheric conditions can also be simulated, For these tests, 
wind velocity and direction profiles as a function of altitude were provided by each 
facility and programmed into the computer. Appendix B contains a more detailed 
description of the Air Traffic Control Simulator including pictures of the final 
controller's display for each airport. 

MLS Ground Installations - All MLS ground installations were considered 
representative of the actual future sites, Elevation stations were adjusted for site 
elevation for threshold crossing heights of 50 - 53 feet. All azimuth stations 
configured to approach or back azimuth/ depending upon thE> runway direction 
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selected. Som azimut I tta 1 1 Ute's s,can angl ~ wer rotated in either direction to 
accommodate optimum pro "edureevelopment. D E/ 's were collocated with the 
azimuth sl lions. able 1 contain alit of the MLS around installations used 
incl ding th hann 1 numbe and h g on tric 10 ations. i ~ ur .5 2 - 4 contain 
illustration of t ru way youts f r AI JFK and EWR irports with the 
location' of the M in "Lal ations id ntified. 

TaM 1. S round Ill. talla . on at LGA, JFK an.d EWR 

Runway 

L 
L 

A im th 
XUO y(m 

-540 -221 
-84 7 0 
-6189 
-9641 0 
-78 -350 
-8348 0 

739 -300 
-618 0 

a 

0 

HAl; 
X(ft) y(W 

40 0 
285 221 

1810 
3305 
4406 
31 2 
125l 

801 

RotaHo 

0° 
300 Clockwise 

0 

0° 
00 

0° 
10° ~lockwise 

00 lJ 

(1)	 - AD an I.e ··1 arc dual i stilllation, meaning the approach and hackcour 
azi ih fun lions ar revers d. 

2) EWR11 and E R29 ilT' u· [ in5lallil 'on, meaning th approach and backCL U '_C 

azi uth fu etion are rev r. d.
 
3) ore·sit th bac ourse azim\ th " . )U Id be rotated] 0° clock wise
 

,SCRlPTIO 

en	 ral - for each air ort evaluated, a proj ct team \vas formed with on-site FAA, 
5 an contract r s aff, ontr ]] rs a d AT procedures p cialists from the area 

being simulated, a Termi al Instrun ent Procedures (TEl P ) s e ialist, governnl nt 
an i du try . 0 5, elit I os analyst and r presenlati e from the MLS 
I1 dustry Ta k Force. The proj ct team exam.in d all h potlm 'al LS ground sites, 
develop d proc dur s (ta eo' I a.pproach and miss€ approach) and selected the best 
on S 0 be ahl ted. Th 'n ct 0 roc d r 0 urroun ing airports end 
local communities "vas also closely examine . Approach and . parture plat,s were 

ev oped for us y pH ts. Each r c iUT a g' en a five letter name to be u ed 
as an identiHer such as NIMMS ( igure 5) or P·TE C igure 6). A complete set of the 
proc drnes evalualed is faun in Figures 5 - 15. 

lee this analysis was m.p te; th ' S ground sHes were programmed into the 
vigation A'd databas I th proce ures wer tered into the MLS/RNA V 

computer an the 'ontro11 r video i pI ys were ere te ' A list of aircraft was 
developed based n a lwo-ho 1r peaL' p riod selecte from the Official Airline Guide 
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(GAG). The GAG represents the idealized landing times at the airport. Ani val 
times over the final feeder fixes were computed. The aircraft list was divided into 
"pools" of aircraft at each feeder fix with individual aircraft programm d to appear 
automatically on the controller display based on the estimated feeder fix arrival 
times and at the altitudes and airspeeds experienced in current operations. The 
feeder fix was selected based on the aircraft origination city. A minimum of 10 miles 
spacing between aircraft was provided over each feeder fix. This same pool of 
aircraft was used for all scenarios at anyone airport. For evaluating the various 
MIS equipage ratios, it was assumed that an entire airline fleet would be equipped. 
For example, for the low equipage ratio at LGA, two small airlines were assumed to 
be equipped. For larger equipage ratios, mor airlines were assumed to be equipped. 

At this point in the simulation development, several airline pilots were given the 
opportunity to fly all the procedures in the simulator and provide comm nts on 
their flyability and operational acceptability. Final changes to the procedures were 
then made. The original intent of the program was to have the B-727 simulator, 
flown by local airJin flight crews familiar with the airport being simulated, 
integrated into the ATe simulation along with the computer generated targets 
during the final tests. Due to computer interface problems between the B-727 and 
the ATe simulator, this was not done during the New York area simulations. 

C 'ntroller Training - Prior to the final test, the facility controllers selected for the 
experiments were provided a package of training material which included 
descriptions of the procedures and information on terminology and controller 
display formats to be used. Hands-on training with the equipment was provided 
during the first day of the simulation until the controllers were comfortable with 
the equipment and the procedures. 

Data Collection - For the B-727 aircraft, 55 continuous measures and 17 discrete 
events were sampled at 1 Hz sampling rate during all evaluation flights. In the air 
traffic simulator, 11 continuous measures were recorded every four seconds for each 
pseudo-aircraft when the aircraft was active. A video recording was made of the 
final approach controller's display for later analysis. In addition, subjective 
comments were obtained from each pilot and controller. 

General - The LaGuardia study involved two weeks of simulation time. In the first 
week, six airline pilots from three major carriers that operate in and out of 
LaGuardia airport flew the procedures in the B-727 simulator. The objective of these 
flights was to evaluate the flyability of all the procedures before the controllers were 
in the simulation. During the first week, pilot comments were recorded and 
changes to the procedures were made as necessary. Many anomalies in the 
MLS/ .R.7\JAV avionics were encountered and documented for later correction. 
Further pilot participation was limited until computer problems were rectified. 

5
 



During the second wee of t stin 7 , controllers fr n the ew ark facility w:re used. 
Very heavy traffic volume were si ulated for hese te ts, The referred mode of 
operation was to run an ATe scenario for 1.5 t 2.0 hours. his represents a. typical 
controller ift time at a position, Four controller positions were simulated - two 
feeder co trollers, one final approach controller and a departure controller. One 
feeder controller handl d all traffic from the north and east while the other f der 
controller han led the south and est t a fie. Both feed r controllers handed t leir 
traffic off to the final controller. The g ogr .phical relationship of the various fceder 
fix s is illustrated in Figure D-1a. l~o, a tr .fie coordinator wa used to d-tcr line 
when aircraft had to be held a d subsequently released at the feeder fix. part1". . S 

were simu ated since they had a si ifi ant impact on th number of operations that 
could be handled. A pool of departure a'rcraft vvas developed based on thl::_ OA ,. A 
list of aircraft and their earli -t availab e deparlur _ time (n ea 'ured fron the tart of 
the simulation un) was pro oded to the departure controller. The c ntroller We'" 
only allow to I ar an air rait for ta eo f if the simulation time was 'qu to or 
greater than the departure time on the lis and if there was a takeoff gap avail ble in 
the arrival stream. The list of arrival a departure aircraft is found in Appendix C. 

MLS Ground nstallation - ML gr und in tallations were simulated on both 
runways 13/31 a11d 4/22. The run ay 13 a' uth station had to be offset to the side 
and placed hort of the end of the runway du to installation problems at the actual 
site. The runway 4, 22, and 31 azimuth stations had to be rotatel to provide 
neces ary coverage for the procedures. Installation details are found in ~'able 1. 

;Procedures - The ATC . i ulation analysis of LGA cone ntrated on th runways 13 
an 1 operations. Two M S appro" pree _dures to each. runway were evaluated. 
WILe LG goes to a runw y 13 operation, epartures out of EWR and arrivals into 

EB arecverely impacted as the h vy lLS arrival str am of traffi passes direct y 
over the TEB airport. Under such tr Hi' conditions at GA, ·WR departures to the 
northeast and TEB are essentially shut down. Traffic into LGA must b . periodically 
stopped for gaps of up to 20 minutes to accommodate unrestricted operatio s at the 
other two airports. This procedure was simulated during some of the rUI1W y 13 
evaluations. A curved MLS approach from the north (Fig re 5) and onc from the 
south (Figure 6) alo the river wer u 'ed for runway 13 to evaluate the reduction 
or the elimin tion of th reslTiction" OIl. EWP and TEB. Both approaches w r 
designed u i g present TE P criteria whi h allow' minimum straight fin I 
segment for Category C and aircraft of 3.4 "Ii. "or the runway 31 sc nar'os, 
curved M,LS approach from the east (Figur 7) and an MLS approach em l1a ing the 
runway 31 Expressway Visual approach (Figure 8) ere used, 

One other procedure was evaluat by the pilots but not the controllers. This 
procedure was a pr ci ion departure off runway 13 usin' the MLS to provide lat ral 
guidance around a turn to th orth. .his essentially replica ted a non-preci ion 
procedure used today to keep departing aircraft out of JFK airspace when JFK is 
landing on runway 22. The procedure is shown in Fig re 9. 
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Scenarios - Table 2 lists the airport, date and run number, runway configurations 
evaluat d, tl approxi a LS equipage ratios used, any special conditions tested 
and the dur hon of ach test for all scenarios. The length of the runs varied slightly 
as did th, number of aircraft actually handl d. The primary emphasis was on the 
runway 13 ope ation (land 13, depart 13) with and without consideration for TEB 
anc EWP 0 erations. 0 allow TEB arrivals and EWR departures, a 20 minute gap 
was rovid 0 er B on some of th ~ runs in which there were no aircraft allowed 
in t, e airspace. sp ciHc aircraft w selected to be the last one over TEE before the 
20 mi, ute time eriod st rted. Th,e traffic coordinator reviewerl the traffic and held 
airpl nes a h f cler fixes to dear the system of traffic so that the gap could occur. 

e then r ea edirplanes fr m holding at the proper time to allow airpl ne to re­
nter the T ~B ai s ce fte 20 minute, Any MT~S aircraft that entered th ~ system 

could ontinue wit ut in er. uption tither of tho ML paths since lhey did not 
interfere . rith B ai space. The weather conditions wre considered to be IFR but 
no ow enough hat departing aircraft had 0 hold clear of the critical area. The 
prim y pose e aluating this operation was to determine if the curved paths 
into LGA w lId I' duce I" elimi ate restrictions on the other airports and, if so, at 
what Ie e of =>quipage uld that occur. Also, the question of whether a controller 
could antral aWc 0 two converging :MLS paths into one final segment without 
any addilional controller aids would be addre ·sed. 

The ther see arios involv d runway 31 operations (land 31/depart 4). The ILS 
ase in as umed a ciling greater than 600 ft. such that all aircraft could use the 

locali~ r a. proa t runway 31. MLS equipage ratios evaluated were 75% (two 
runs) and 1OO~. One of the 75% TS scenarios assumed a ceiling of grea ter than 600 
ft. which. aHov<led all non-MLS equi ped aircraft to use either the expressway visual 
or th locahz r-only a roach. T other 75% scenario assumed a ceiling of less 
than 600 ft. so all he on-MLS eq i ped aircraft had to use the ILS approach to 
runwa 

J 
4. All ML quipp l aircraft could use an path in all scenarios. The 

pri ary in ere it these scen ios was to determine if the curren t VFR 
opera ion co Id be dup icated under IFR conditions with the addition of the MLS 
pre ision ap rna hes. 

Discuss'on of Results - The firs scenario e aluated was the 100% ILS operation to 
r nway 1 . This represented the current operation and served as a baseline for 
com. a ison ith the the cenari s. This 'cenario was done twice, with and 
without a 20 1 i ute a in the operation for B arrivals and WR departures 
(T ble 2, #1 & 2). e final controller workload w s very high due to the heavy 
traffic volu e and the air pa e restrictions. 

The ne t our seen rios evaluat d involved the same runway with two MLS paths 
adde and with M 5 equi ag ratios of 10%, 0%, 75% and 100% Crable 2, #3,4,6,&7). 
A ba ic r is sed was that any MLS equipped aircraft could also fly an ILS 
procedur bu ILS-only equipped ai craft could not fly :MLS procedures. A 20 o.l.inute 
gap for E13 was provided during all four runs. One additional scenario was 
co pleted hat examined the 50% luipa e ratio without a 20 minute gap for TEB 
and EWR (Tabl #, ).I 
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1'<1 b he 2. List of Scenarios for LGA, JfK & EWH Airports 

oo 

No. Airport Date RUll Active Rlillways 
1 LGA 4/09/90 1 ILS BID lJ 

f-'~- _.._-~~~.~ f-'~-~-'-""--'-' _.. ,~ .. ~ .. ~ --~_.." _-_ -_ - ,~~ ~.._~.~ _~ _._~ --­

2 l.GA 4/09/90 2 US BID 13 (wI 20 min. TEB hold)--­ --_.". _.. ., -'~'...._. 
3 LGA 4/13/90 2 ILS 13 &; MLS HID 13 (wi 20 min. TEB hold) 

t4~ ---LGA---'- .._.... ·4'/13'/9·0....···.. --_..··1--~_· rls"13"&;-Mis UfO 13 (;"/ 20 .~~ TE'B']'~Id)--
...-.·.N.~ ... ~_~_,~._ ...., __~..,..__._.~ c"~~--.-..,.... -"..._,,_~_ .. -"-~"'" 

5 LGA 4/11/90 2 ILS 13 & MLS BID 13 
~ --­ ~ -..... 
6 LGA 4/11190 1 JLS 13 & MLS 13/0 13 (wI 20 min. TEB hold)1---7....-II'----·LGA·..~ -vio/9"o"''''-- -'--'1.-1_ ..­ 1-'~"'''~'''''--''''''''''-'-'-'MLS13iD'~i3-----'-'''-''''~' 

8 LGA 4/11/90 3 ILS 3110 ()4- --,,-~~.~- -_ _­ ."-- , --_ -~-~_... .~_ _ .._._.---~ 

9 LGA 4112/9'0 3 ILS 04 &MLS 31JD 04 
........ .. £ .... r 

10 LGA 4112/90 2 lLS 31 &MLS 31lD 04 
.•••.-.~ ........,.........._.......... " .•~ .• _...-v..... .,~""",.,,<. ...,..-.­ ""'",o;,.­..-.::............~...__._"''''''"''''o::.... 

11 LGA 4112190 1 MLS 3VD 04 

Target Elapsed 
Percent MLS Run Time 

100% ILS 2:08 
.. _--_ _ ~ ~_._-~ _-_ _ ~ 

100% lLS 2:19 
.~- ---­

10% l'vfl.S 1:57
50% MLS _..._.... ---"'1:57 _..... _­

.. ~.-- •.._._.". ....._. 
50% l\,fLS 2:01 

.,.__..'.­
75% MLS 2:01 

..·_~-iOO%·Ml'S·~ ..--·..~·i;~--' 

100% ILS 1:52r------.-,..--~-,~ -. .._­
75?'~ MLS 1:52 
75% MLS 1:59 

_ -;;:-oc~ ""'~ 

lOOo/e MLS 1:53 

12 JFK 5/0'1/90 2 ILS 13L 
~._.._~_ _.~ -.~ _~.~ .._-_._~ " ,.. ._-_.._-~-

I 13 JFK 5107190 3 lLS 13L & 1\fLS 13R 
14 JFK 5/10/90 1 lLS 13L & MLS 13R 

...... __• • ••• _-""""""'--...~... "'".,_...... • -'S:"~. _ --..,.......-••- •.­ •• 

15 . _.....J!!.._ ...._ 5/08.190 _3... MLS 13L & 13~ (2 y:.thS r 2 o:i. stag~erL __ 
16 JFK 5/10/90 2 MLS 131. &: 13R (repeal) 

_...~? JFK......_... 5/tll~_~_........... ~~__ 1-. MLS 13L &:...MJ.l.:JJ,..~~REroc., .. indep.:.. opel'ati~ 
18 JFK 5/11/90 3 MLS 13L (single MLS proc.) 

100% rLS 1:53 
-~ ._. -_ _~ ~

_' 25%:MLS 1;49 
50% MLS 1:49 

.---..­ ...~-,-~.•__ 

~,__lOO!~, MLS 1:36 
l00V~ MLS 1:30 

.......__.._!.~% ML~~, .... 1:27 .~..~._~ .. 
100% MLS 1:41 

, 

I~_.!!.... ,,_ JFK §.t~.~.~.~_O~.r"..~.._l__.. __~,,, ... ~~_ ..,,_ US 22L & ~~~ ~_".,,_...~...._...... 
20 _ JFK 5/09/90 2 US ill & 22IVMLS laR 
21 JFK 5/09/90 3 ItS 221 &: 22R1l\4LS 13R 
~-I--'~~'" ---­ «'i!" •••- ..-.;•.••_•• «-u...... * . @< ...;..­..o:!lo ••~.-'" 

22 JFK 5/10/90 3 MLS 22L&:13R 

. 100% lL~ __._.. ~;.~~. ._ 
25% f\fi.S 1:31 
50% MLS 1:31 

.... ~-"'-... 

100% MLS 1:27 
II 

I~~ ! :~e-f,~- ~_t-·-----iiS·:~5~Sll .­
25 EWR 5{1519 0 1 US 4R IMLS 11 
16 . EWlr~ ~ 51l5/90 ---z-­ .._..._-" l\.fLS 4lUMLS 11 ----.... 

_·-225~%~ ~;~~ --_.~ 
50 % MLS 1:45 

100% MLs ... 1:33 

27 I IlWR I 5/15/9-0­ I 3 • ILS 22L I 100% IlS I 1:47 
28 EWR 5116190 1 ILS 22tIMLS 11. . • - ~_._._-- -_.-­ 1­ __.. -_..~.' .._~_ _ , 

29 EWR 5116/90 2 ILS 22LIMLS 11 
30 EWR 5117/90 1 MLS 12I1MLS 11 _ ..... "­_ .._"......o<_..~~.........~-_...._...... r----.---­ --.....------.......--.------..... 
31 EWR 5117/90 2 MLS 22L1l\fLS 11 (heavy vol.) 

25% MLS 1:43 _ ..' ~ -_.-.~_.~ 

50% MLS 1:46 
1.007~ MLS 1:44 ........__. '-'--~~ 

100% MLS 1:20 



A statistica summary and a gr,aphical depiction of the simulation results for each 
scenario at a 1 three airports is found in Appendix D. The data con ins average 
flight times and average flight distanc s from each feeder fix. his data is computed 
from the time the aircraft enters the system until it reaches a decision height of 200 
ft. above the ground. In addition, a number called 'weighted average" is given. 
This is sim ly the average fligi time or flight distance across all aircraft in the 
scenario. ,he minimum flight time and distance flown by an aircraft from each 
feeder fix is also provided. Differ nces between average flight times and minimum 
flight times from each feeder fix are an indication of traffic congestion. The average 
holding times at the feeder fix for only the aircraft that were actually held and the 
number of aircraft that were held (in parentheses) is also given. Arrival rates are 
shown based on the total number of aircraft that landed during the scenario divided 
by the time between the first landing and the la t one. Til graphics portion 
contains an overvi w of the flight paths of all the ai craft in the scenario as well as a 
bar chart depiction of when e h aircr ft entered the airspace, how long it was in a 
"holding" mode, and the Ie gth of each flight. Table 3 sumnlarizes some of the data 
from all scenarios, 

For the 100% 'S versus the 100% MLS scpnarios (without a 20 minute hold for 
TEB), the average flight time savings was 7.07 minutes per MLS equipped aircraft. 
During th se two scenarios, the number of aircraft that had. to be hdd \vas very 
small. The average flight time does not include holding times. There are several 
reasons for the decreas in flight times as the percentage of MLS equipped aircraft 
increased. One, MLS aircraft were more often able to fly an optimum approach from 
the north or the so th which hortened their flight time. Second, this in turn 
reduced the "so-cal1ed" ILS tr I bone effect ( igure D-1a) for those aircraft which 
could only fly an ILS approach. hird, at the 100% MLS equipage level, the 
trom.bone effect of IL is completely gone and even though the volume of tr £fie 
caused the control1ers to use only one MlS path, there is still a savings in flight time 
and distance using the MLS. The arrival rate per hour increased from 29.6 using ILS 
to 31,7 with 100% MLS. Many variables such as faster aircraft speeds throughout the 
flight time, controller techniq es in handling the aircraft, shorter flight distances, 
etc. could account for the in. eased arrival raie, Because of th se variables, the 
increase can not be definitively explained 

The flexibility that the MLS offers in the design of flight paths that can $11 ~'li1nLitllly 

reduce interference with oth r airports is very appai<ent in the runway 13 operation 
to LGA. In the 100% ILS scenario with the 20 minute gap provi ed for TEB and 
EWR, the average holding tille for 1, aircraft which had to be held v.;as 16.09 
minutes per aircraft. As the percel ta e of MLS equipped aircraft increased, the 
average holding time steadily decreased until, fo the 100% MLS equipped scenario, 
holding was almost eliminated. For t 50% equ'page case, even though 15 aircraft 
had to be held for an average holding time of 12,76 minut s per held aircraft, there 
was a minimal effect on the arrival rate at the airport. The air traffic controllers 
were instructed that any M S equi ped aircraf could proce d di ectly to ither of the 
MLS paths and bypass any aircraft in hIding patterns. his effect of MLS equipage 
ratio on the landing rate at the airport is graphi aUy displayed in Figure 16. 
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Table 3. Statistical Summary of All The Simulalion Run 

>-'­

o 

Active I'ercent Av. Flight Av. Flight Av. Holding Arrivals 
J'\ o. Airport Oate Run Runway MLS Ti.me/min.} Dist. INMll Time (min.) Per Hour 

1 LGA 1/09/90 1 fL513tP 13 0 24.15 79.63 5.29 lJ) 29.6 _.~..._....._.­ _............................... -_..._. ........._..~ __•.._........ u-..oL...,_._................................. _ ........._-.-.. ... ...-... .................._,............_ .-..._.............. f-o--.---.­ _...-.__..,.. --..-"'-~ ._-_. 
2 LGA 4/09/90 2 ILS 13fD 13 (wI 20 min. TEB hold) 0 21.23 73.86 16.09 (34) 27.5 

~. 

lis 13 & MLS HID 13"(~;;-20 min, TEB holtO 
._.• -­

3 LeA 4113/90 2 12.1 18.88 67.86 16.47 (22) 26.3 .__.........~.~._ ...........--_....... ~-... .................._..­ _. ....---~ . ~_._-- _._-.---_ ..~r---"--' 
4 LGA 4113/90 1 ILS 13 & !\1LS 13m 13 (wI 20 min. TEB hold) 32.4 18.17 63.35 12.76 (15) 31.5

'.­
~ LGA 4111/90 2 ILS 13 & MLS BID 13 32.8 18.93 66.49 0 30.9J , 

,~ -­ _.~. .........-­................... ,. •. __A 

-~~ 

6 LGA 4/11/90 1 ILS 13 & MLS UfO 13 (w/.20 min. TEB hold) 74.6 17.22 60.94 12.65 (3) 31.9,..._.­ --_._.- ._-~_........ , ..- -_. ................._...-.....~~ ..-..__...__..,..._......_-~ ...~._ ..~~_.~ ........~. '---' --_..._~.~ ~..._._--_...­ .._._.~ .....­
7 LGA 4/10/90 1 MLS BID 13 100.0 17.08 59.65 4.94 (2) 31.7 

8 LGA 4/11/90 3 ItS 311D 04 0 20.89 74.67 5.51 (2) 30.1-_..... '''''--''.''-;-0­
_.._-_._. ......-- .. _~ 

I--...._.__..__.~.._---_..-----_.«,,_.. __...... .,...-­....................... -..--.-... n_.-...__............ ....~--- .......... ~ ..­ .....~........--
9 LGA 4112/90 3 ItS 04 &Ml.S 31/0 04 73.0 16.37 61.14 0 31..6 

10 LeA 4/12190 2 ILS 31 &MLS 31/0 04 75.0 17.78 63.70 0 30.5 
-~ .. ­ -_.._. 

--~ ...""' ........ '-"­ -...---..",..~... - ,.._.........__....~ 
..........__.. .-.'.-................~ .' 

11 LGA 4/12190 1 MLS311D 04 100.0 1':7044 62.92 0 32.3 

1Z .J!.K 5/07/90 2 ILS 1.3L 0 29.50 101.13 ,20.41 (26) 33.7
1--' .......... ---"-"Ii:S'""13L,& MLS 13R 

..._.~ .•... ~..... --­13 JF.K 5/07/90 3 28.7 27.92 95.41 12.27 (25) 39.8_. -.­ ~.. 
14 JFK 5110/90 1 ILS 13L & MLS 13R 54.0 26.83 93.48 7.84 (5) 4,1.9 I 

......­ r----' ..~. . ._-._-­
15 JFK 5/08/90 3 MLS 13L & 13R (2 paths) 100.0 26.01 90.83 0 42.0 

16 JfK 5/10/90 2 MlS 13L & 13R (\'Cpeilt) 100.0 25.35 89.93 0 46.4 
~_. 

_. -­
17 JFK 5/11/90 1 ML5 13L & ~~.~ U13R £roe.) 100.0 19.65 78.43 0 53.5 

JFI< ....... r-"'--~- -~~.......... ... ...-._..- _._. 
---_.~- -' 18 5111/90 3 MLS 13L (~jngLe MLS proe.) 100.0 26.57 89.02 11.43 (35) 37.8 

19 JFK 5/09/90 1 ItS 22L&22R 0 18.88 
:~:~~ -­

10.69 (9) 49.5_.-iH<.... .........~ ~ ...­ ..~- ~-~., '-......_­
20 5/09/90 2 fLS 22L & 22R1MLS lSR 30.5 16.06 0 52.6 .. 

U.S 22L & 22R!M:LS 13R21 ~...J!!<~ 5/09/90 3 55.4 15.23 , 57.28 0 56.9 
1--"­ -_.........­.......---............... t-'-----­ ........"'........~ ..._..._. ;-.------_..­ W¥'O'.-.._...-_.............. ,........-.. . ... ...-....... 

22 JFK 5/10/90 3 MLS22L&13R 100.0 15.00 59.44 0 55.3 

23 EWR 5/14/90 1 ILS4R 0 17.11 59.49 0 38.3 ..--~.- .• .....­ . 
24 EWR 5114/90 2 ItS 4R IMLS 11 25.7 13.47 50.86 0 37.4 

-~-_. ,
25 EWR 5/15/90 1 ILS 4R fMLS 11 50.7 14.06 51.49 0 39.2,---. 1--"-­ '" .. . ~.. 

26 EWR 5/15/90 2 MLS 4R/MLS 11 100.0 12.60 50.49 0 41.7 

27 EWR 5/15/90 3 lLS liL 0 17.86 67.56 0 36.9-­28 EWR 5/16/90 1 ILS 21L1MLS 11 24.2 17.30 65.06 0 37.6 
f--- -EWR 

... ._-~ --.. _­ --....--............... -
29 5/16/90 2 U.S 22lJMLS 11 49.3 16.58 63.45 0 36.2 

30 EWR 5/17/90 1 MLS 22LfMLS 11 100.0 15.94 57.81 0 38.9 
1---- _." ...._... ....._.......•.._-'....._-~..~...~_._._ ...... .....--.-._.............---­ ._.. _-.......- ---.._-_.­~._•• ""'.•••••.H ......... 

-'---'~' 
I-.__.~._..­

31 EWR 5/17/90 2 MLS 22UMLS 11 (heavy vo!.l I 100.0 17.35 60.16 0 45.0 



he sccon ~eries of scenarios involved runways 1 a d 4. T e T nd E R 
op rations w r _ nol affe~ted b J these prace" ures. For the 100% ILS ersus the 1 0% 
M S scenarios (Table 2, 8 & 11), the aver ge flight time savi ,_. W 5 3.45 1inutcs 
p r equipped aircra . Durin tl e e two scenarios, twa aircraft wer held in h n 

100% ILS case an n aircr ft weI el in the M S run. There ar se er'l reasons 
for th ere in flig l times s the perc ntage of M 5 equipped a'r r It increased. 
One, the MLS allow a pree'sion approach equi ale t to the pr' 'ent xpr ssway 
Vi u Ap r ach (ALLB Figure ) to be implemented. This greatly reduced theI 

Ii ht t'I es f r aircraft mil fro th· s uth fer fixes. IJaving thc ALLBE 
pro e ur availble for a.ircraft c min r >n th south and the I p' 0 d ure 
(Figur 3) r th no -t airraH again allowe M S aircra ft to fly tl ...~ 0 'I 11 um 
approach when tr Hie volume per itted. As they did durino lhe rUfnvay 13 
c ios, i ontra Ie s shift d t a one ML p th op ra ion when Lb tr.::tHic 

volume ecame a y. S nd, a in the rum\,ra ' 1 P rations, the trombo e f d 
for the Soper bons w s agai11 reduceL. It 510uld be noted that l e 1 LLB·,I 

pr ced re dil n t meet resent T _RPS c iteria, however, since i ulated a fR 
ap TO c used today, it rov d to eas'ly f yabl '. The r ivaI rate per hour 
in rased from 30.1 si gILt 32.3 with 100% MLS. This increa wa Tll1..sistcn 
with the res It d onstr ~d during the runwa 13 operations. 

For the 7 % M e ipage nar'o which used runway 31 f r:rv 5 airc fL and 
runway 4 for ILS du to the I) ceiling Tabl 2, #9), the avcrag 'ght tim savin~"'~ 

com ared to' the 100% ILS c s . was .52 minutes er aircraft. This re res nt a -light 
incre se over the 100 0 ML f ur 5 3. ), but this was due to the avai ability o· two 
fun ays f r t is 5 nario. In most cases, controller have more fl .xibi ily nei can 
provide bett r rice wh,en more han one Iandint; runway is av it blc. With two 

< n ing runways a vaila Ie, the can relle could oft". provid th optin 1I pJ.lh l 

an airc aft. 

n g n ral, tIe' nll' 11 r wo ld giv an MLS equipped aircraft lne close~ MLS, ath 
fro tllc f eder fix lo h r I We. y thus educing the flig t time as much as rD. ib e. 
For example, an treraft oming frolll. the north g ing 0 r nway 13 WOll be giv n 
t e NIMM appr <Ie. 'rcraft fr th 'south ou d b given the P T .... Z a proach. 
As Ion'" as lh traffic volume was not too heavy, the con troll . - e abl to use 
their jUt gment as we.1 a the istance mark 1'5 on their displa . to judge I'IfO er 
S acin 0·. final fr m differ 5 paths nd to merge th LS aircraf wit i t 1_ 

IL affic. At ti· s the tr Hie volum would reach level l t f r eel J1­
controllers to ke II tl MLS t affic to on pa h or air raft were giv n an U"S 
appr E1ch. his en d to pena ize some of le ML aircraf as they could not 
adv tage f he 0 timum fIi ht P t t t e runway. his sequencing and spacing 
pro 1 m s'lould e 0 cream with training c future C automati n syste s. 

Overall, th COlltf llers ere able l handl the tr [fie on al of t lese sc>narios qui e 
comfortably. The on en s f 0 inio among the con roller was ha it w s 
light y easier t vector ain.:raf to LS a hs than ILS paths. Th ase of m rging 

aire c It from differ n ire tim s to n MLS p th as the same a to aILS palh. 
The number 0 ommuni at" 0 s etwe n the controllers and pseudo ilots Wt S 
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reduced during MLS scenarios by an average of 35%. The workload shifted from 
vectoring to more concentration on earlier sequencing and spacing. The controllers 
felt that the spacing and speed control had to be weil established farther out when 
using LS. This was because they did not have the flexibility to do S-turns for 
spacing as they presently do with the S due to the shorter straight length segments 
of the MIS paths. 

General - The ]FK study involved one k of simulation time. Flying was d ne to 
verify the flyability of the proposed ML procedures. Four controller positions were 
simulated - three feeder conl:r llers and a final approach contro er. A traffic 
coordinator position was also used. De arture aircraft were not simulated since JFK 
tends to operate with either a heavy flow of only arrivals or departures. With two 
sets of parallel runways, depar res can be accommodated without generally 
inl(~rrupting arrivals. The list of arrival and departure aircraft is found in Appendix 
C. 

During normal operation at JFK, one sector controller i entified as the LENDY 
sector hands off traffic from t e orth t feeder fix toecond sector contr ller 
identified as the ERICK sector. The ERI K sector contrall r merges the Northwest 
traffic with the east traffic and hands them off to the third s etor controller called the 
CAMRN sector who must then sequence that traffic with Hmltiple feeders from the 
south before handing ff to t fin controller. Th eographical relat" onship of 
the various feeder fixes is illustrated in Figure D-12a. When runways 22 Left (22L) 
and 22 Right (22R) and 13 Ri ht (13R) re a being used by landing traffic, the final 
controller handled the runwc y 22 arrivals and the CAMI controller handled the 
runway 13R MLS traffic. 

M Gr nd lfist.lla io - M ground installations were simulated on both 
runway 13L and 13R. he runway 13L azimuth station had to be offset to th ide by 
350 ft. and installed short of the end of the runway due to interf rence problems 
with the 22 runways. Installation details are found in Table 1. 

Procedures - The primar concentr tion was on the LS procedures to runway BR 
ince ther 's no ILS h r tod y. Two pproach s were developed; one was similar 

to the present Canarsie appro. ell. (Figure 10), and the other involved a right turn to 
a 3.4 m i straight final segment (Figur 11). third ML procedure was developed 
to runway 13L ( igure 12) whi h had appropriate lateral and vertical eparation 
from the runway 13R S procedures. 

Scenar'os - Specific in ·ormation on aU the scenarios evaluated is found in Table 2. 
The baseline sc narios con istcd f 100o/i IL to runway 13L and 100% ILS to 
runways 22L & P. Simult neou~ approaches ir volving an LS approach to runway 
3L and two NILS approaches to runway 13 ere then simulated u ing several 

different eqtipage ratios. Three 100% ML see arias to runway 13 were evaluated. 
The first one used both runways, all thre M approa ]u::~, and the controllers used 
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2 nmi sta gered spacing berwe n air Taft on tll arr' al paLh . TI e e nd in v L 

11e MLS p th to each r nw y an ass med a parall runway In nitor ontroller 
was ailable thus allowin a side- - ide 0 erations. The l ir in 'olved only the 
ML ap' oach to runway 13L to evaluate the one runw y opera ion with an 
wilhout The basic reason 0 amine lh se scenarios as t evalu le t} c 
ability of the controller to handle tw stT a s of tr, f ic "vit 'arions mi/ s o' ~ 5 
quipped aircraft and determine the resultant iner a e in arrive 1 ale. 

"With an MLS . stalled, r nway 1l3R c uld Iso be used for overflow l.rarfi~: Wh'l 

n nways 4 or 22 a ing t d. This w s i 1.11 •.,. t II com ul.r, and 
s aJIe je s using runway 13I{. arger aircraft OJ rut way LR r uire cordi alill 

wi h the traffic on tu wa ys.ttL r 22R Cd s)f tr. ot ntial m.issed appr) (h 
on lict. Three differe t equipag ratios were 'val tal d. The is' e being 1nin -d 

wa h ability of th ntroUers t ivert Ml-S aircra t t runwa.y 13R nd'n egra1.e 
that traffic wit dle opere tions l run ays 4 or 22. 

isc !> i n of Re, ul t - .h first scenario eva uate as the 100% ILS opera f 01 l 
runway 13L which serve as the bas H e for the variou rum,v y 1 c nfi urali ns 
(Table 2, 1f1 2). Th raHie v lume was v ry heavy n 2 air raf had to c held at 
averag of 20.41 min te~ er h ld ir ·af. (l the 00% MLS c S , usin:J on MLS 
approa 1 to t le an e runway, 35 aircraft were eld an av rage of 1 .43 mix ules PPI 

h ld aircr (Ta Ie 2, #18). Overall, the average fig' t fme vings for the M S 
air raft amOtmted to almost min p r air aft and the arriv 1 r t i cr . d 
from 33.7 to 37.8 a· ra per hour. he most logic 1 explanaron for th in rcas- in 
arrival rate for the 11LS enario is that 't j- prim rBy due 0 lhe tra'nin - . d 
experience the contro le.r ain d during the week of simulatiOl" he 100% I S run 
was th first at run f the week and t,e 100% MLS rUll wa the lasl. The nigh 
track nd bar charts f r the two runs show a more r erl)' and ~moolh p -ra tion 
for the S ce ario. The contra rs all .ndi ate t ey ec m more pro iell t 
with the simulation system and the various proc UPS" 5 th week pm r' S~l . 

The remainder of the runway 13 'cenarios all involv I a t 0 Ul\\.va op .>r;. lion. 
For the s en i 5 i volving a mix of !MLS trd ie, an M S I'l' in~t lied m 
runway 13R and two paths wer d v ped. 0 ly commuL r aircraft w re aUowed 
to use the 5 approach ("'igur 10) be use of t e h rt final length. The 1.. rge 
majority of ML ' airc aft 115 d the S p: roach (Figure 11). 25(7< an :5 % 
equipage ratio w re valuat d (T )Je 2, 13 & 14). Ev though runw y 13 
13' at J K are ore th n 6000 ft. apart, th re is n p raUel runway nonit r 
control er u ed; conseq tentl , t controll s ad 0 use st ard 2 n li staggere:l 
spa in b t e the tw runway 0 rations. For the 2""% see ario, almost Lhe ame 
. umber 0 aircraft were held as for tJ e 11, - nly ase, but the aver g . holding ti nc 
decrease from 20.41 in. to 12.27 min. pc' aircraft I eld. The average flight 'mE' 
sav d amou t-d to 1.58 mir ute per aircraft. As was exp _cted, th an'val r l" 

increase' to 39.8 ircraft r hour with the ac ition of tl c " on runway. T lC task 
o mainta" ing the 2 nmi sta g red pacing was not to difficult since there w 'r ~ 

relatively few MLS aircraft i he sce rio. or th 50% equipage see erio, the lask 
of mainta'ning the 2 nmi spacing on final was more ifficul and req ir ~Jme 

le rning by h controllers duri 19 the r n .. The num er of aircraft held l.,va r·'( uC(~d 
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down to 5 air raft rith an averag holding i e of 7.84 min. er he aircraft. he 
average flight time sc v i ere' slightl f 0 2.67 in. per air ft and t1 a r'v I 
rate improved to 41.9 aircraft per hOlT. The reduc-ion in the number of <fro"aft th l 
had to be held and the in Tease in a rival rat er due primarily t( having Hough 
aircraft availc; Ie to use th MLS r 7ay. TI e control! 'rs devc:-loped a t chniqu€ 0 

forming two paraH 1 tr am of traffic with lhe out ide strea bein h. TL traffi 
to runway 13L . n the insid strea ade up f the MI S a'Teraft t either of th 
two approach to runw y 13R. The two streams v re also sep rated by llitude so 
that the aircraft ould era s ch other safely while being eto! d . l' the f 1 
stre. for the orrect ra way. 

The first of the 100% MLS narios involv boLh runw y 13L & 13R and Lhrcc 
M' S approac e". on roners were ins ed to use nmi staggered sp()cing as th re 
was no parall I runway onito controll r avai Ie. The final controllaf hand] 
both nmw·ays. The HrsL time tl '. seen. r'o was valu ted, no aircraft ha La be 1eld, 
the average flight 'me sa d was .49 min. per ircraft, and he rrival ale as 4'J 
aircraft per hour (Ta)1 2, #15). hi n f'O wa" r peat d evcral ays 1 t r l 
determine what e feet the i creased level a' experience in onln llin LS ?lirCl'J[t 
would have on the results. he -econ time re~ uJled in al incr-'c se in verage 
flight til aving to 4.15 min. per' 'rcraft an n iner- se in arrival rat~ l 6.4­
aircraft per hour (Table 2, #16). Again, no ai raft I a t be hel . 

The second of the 1 % M s enarios usin both ru ays invol only one LS 
approach to each runway; i." OIT (-i. ur" 12) 0 runway 13L d OK S to 
runway 13R. How v _ , it was assumed that parallel runway mani or ontroll [ 
was available '0 that independent op ralions caul b c ducted (Table 2, #17). 
Significant improvements in e age Hig t t'me savings and arrival rate were 
demon !:'rated. verage flight ti e saVings increas d to 9.85 min. " airc a.ft and 
the arrival rate jump d 53, air r f per our. The co tr ller's ta k was 
simplified by not havi g to w rry abou he 2 n i staggcre spacing on fin 1. 

The next seri fee lu tioD i vah cd ILS traFi 0 ru wa s 22 with ML 
traffic (lirnited 0 commut rs and small j ts) gain lo fUl way 1 R he ~WO% IT-
baseline a lo 22 & 22R re~ ult in 9 air r ft being hdd for an verage of O. 9 
min. per held airer ft ( a 1 2,:# 9). he arriv rate ra' 49.5 ircraft pe ur. In 
comparison, the 100O/C MIS scenario u in ly runw ys 22' 13R resulted in no 
holdingl an avera e flight time savi gs of 3.88 min. pe ircratt, nd an c fTi a1 [ate 
of 55. aircraft per ho r (Table 2, #22). Two additiOl I r ns w r e\ alu le using 
25% and 50% eq ipag ratios Table 2, #20 21). The average ight time,~ v d nd 
the arrival rates both incr .a~ed as th quipage ratio in reased. n fact, the 0% run 
resulted in th i hest a ri a] r te f all th JFK scent riow a 56, aircraft per hour. 

.EWARK S 

Ge eral - The WR study also invo e one v ek f simu1a tic. A inirnal 
amoun' of 8-727 simu ator fly' g wa d ne befor the t sting started sin e he 
procedures were im Ie and did not re uir m pilo valua 'n. As with th 
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other studi s, four controller positions were simulated. Depending on the traffic 
flow, either on;-' f two controllers perated ~ s the final approach controller. Ag in, 
a traffic coordinator position was use . Departure aircraft were not simulated ince 
departures can be a co modated "vith ut generally interrupting arrivals using the 
paraH I ru ways a WR. The list . arri 1 and departure aircraft is found in 
AppendiX C. 

The norma! operation at EWR for runway 4 operations had the sector controller 
i entified a' the UG sector a ing ff traffic from the east to the sector 
controller ide ti 'e as the S FF ector. T e S F controller merged the east 
tram ith that fro l1€ nort and we t and ha cied them off to the final 
cont oller. A t iTd ector ontroller i enhfi d as the METRO controller merged the 
south and Southwest traffic and handed the off to the final controller as well. 
When r nway 22 a. b j used, the SHA Fetor controller became the final 
controner. e prev.'ous i clan roller h ndled all MLS traffic landing on runway 
11. The geo rap iea relatio ship of all th _Fe· der fixes is illustrated in Figure D-23 

round nstaHation - MLS ground jns' l1ations were simulat d on runways 
22 nd I. Th runway 21, ilstall tion a very conv ntionat but the azimuth 
station on runway 11 a t be 0 et 00 ft. and rotated lockwise 10° Installation 
details are fund in T bl 1. 

.:..:...=:.=.==...::::= - The emphasis at W as on M S operations to runway 11 while 
on al tTaffic . to rn ways 4R r 22 . Presently, runway 11 has no 

instrum nt an ing syst .' wo ML a proaL es were designed for this runway. 
One approach ca e from t11E' north with a left rn to final (Figure 13) an the other 
came fro the ut wit a ri ht turn ( igure li~). Both had 3.0 nmi fin straight 
segm nts a d were re. tricted to commuters and general aviation air raft. These 
approach:es er- als d 'ig d to a oi n01 e sensitive areas that are very close to 
the appl: a ~h end of runway . A third 1 a proach was developed for runway 
22L (Figrne 15) n ad a fin" I gment of 5,9 nmi. 

See arios - T b 2 lists the runway configurations evaluated, the LS equipage 
ratio, used, any spe ia ondifons tested, and h UTation of each test. The baseline 
seen rio· ons·.sted of 100% lLS to runwa 4R and 100% ILS to runway 22L. F r the 
runway 4R & 11 operations, 25%, 50% and 00% equipage ratios were 
evaluated. L~ rge MLS ai craft use thp ILS to 4R during these scenarios. For the 
r I ways 22L & 11 M S 0 erations, the -ame equipage ratios were e 'aluated 

owever, for runway 22L, the I ge ML ' eqUipped aircraft had an MlS pa th 
available. Th pr'n i alobj ctiv of all the EWr operations was to valu tc how to 
coordinate the traffic flow into two perpendi ul runways. 

Di 'cussio of Re ults - The first scenario evalu ted was the 100% ILS operation to 
runway 4R wI ich serve as the baseline for the various runway 4 configurations 
(Table 2, #23). . e traffic volume as handled uite comfortably by the controllers 
and no aircraft had t e hI. T e ov raIl arriv 1 rate as 38.3 aircraft per hour. 
For the 10 % MLS case using runways 4R and II, the' verage flight time savings 
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was 4.51 min. per aircraft and the arrival rate increased to 41.7 aircraft per hour 
(Table 2, #26). Again, no aircraft were held. To evaluate the IT ix of ILS nd MLS 
traffic, the 25% and 50% equipage ratios were used ( able 2, #24 & 25). The 25 Yo case 
was an interesting run. While an improvement in a erage fl"ght time was fo md, 
the arrival rate decreased slightly. During this ru I, it took th conlTollers som time 
to work out the most efficient way to use runway 11 for the ML' aircraft. The 
addition of runway 11 required two final approach co tr n rs. Als , he c ntrollers 
had to develop a strategy for integrating two approach paths to the same runway. 
i1:aving gained experience during the 25% cenario, th controllers were able to 
handle the 50% scenario traffic more effici t and S oOlhly with a r' 'ultant 
increase in arrival rate. This can be graphically een by co paring Figure D-24a with 
Figure D-25a. No holding was required for any aircraft in th se s narios. 

The last series of scenarios started with the 100% JI..5 to runw y 22L a the baseline 
(Table 2, #27). The results of this run were v ry siilar to the 100% I S to runway 
4R as the controllers encountered no problems an deli ered an arrival rate of 36.9 
aircraft per hour with no holding. For the 100% MLS ca e, which added runway 11 
for the small MLS equipped aircraft, the averag flight time sav was 1.92 min. per 
aircraft and the arrival rate im roved to 38.9 aircraft per hour Table 2, #30). The 
results for the 25% and 50% sc narios fell between the 100% ILS and the 100% MLS 
runs (Table 2, #28 & 29). 

One additional 100% MLS scenario was added to the runways 22L & 11 evaluation. 
At the completion of th c eduled runs, the controllers indicated that they never 
really reached a maximum traffic condition . le f ct that th y never had to hold 
any aircraft during any runs supported this com n t. Con~equ ntly, additional 
traffic were added to the arrival list and the run was re eG ted to determine the effect 
of very heavy traffic volume (Table 2, #31). The ave ag flight time saved for this 
run was negligible, but the arrival rate jumped to 45 air raft per hour and still no 
aircraft were held. 

GENERAL
 

In addition to specific findings at the individual airports evaluated, there were some 
observations made that could pertain to any facility or proc dure a they were more 
generic in nature. These observations can be divided into either air lYaffic control or 
flight issues. 

One of the primary objectives of this study was to evaluate current MLS air traffic 
control procedures and. radar displays and to provide a basis for the development of 
new ones if needed. The controllers indicated th t the intercept a. gles that are 
presently used to capture an ILS path are also adequate for capturing the MLS paths. 
Intercept angles greater than 30° may be less acceptable for capturing M15 paths than 
ILS paths as the initial straight segm nts of a curved M .s procedure may be too 
short to allow for significant overshoots and recapture rnaneuve 5 prior to reaching 
the curved portions of the procedure. Both the controllers and the pilots indicated 
that it was very important to deliver the aircraft to the first segment of the MLS 
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proced e a near to th initial aypoin' as pos'ib e 0 11 su e a lean captllrt~ of the 
path. The sh rter the overall path' nd the d ser the inili 1 waypoi t is to the 
cover g limiLs f he MT , the m re importa:nt lh iui ial aptllre com s. Once 
an aircrafl enter h MLS coy rage v lum lhere is r it peri of fll' r· qULredI 

for the si:l' 1 acquisition and a i tion and fo' t.he filters 'n the Ml / AV 
system t s abiHz. One 1.l1is take' pI ce, th pilot n follow the guid nce 
inform tio and ca ture III path. For proc ur vhere i lHlal Wo y oint is 
close to the coverage limi nd t.he aircraft nters the MLS valu at a st p 
in terce t ngle and high spee , all f tIllS t kes pIa e uick y <. nd e hance a 
oversho t is high if the _) troller hasn'l position d the aircraft, CCll[ tely. 

A sec nd factor of onsider, ble im}: ortance is spe d Cl nlr 1. F r 1 ~ P ·oc dur ':), 
controlle.r of, n av the i:'lircrafl maintai e.. reI ively high speed pll the W.1Y t 11'" 
out r . ad r, a ",hieh time lh ~y m st qUickly ecclerat ane r onfigur he 
aircraft apt f"' the Jlidc. pe. This t- "hniqu' \.\las He. cceptab ~ [ MLS 
prace ures. Pr vious st dies hav ind· cc t d hat the fi approa h fix hould be 
loeat d b fore the ast turn to final vith ~hort slraight s gm ~nt. b rwecn h final 
approach 'ix and he tar f the lurn, Pilot di at hke 1<lving to decelerate, 
reconfig r r Capltlf the gUd(~siope and lurn all in a relativ ly shor time. Their 
suggestio as thaL t-h airc:ra t shoul . a co. e as po sible to he fin!)l app oach 
spe lor to reaching the final approac1 L. Controllers w~re ask d to ccncentrate 
on spe ntral and sp ing a uch as possible, This did not (V to be a 
prob m for the controllers. \\'ith the reductio in ommuni ations, as result of 
les vectoring in t ~LS operafons, lhey h;1. mar time to devote to spe d control. 

Possi ly th rna t diffi It task the controll fS en ountC'pc! uring MLS p rations 
was int grating the 1 S straight-in t aUic with the MLS c rv "laths. This ty ically 
required he controner to 1 r ah d a onsiJerable istance in or r to rn rge the 
two ~t ams tra fi oget er on the inal stra'ght s gmcnt WIt 1 P 'operpacing, 

he only id he conlr ller h"d for judging disLa . along the curved MLS }h til 
we e he thr mile dot. plac along he pa 1 from t _ tine j )ld. TIl tan rd 
range rings coul i be 5 d f0 the IT.. traf ie, W'h n Lhe ML ~ quip ") ratio w,s 
either v·ry ow or very high, lhe task w s somewt e. t easi r. F r a m'x ircraft in 
the 5 YcJ q l age r nge" Lhe onLroll ~. ometimes put a I airO" t lhe n 5 "lalh so 
t at ih y were d :>aling with only ;1 'ingle tr am I t affi . 

In eneral, t e term' 01 gy us by the rontroll rs for handling M S air raft \vas in 
com Hance wit 1 AA Air ra ic ~ ntrol H, ndbo k 7110.65F. h prine'pal 
diff ren e w s in he use f the nam. f the Ml 5 approach when gi ing h 
clearance to the air raft. 'he present proe ures do 110l ad r 55 . e u; _ of an 
identifier other han the Tn lW y umb r. The ntroll r were mf r it I Ising 
the name of the appro c as w 11 a t.he runway Ul ber; e.g., MT. n v y B 
NlM-MS C1pproac . Howe er, tll conlroller's StJbj ctiv- comments 'ndic- led that 
the issue of termOn ] gy 511 liM be a lre~sed 'urthcr. 

Many Ol1'tm nts were receiv d r m Lhe pi oL5 r gardi g the am unt and type of 
informatiQn in the approach plates. Th first ct of 1<1 es or h L im ula lion 
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did not have waypoin umbers 'dentifyi g a h waypoint. The pilots inimediately 
expressed is leas re; conseqmmtly, numbers w re add . For all three studies, the 
numb·ing e. ellce Ised h d the initial N'aypoint a No, 1 with the numbers 
increasi g u til reachin t e way oint oca d at t .e runway threshold. Some 
pilots indicat d pref ren e f r th(; w }rpoint located at th runway threshold to 
always be i e tified as wayp inL No.1 and he mb r~ i crea ing as you move 
ba k along the pro dr. this wa, t e pilot always n ws how many waypoint5 
ar aining in t e pr ced lr . Fu UT -tud'c will use this numbering scquenc 
Also, the LGA a roach p a e 1<, d 1 titude, longitu ,altitude (radar and MSL) and 
along tra k ista c . the dat bla k for ach w ypoin. All pilots indicated that the 
lati tude and ongitu .nfonnati n was meaningless to th m and it was 
subsequently re ave. hey also want t 1 aypo'n id~nt' fied as the precision 
final approach L (P AF) to 1 beled and 'n bol letter as a cminder of where the 
gli eslope c ptur b gan. 

One v y impo ant issue rais by the pi ots w"s the qu stion of situation 
awareness. When maneuvering in he tenni a] area prior to entering MiS 
coverage/ some of th pilots' ld' te t iat heir overall ituation awareness was not 
adequate. yen tho o-h op rating in th r aT vectoring environment, competent 
flight crews . refer to ai .lain a trong se f situ tion awareness. A suggestion 
was made to ti t initial waypoint f the MLS procedure to ither a tandard 
Term 'nal Arri al Route ('TAR) or a lead i dial f ill som V R to provide the 
n .ces ary situati aWe r ne 5 inform bon. 1 was done on as many procedures 
as possible and solve the probl 

Overall, th pilots ai that all the L~' procedures that were flown were 
op rationallyac e ta I to he . Sp ed l 01 w s deemed to be very important in 
that the t i craft hould be in in conHguratio prior to the Precision Final 
Approi:lc fix so that he peed won' b. h )"'ng uri g th tumin)" portion of the 
proced reo Th re was uni rersal agreement that the roc dures wer much easier to 
fly th n originally antidpate 

s 

Analys's of the data fro the, i ulatlons has ben completed, Results indicate: 

1, The curve it pr a he to:r n ra ~ 13 at L..... relieve the r strictions which are 
placed on EWR a d T B when LG must I nd n r way 13. 

2. When comparing 10 % MLS to 100% ILS equipage b mdits for all three 
airports, the foUowing data "fa mea ured: 

• Reduction in a erage ig t ti 11 fro f eder fixe to touchdown ranged from 
2 to 7 minutes per aircaft h ldin tim not included), 

• Under certain cand'tions average holding times as high as 20 minutes per 
ai craft held were liminate . 
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• Increases in maximum rrival rate. of 2 to aircraft per h _ur for a single 
runway op ation vere emonstrated. Many variabl 'S such· s fc ter ircraft peeds 
throughout the £Ii ht time, controUer techniques in ha lin the airc-af , shorter 
flight distances~ tc. could account for the i creased arrival rate_ 

• Increases i maximum arrival rates f 3 0 20 aircraft pe - hour for a two 
runway operatio compar a ingl I' ay operation were demonstrated. 

3- All airlin pilots that lew the sim lat r 'ndicated that the 0 dlln~s, in 
general, were operationally acc ptable and easier t fly than initially a ticipated. 
Speed control was considered to uit irnportanl. Th air r- ft should be in final 
configuration prior to the Fin,;,} A pro ch Fix,s at the ( won't be c angin r 

during the turning portion f t e pr c dure. Prop r j nt rc pt anbles to th initial 
portion of the ML rocedure w s 1 0 considered im t lftant. 

4. Controllers fell that MLS approach and pa.rture pr ce UTes as u ~ed In the 
simulations could improve operations at al t r air arts. 

5. Ou ing all thre- simulations, rn parison of COl toller / pilo t 
communications sho s an average reduction of 30 - 3 % when Dying MLS 
approaches a compar d to 100% U.s approa es. 

6. Some benefits er r alized by all airc aft the cenari when the MT,5 
equipage ratio was as low as 0%. 
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APPENDIX A
 

DESCRIPTION OF THE MLS CAPABIL Y r THE B-727 SIMULATOR 

In this section, a scriphon of the 1vfL ca abHi ti s i orporat~d in to the AS 
A e R eard e ter's B-727 simulato is provi e. Th ML is n 'IN y d 
sp:>cific lly aimed t ward th current and subsequent A MLS research efforts. 
Oe of th ma.j. r thrust of th FA. r cr h is in va uatin th _opere ti I I 
aspecls f the M S i [ 1 mission -nvironments that reflect realistic ML ~ usage. 
This main thesis diclated the development of the sirn al:.iOl capability Lo the extent 
tha ~ a realistic perational appearance is maintaineu abov and beyond t e 
fune ion ] Hdeli y. Th si ul tio as be I constructed to r flec apt lial 
r trofit to transport ircraft in the near future. 

Basicall , th LS simulation consi ts of these four major elemen s: 

(c). Ground System, Angle Receiver and DMEI P Interrogator; 
(b). MLS/ -AV Al od'h 
(c). MLS/ AV ontro Oispl y n' (COU ~ and 
(d). Tnterf ce with E isting B-727 AviOl i s. 

TO nd Sy tern, Angle . eceiv rand DME/r Interrogator Sofhvare !\1odule - Thi ~ 

module defin -s the MLS g und installa ri 11, perform the r cei r r tuni ng <f t 
sleeted chann 1, com te.s 1 approach z'muLh, bac co rse . z'fl1 Lh, ele atiol1, 
an . E signc Is, sels lev idHy flags for ach signal., omputes the deviahl ns 
from the 1 'cted references, and prep res tlle deviatim signal for ispl ' nd fliglH 
dire tor /aul'Opilot purpo ' €S. The typical MLS coverage is summarized in abk 1\-1. 

AngIe de iation signals are computed by s btracting the references (as seIet y 
the pi at v'a lh DU) fr l11 ompuled va es b .. 's on the un. l lilude, 
10 gitudc, an alt't Ide of h aircraft pos'tion. Th l'dot". ignals (which are. 'w'wn 
as raw e iation on the Course Deviation In kator) ar then com ut :-1 by 
m 1 'plying by he correspondin cnsitivity factors. or basi' mo:i. us , th 
'ensilivi ty f ctors used are ±l.8 full scale for he appr am azhnu h} 6.00 full sc 10 

for the ba.ck zim th} and ±O.75° 10 tile levation, "or RNAV mode, the azimuth 
n~itivit i ±1.8 full s ale until the dcviatio equal ±1 00 an then it rel ainc; 

al _150ft full c; ~Z11 . This 0 llfS" t P r ,.in at )y 6 Lli [rom lh zim.ulh sla Lii n. 
he ele ation sens·tivity·s 0.75° full scale unlil the devia.l'on equal 2~ ft. at 

wbirh point it r .mai ,s ± 25 h. For c nveniencc, this occur at the am point wher 
the zimu h sc ling hange. The b ck zimu h se i iV'ly i set at. ±15 0 ft. f 11 
s .ale at aB points. h-5 signals are senL Lhe display inst un eats without any 
filtering or smoothing. 
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Table A~l. MLS 0 e·rage Swnmary 

Elevation (co 
a ge 

Lateral Coverage 

==L...;:;;~~~~~~~m=-_~ he MLS/RNAV algorithms contain the following four 
major elements: ML position com utation, navigation filter algoritl ms, R AV 
reference path table look-upl and NAV guidance ioJ a generation. A brief 
description of each compo ent i given below. Th e elements are shown in a 
simplified flow chart in Figure A-I. 

The 111..5 position computation p.r rrns the in er e t n formation fr m LS 
signa s to runway referenced x, y and z rectang . lar coordinates. There are three 
case to consider: front azimuth, d' lancel arometric albt e; front c zin uth l 
distance, elevation angle; and back azi , di .anee, barometri ltitud. 

Two decoupled horizontal and vertical filters are contained in th navigation filter 
module. The horizontal filter consists of the following three parts: 

(a) Two sLate turn rate estimation filter; 
(b) Four tate horizontal filt r; and 
(c) Single state signal validity probabili y mtcr. 

Filter (a) generates heading and turn rate estimates based on m a ur d helding and 
bank angle. 'he r . ultant t Tn rate estimate is used by (b) to compi ment t1 MLS 
computed x and y coordi ates in updating the air raft's horizontal position and 
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velocity estimates. This filter design can utiliz xisting roll, pit h and yaw sig als 
from the vertical and directional gyr s and do s n t quire ody ac' I '[ li ns or 

5 grade IRU signals, thus helping to reduce avionics r trofit ard up Trade costs. 
he signal validity probability filter (c) is used to tran. ition graceful y to oth r filter 

modes such as dead reckoning. 

The vertical filter computes the altitud and alt' d rale . nates. It is aided by 
measured pitch attitude and a ground sp d estirn te (oblail1 d b t e horizonlal 
filter). The second state is an estimate of bias in the com uted altitude r te. Because 
of this aiding l the filter can have a substantial s lOothing effecl t exhibit 
minimum dylamic delay. 

AU of the required RNAV waypoint data is tor d in the computer's r ad-only 
memory. The pilot can only select from. ralher t n nter or It r th r)u 
database. This method is much fast r and also ,eliminates unnecess ry hUInLn 
errors. he following data are retrieved for each /ID A route:C 

• waypoint number; 
• x, y adz coordinates; 
• r, eli 5 nd center of circular-arc; 
• next segment course and range-to-go; 
• vertical flight path angle; 
• nominal ground speed; and 
•' DM' and azimuth readings from the selected azimuth ante a . 

The A guidance signal generation module consi ts of and ngage mo s. 
The rm mode tests the ref rence path capture/ en age can ns as on a se 
look-ahead position. The engage test logi com utes ong ra istanLe an cross 
tra Tror for each segment. If the aJong track distan i· Ie 5 tl an t1 segm nt 
length an the cross track error is less th n two ni es, then lh t st is satisfied. The 
RNAV E flag is set, the R ARM flag is r set l an the wa int nUl l:b r i£ 
stored. Otherwise l it waits until the condition are ati fled. 

During the engage model many signals are computed for either display to .he pilot 
through the CD or for use in the roll and pitch flight dir to. les . signals 
include: 

• active and next waypoint indi s; 
• cross track error; 
• current reference course angle with r spe t to ma n 
• next segment ccursc angle with respee to magn tic 
• feed-forward roll bias angle l if circular-arc egment;
 
.. a.l itude reference and altitu e error;
 
• long track distances and time-to-go to the 1 t way point; 
• range- and time-to-go to the next way point; an 
• next waypoint alert light flag. 
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/RN V U - n· keeping with the main thesis of creating an operationally 
rea' tic cock it environment, special emphasis was placed on the design of the pilot 
interface unit. This i he device by which pilots communicate with the MrS 
rece'ver such as selecting channel number and associated reference. This interface 
devic will be referred to as the S/RNAV CDU. In effect, the C U is the MLS as 
far as what the pilot sees in the cockpit. The Minimum Operational rfarmance 

tandards for Airborn' MLS Area Navigation Equipment document (MO S) does 
not specify the exa technical nature of an interface device through which the pilot 
invokes the adv n ed capability. Furthe more, no such de ie curl' ntly exists in 
he market pI Co s quently, an experimental MLS/ AV CDU had to be 

designed and manufactured at NA A. Since the B-727 simulator r pre.ents the 
older analog generation of aircraft, the design was aimed toward the retrofit 
situation. his would provi e a rudimentary MLS/RNAV approach capability for 
the older e eration transport aircraft where lack of instrumentation space dictat S a 
ompact design. The minimum functional requirements for the C weI' as 

follows: 

• bili ty 1.0 un 1 r.I. harmeJ; 
• Autom hc or manua sel tion of back azimuth reference; 
• Ability to 1 ct a straight-in reference or a curved approach path; 

-Pilot Interface - pr ides the pilot with controls and displays for simple and 
c nco e perat"on of the 5/· AV system. 

• omp ter nt rfa e - provides the bidirectional link with the' ~)imulation or 
A compute. 

-Avionics Interface - provides control of the '5 receivers by em 1 ng 
fun'tions of ontrol eads. It also provides additional in1' rfaces for the 
ARINC 29 data inputs .nd outputs. 

The Dues eparate assembli:s t accommodate the three interfac:·. The Pilot 
Interf, ce and the Co puler] terrae -, omprise three of the four circuit asse bli or 
boards within th 0 trol head. The Pilot Inter a e is microprocessor con rolled. 
Thi approach r due the amount of ircuitry re ired to support the pilots' 
display~ and co tro s. Th lOni s terface i also microprocessor controll d nd 
hares ata with th Pilot In erfac. he DU can be reconfigured (using the exi fng 

hardware), or an sser bly can be replaced to provide capability for future 
expe imen s. ne f ature, availabl u, ing this design approach, is control h ad 

ulati n. This· ulation will support the use of existing avionics receiv rs and 
ransponders with a an e ilot dis lay capability. Figure A-2 contains a 

photograph and labeled dra 'ng of the SIR V COD. 

The ilot s the fo11o j g controls and annunciators on the DU. A LABEL 
ntifi - backlit push button. An C TO identifies a dead-front status 
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area. A tf',.t m ssag on the dead-front annunciator can only be r v en lheG 

annunciator is lit. he ge of the control pushb tt ns and meaning of th status 
annunciators are d scribed blow: 

.' #1 MLS (white)/ A TIVE (gr. n) indi tor pushbutton. The MLS label is 
backlit for identifi tion. The" C I E" indicator lights to identify that the 
"J\1lS M DE" is in us . 

• #2 AUTO (white)/MANUAL (white) indicator shbutton. Thi control 
allows the pilot to s lee TO or MANUAL S modes. The A 0 and 

U L in i tors lighl to display t mod currently 'n use. Only one 
indicator lights at a time. Depr S "ing the pushbutt t ggles the perating 
m e. In A TO mode, he default azimuth, back azimuth and elevation 
values for th run ay are displayed. In AN AL mode, these three values 
an s ecled by the pilot. . 

• #3	 AZ ( it )/SEL (reen), OV (yellow) indica or pushbutton. This 
cont 01 s Ie ts a ron zimuth. Th "FAZ" label is backlit for' denfficahon. 
The "SEL" in icator will illUD inate to show lhat t lis azimuth i in se, The 

V" indi ator will illuminate when the aircraft is within MLS cov ~rag of 
the Front Azimuth. 

• #4	 BAZ (white)/SEL (green), COV (yellow) indicator pushbutton. This 
control selects a Ba k AziI uth. The "BAZ" label is backlit for identific tion. 

e " EL" indicator will illumi ate to show that this azimuth is in II e. The 
"COV" indicator wi! illuminate when the aircraft is within MIS coverage f 
th Back Azimuth. 

• #5 RNAV ( hi te) / R (y low), EN G (green) indicator pushbutton. This 
co trol select advanced LS modes for approach-path selection. The 
" V" label is , a klit to allow for iden . kation. The "ARM" indicator 
wil ilIumina e t sh w that the"; AV MODE" is selecte. h "ENG" 
indicator ill illlminate to show that the computer is per rming the 
RN caL l.llations . 

• #6	 PROC (white)/ARM (y How), ENG (green) indicator pushbutton. This 
contra selects adv need MLS modes related to approa -path interception, 

1e "PROC" Ie b 1 is backlit for identific< tion. The" RM" indicator will 
illuminate t shmN that th ", I~O ED . E MO is selected. Th "E JG"'II 

incUc., t r will illuminate to show that the c mputer is performing the 
PRO D R caleuI bon. This function is not pr sently availabl . 

•	 #7 - 2 LINE x 16 CHARAC R DISPLAY. The green dis lay is a sunlight 
re dable (7000 f ot- andles background) dot matrix display. This dis y 
provides pilot information and pilot input feedback. 
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• #8 - DISP Y MODE S LE OR SWlTCH. This 11 posib n rotar switch has 
th fLow' g fun hans: 

•	 0 - turns the C U Off. 
•	 (1 - 9 - sci cts 1e m i or altern te display modes. 
•	 TF. T - sleets t e test mode (full-clockwise position). 

T e OFF position f the switch us - a lip LL- O-TURN" acli n to activat 
his sw't h posi ion. The pane a els for this swit . inc porat Lh use of 

lamps for ba k lighhng. 

,. 9"P E V" wh' t ) indicat r p c: 1utton. ThL pushbuHon s 1 cts the 
previ usly disp ayed field of de ta entry. Tit IlPRE .. Ie b ,1 's backlit k r 
iden in aU n. 

•	 ff10 "NEXT" (" Ii l ) indicato pushbUlton. hi ush l tton ~'elec he. n xt 
:lisplayed fiel - for d ta n y. Th" XT' la I is backlit for i entificahon. 

•	 11" LECT" ~\ Hch s ( onentric - Large [oars Small [fin )). Thi rotaryI 

control selecls items or al es on the isplay for ata entry. ~ ch swit h has 
10 osih ns an ha continuous rot ti n. T1e c I'S control h s a (xl0) 
tim s-ten multi li r. Th fine control as a (xl) 'imes-on m ltiplicf. 

hann 1 selection for a range of 200 ch<: nnels requir two rotati n of ih 
oarse elect kno. he lab Is fa this contro are backJi t on t on I:r 1 panel. 

• # "N R" (white) in icator pushbutton. Thi con r 1 enters the ,ilot'·I 

hoice of dat" for a specilic n the LE isplay. "TE "is b21 klit 
for identification. 

~igt.lfe A IS • iagram of the M 'IF V i erface connections t the 727 
-imulaLor. Th Com aq ak s the plat: of e ML recei r, D1 -II' r L'iv r, rl of 
Lhe M S ground. station an AV ~omputer for the 5i tt' at f. ir raft position 
inf rn ation and MLS onlr 15 ar ex 1anged etwee tel c: 'n-aircraft im 1 tor 
'ompl er (SEI ) a d the Campa . The U appears sat r in I to the sim labon 
c mp ter. PH t pu lbult n and rotary switch osition data is trans itLd frO! the 

DU to b. Camp omp ter. Th two-"n L isplay d the an unciator data 
are ransmi tted from t ,e Compaq to the CD . Th:> 0 I rim ry function is to 
COl unica e with the A computer hiC':l use he C U as th pilot interface. 
In a itia 1, some M r ceiv r r qlfr~ 0 tr 1- ode and tuning informatio 
fro a d dicat control hea. 1 is acti ity is perf r ed by t,e avioni 
interface assembly. receivers f' c 've th adio-M nagc nt-Syst m on ro 
dat from lh . C 29 communica ion bus. The 0 sel,ectively isplays M 
an [ME/P at. Thi' dat.a i rccei e by the CDU by mutating t}"e S r ceiv rs' 
origina CD I an ARINC 429 cornm .catio s. 
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Inte ~ W'th Existing -727 Avionics - TIe basi premise for in erfacing 1E' M 5 
capa ility int lh i as t diturb the exis in cepit 'n rumentabon a 
lit 1 c pas ible, et make u e of as m 1. inslrum .nlarian as i ab.011ally juslifie ' 

o new in u n u h as a CRT was inst Hed tl er llan the 0 Also, no 
istin instrument was rernov d to make room fo the M in t lim ntation. 

H w ef, he r orizontal "huatian Indicator (lISI) was r 1 ced with anere 
advanced model faun 'n a ignifi anl num er of 727 aircraft. T i H I was se.lec ed 
[ r . re r asons. First, the headi g contro and ourse contT I nabs can. b 
remote y dri en whe pu ~ 1ed in. Second, ther aJ'e two digit displays of c istance 
a ail Ie. And third, th re 's a destination rt annun ·atar. Figur A-4 is a picture 
of the aptai 's i trumen tion and th ' center contr I panel or the B-7'7 simu at r 
~howing the locat'on 0 h r..ifLS/RNAV CDU's. 

The remal ly driv II. heading and our 'e c ntr 1 fUT1Cliol1s rer, use in he 
following m. n er. When the air ra was oul ide of cover g , th . pilo f ying 
would ul out t1 e hea ing and curs con ral kn s d manual1 s:>t the 
reference ours and d sir _d heading La naviga e on tandarJ navigation id -,c 

nee tl e air aft wa within ML coverage an c1 se enough 0 th 11..5/ N AV 
procedure ,th that th ML -;RNAV • G function va' gr en, the il t flyi g 
\o\rould push tJ e eadin . n cour co tr 1 knobs in and acHval!;! th, MLS f n bon 
bu tton on t DU, The h a ing bug would i mediately slew 0 he d sire course 
to the next ayp int, an th.e refer ce use would b set s th .. t the DI n dIe 
could gi e 0 r ct de iation indicatio s, Whe I he irer.. it is within 1 ~ cond . f 
th n xt wayp inti th a b d stinati n alert ight co es on as remind r, Upon 
rea ing that wayp inti the heading bug tom.. tically slews to th n \ ourse as an 
indi ator t the pilot. At t e same Lime, the refer nee co r e is s t t the s m 
valu . T e pilot's task is ke p in"'· e fight dir etor guidanc and 1 0 HOI' aw 
data for -t ation awareness, 
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APP OIXB
 

DESCRIP a Of ". E AIR TR FFlC CO 

The iT Traffi Control Simulat f (AT ~S) is a ull-featuI d simul tor b lilt to b 
testb d for the 'eopment a new TC procedures as w 11 as r trai ing 

Air Traffic on.trollers in the u of the rocedurs in a safeet r a istic 
env'r nment. I -:an a so sed Lo pravid a redi. tic 0 era tiona e vironm n to 
fli h t crews opera Li g i ei ther f two flight 8im 1 r, The entire simulation 
ampl onsislin of the A C , the B-727 i ul tor and n advanced illl-gla'5 
ockpit simulat r make lp . e Man-V ic1e Systems R s arch Facilily (:rvlVSR ;). 

This labore tory is dedicated t res a ch i the area f hut an factors a, avigation 
syst m a well a the el pn nt and te ting of new ATe technologies and 
pro edures, he A C a also be e as an 'tive tool for controller training 
t oth for termi al and enroute per 'ions. It co bines a ry r ali . sin ul bon of 
t TC environment ith a set 0 cripli g abili of?' which allow setling u and 
ontrol ing t e training sessions t prov'de a nifor 11 but flexibl t ching 
nvironm nt. 

'1 ATCS on ists of t E~e separ t tations, The experimenter's station is us d to 
configure, start, an control the flow 0 (,;v nt iI t' e imulation, The xp rimenter 
can, v'a .. Y oan entri s, Cl'eat. new arrcr f in t e simulafon, ac ivate and 
dcact"v te 0 troll 'f statio " alt r win pro ile", and per orm numerous olh r 
i nctions hich contra the si lation e vira :ment. The' ontrol! r station alloY's 
the contr Her to cont 01 th ITL Hie. It s'mu ates the traditional radar i' 1 Y se Y 
controller today. ultiple controller aHons can exist in the y te, he 
pse dopilot 'ta io is ed to input th omma ds from th tr 11 r to the 
romp ter. In eft t, 1 prato, f the pse ldopilot station is flying each of the 
aircraft un er his control. 

Te ATe environment simulah n ides· ed i h a high degree of r a ism. Some 
f he characteri lics ,yhich make the AT r alistic are: 

,upport mulliple display 

Plan Vi w Dis 1(1 ~ - State-of-the-art workstations are us d as controlle di plays. 
They r ide high res llution 0280 x 1024 . ixels) lays with 8 or 24 bi lanes, 
Th scr en can be configuf<:! to simula c curr nt equip '1 (includin -om l.le 
"d c map informati n) awl a ace mm dale future ~r nds, such i:lS col r c ding 
f in ormation, i ur s B-1 throug B-3 are photog ap s of the final 0 troller 

di ~ la s for each of th airpor s wi h some lin itel raffic depict d. 
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erformance Char - Aircraft performance greatly affects the control 
method a.dopted by controller n some cases it may significantly effect the 
applicability of new control procedures. This is particularly true in the terminal area 
wher traffic is relatively dense and aircraft seldom follow a straight unaccelerated 
path. he ATCS accommodates high fidelity aircraft performance data for each type 
ot aircraft eh g simulated. 

Pilot Me) cls - Piloting delays in responding to a command and failure to adhere 
tightly to commanded altitude, he d'ng or speed ar factors that can be adjusted to 
give added realisn· to lhe simulation and pro j, e the controller with a good 
repr sentation of what the c expect in real-life. Additionally, aircraft are capable 
of followi g umerous naviga ion modes including US, RNAV, and MLS curved 
paths. 

Ins umenta 'on N vi ation and urveillanc Models - The ATCS incorporates 
detailed models for a I onboard instrum ntation of the simulated aircraft 
(altimeter, airspeed indicators, heading indicators, VOR, DME, ILS and MLS 
receivers, etc.), all navigation equipm nt ( a's, DME's, ILS, MLS transmitters, etc.) 
and all surveillance equipment i eluding both terminal area and enroute radars. 

Wind an M net' c evi" ti n Models - The ATCS can accommodate complex 3­
dimensional wind profile as well as a model for the variability of magnetic 
deviation with aircraft position. 

The ATCS's scripting capability is one of the most important features of the system. 
It allows the plan iflg and orchestration of each session in great detail. Once 
developed, scripts can be .slored for future use, copied, and edited to introduce 
variations in the session, Th cripting me hanism allows the experimenter to 
execute any command that can be entered in any of the active stations. In addition, 
the time when sue a command is execute can be prespecified, or it can be tied to 
the occurence of a simulation event, 5U 11 as an aircraft reaching a certain waypoint 
or crossing a certain altitude, reation of new aircraft are themselves events that 
can be used to tri"t er scrip e commands. Scripting is a powerful way to insure the 
repeatability and fine tuning of sessions while at the same tinle allowing 
adjustments to be performed uring the run itself. This is used to accounl for the 
variability in each subject en the individuality i the style with which each 
controller controls traffic. 

The ATCS can be configured in a number of ways, For the MLS - ATC studies, four 
controller displays and four pseudopilot displays were used. Figure B-4 is a 
photograph of the lab during a typical experiment. 
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dual: (l 

rres: 39 

Summary of Sin ulafon Results: 

Av. Flight Av. Flight A . Hold"llg Min. Fli ht Mi . FrgM 
Feede.r Fix Time (min.) Dist (NMJ) Time (min..) Time (min.) Dist. (NMl) 

ARDVOR 21.25 79.08 4.90 (1 ) 15.15 63.91 
LlZZl 26.78 94.31 2.83 (1 ) 18.15 73.22 
NESSI 23.36 66.77 0 17.90 57.51 

I NOBSl 26.86 74.50 8.13 (l ) 16.00 49.77 
VALRE 19.. 77 '61.71 0 12.60 48.57 

Wt. Av. 24.15 79.6) 5.29 (3) N/A N/A 

Arrival Rate Per Hour 
29.6 
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Figure D-la. Summary Data Ani al Ai craft light Trac 10 No.1
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Summary of Simulation esuHs: 
Av. Flight Av. Flight Av. Holding Min. Flight Min. Flight 

Feeder Fix Time {min.> Dist. (NMl) Time {min.} Time {min.} Dist. (NMI) 

ARDVQR 20.52 77.06 15.97 (5 ) 15.50 64.91 
LIZZI I 23.42 87.39 16.18 (14 ) 17.13 72.55 
NESSI I 20.36 59.92 25.56 (2) 18.18 55.78 
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VALRE' I 1~.85 61.24 13.42 (7)' 14.15 53.02 I 
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Figure -2a. Summary ala & Arrival Aircraft Flight Tracks for 0.2
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Actual: 12.1 

S lary of Simulation Rc ult : 
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Min. Flight 
I Time (min.) 

Min. Flighl 
Dist. (NMI) 

ARDVOR 17.39 69.66 16.94 (3) 12.30 54.43 
LIZZI 21.40 80.71 14.21 (12} 16.85 72.74 

I NESSI 17.90 52.95 21.29 (2) 14.38 49.19 
INOBBI 19.57 53.87 20.72 (3 ) 16.53 43.39 
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A hlal: 32.4 

eparhues: 4 . 

Summary of'm lion Result : 
Av. Flight Av. Flight Av. Holding Min. Flight Min. Flight 

Feeder Fix Time (min.) Dist. (NMn Time (min.> Time (min.) Dist. (N1vfI) I 

ARDVOR 16.94 64.75 0 11.75 5].79 
LIZZl 20.60 76.86 12.97 (4) 14.12 I 

I 58.25 
NESSI 17.58 50.98 , 16.10 (2 ) 14.23 45.89 
NOBBI 19.65 51.99 13.81 (4) 16.28 4l.92 
VALRE 14.35 48.73 10.43 (5 ) 10.3'7 42.30 
Wt. Av. 18.17 63.35 12.76 (15) N/A N/A 
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Figure D 4a. Summar}' Data & Arriva Aircraft Flight Tracks to 0.4 
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Actual: 32.4 

Sum ary of Simulation Re ts; 

Av. Flight Av. Flight A . Holdi g Min. Flight Min. Flight 
Feeder Fix: Time (min.> Di . (NMI) Time (min.> ime ( in.) Disf. (NMl) 

ARDVOR 17.49 68.15 0 11.25 51.77 
LIZZI 22.46 82.75 0 15.38 62.25 
NESSI 19.18 55.86 0 13.63 46.0B 
NOBBI 19.33 52.26 0 13.35 41.75 
VALRE 13.57 47.80 0 10.75 43.27 
Wt. Av. 18.9'3 66.49 0 N/A N/A 

Arrival Rate Per Hour 
30.9 

AlP'IR 11 liD 2 

....... _..
 
"""~ j[J) 

0" 
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40 
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Fig rre D-5a. Su mary Data & Arrival Aircraft ight rae S £0 0.5 
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GA IlS 13 ,& M S 13/0 13 (4/ 110 #2) 
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Actual: 74.6 

8 

Smmal'y of Simulation Re u ts: 

Av. Flight A . Flight Av. Holding Min. Flight Min. Flight 
Feeder Fix ime ( in.) Dist.INMII Time <min.) Time (min.) Dist. (NM1) 

ARDVOR 16.01 62.29 0 11.72 51.38 
LIZZI 18.12 69.64 14.7 (2) 13.00 58.93 
NESSI 21.85 63.11 0 14.23 46.19 
NOBBI 19.39 51.67 8.57 (1' 13.13 42.00 
V A Trn; 13.64 47.42 0 10.05 43.47 
WI. Av. 17.22 60.94 12.65 (3) N/A N/A 

Arrival Rate Per Hour 
31.9 
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LGA S 13 & M S 13/ 13 (4/11/90 #1)
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Figure D-6b Arrival Aircraft Holding and I -flight Time L' es 
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Summary of Simulation Res Us: 

Av. Flight Av. Flight Av. Holding Min. Flight Min. Flight 
Feeder Fix Time (mill.) Dist. (NMD Time (min.) Time (min.) DisC (NMTl 

ARDVOR 14.37 57.26 1.60 (1 ) 12.32 55.55 
UZZI 16.42 62.57 0 13.77 59.07 
NESSI 18.90 56.79 0 15.38 45.92 
NOBBI 20.47 57.71 1"1' 13.27 41.57 
VALRE 18.77 59.86 8.28 (1 ) 11.62 41.04 

WL Av. 17.08 59.65 4.94 (2) N/A N/A 

Arrival Rate Per HOllI 

31.7 
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Figure D-7a. S mary Data & Ar . aI Aircraft ight Track for No.7 
0-1 



LGA S 13/0 13 (4/10/90 #1 )
 

CMD481 M 
GAA89--M 

AAL593-M 
NW 530-M 

DAL1160=:M 
EAL10 M 
PAA25S-M 

ALJ87-M 
GAA683-M 

USA1 94-M 
AL362-M 

AJC735:M 
PAA539 M 
NWA352 M 

AAL116S-M 
us 12 -M 

L74(~M 
WA114­USA1232 

NWA62-M 
AAl316-M 

PAA236A-M 
U 7S-M 

GA 77S-M 
AJC75S-M 

TPS1490:M 
p 109 M 
MI 384-M 

NWA1204-M 
DAL447-M 

EA1.20-M 
UAL1582-M 
USA1563-M 

ORM15:M 
AAl174 M 
AJC725 

USA76-M 
USA702:M 

NE82 M 
COA22S-M 
AWE610-M 
AJC749-M 
DAL124-M 

AA747-M 
PAA260-M 
NWA35-M 

USA67S':=M 
PAA54 M 

AL624-M 
COA16.f1-M 

USA2154-M 
DAL92-M 
UAl7S-M 
WA256-M 

GAA69S,=M 
DAL918­

~ 
-+­

-+­
-1­

-+­

--<­

-+­

-+­

-+­

-+­
-t­

[' 

-+­

-+­

--<­

-I­

-+­

-+­

--<­

-+­
--<­

-+­

-+­
-+­

--i­

--+­

o 20 40 60 80 100 120 140 

igure D-7b. Arrival Aircraft Holdi g and In-flight Time Lines 
o 15 

'~o t Ho 1 ing 

lOjDH at 
Feeder Fix 



Feeder Fix 

I 

Av. Flight 
Time (minJ 

Av. Flight 
Dist. (NMI) 

Av. Holding 
Time (min,) 

Min. Flight 
Time (min.) 

Mi . Flight 
Dist. (NMn 

ARDVOR 23.35 85.53 0 15.50 67.94 
LIZZI 24.07 91.25 0 16.85 73.07 
NESSI 20.24 55.38 0 13.23 46.27 
NOBHI 18.02 54.98 5.51 (2) 12.20 44.64 
VALRE 14.99 55.46 0 10.18 4B.ZB 

¥It. Av. 20.89 74.67 5.51 (2) N(A N/A 

Arri aJ Rate Per Ho r 
30.1 

4/11190:lt 3 
49 

Achlal: 0 

ummary of Simula ion Res 'tS:-
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Ftgure -8a. Surrunary Data & Arrival Aircraft Flig t Tracks for o. 8 
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Sum ary of Simulatiol R suIts: 

! Av. _Flight Av. Flight A . Holding Min. Flight M' . Flight 
Feeder Fix ime (min.) Dist. (NMl) Time (min,) Time (min.) Dist. (MVtll 

ARDVOR 13.19 52.816 , 0 11.25 47.30 
LIZZI 14.98 61.06 () 12.43 

I 
55.23 

NESSI 25.76 73.17 0 19.48 65.40 
N08BI 21.14 65.09 0 12.95 46.32 
VALRE 15.59 63.65 0 I 10.23 47.80 

'Vt. Av. 16.37 61.14 0 N/A N/A 

Arrival R.ate Per Hour I 
31.6 
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Figu e D-9a. Summary ata & Ar'val Ai aft, rght Tracks for 0.9
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Summary of Simula iOl R ult; 

Av. Flight Av. Flight Av. Holding Mi . Fl·ght Min. Flight 
Feeder Fix Time (miu.) ist. (NMl) Time (min.) Time (min.> Dist. (NMI) 

ARDVOR 18.69 69.46 0 12.42 51.52 
LIZZI 18.77 72.31 0 12.48 56.54 
NESSI 16.91 46.71 0 14.42 46.18 
NOBBI 18.83 54.62 0 13.07 44.60 
VALRE 14.39 53.62 0 10.93 46.16 
Wt Av. 17.78 63.70 0 N/A N/A 

I Arrival Rate Per Hour 
30.5 

~ .------~---.,.,.-----~..,.....---,------:-:-:-:--···-··I-l-a-n----::--~ 

VA lItlB: 
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Figure D-lOa. Su rna y D ta Arrival Aircraft Fligh Tracks for o. 10 
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nnUlallOIlsumm ry 0 f S· t' R~eSt1its: 

Av. Flight Av. Flight Av. Holding Min. Flight Min. f)'ght 
Feeder Fix Time (min.) Dist. (N"Ml) Time (min.) Time (min.> Dist. (NMl) 

ARDVOR 14.62 56.65 0 11.23 5083 
I LIZZI 16.67 63.84 0 12.45 57,21 
NESSI 22.10 62.49 0 13.17 41.67 
NOBBI 21.10 64.95 0 12.07 45.23 
VALRE 18.15 68.09 0 10.35 49.64 
\,yt. Av. 17.44 62.92 0 N/A N/A 

Arrival Rate Per Hour 
32.3 

AlP 
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'gllre D-l a. Sum a y Data Arriva Ai c aft Flig t Tracks for o. 11 
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Simulation Charaderistic : 

Perce t MLS, Target: 0 Actual: 0 
-­

Airport: JFK 
Depa.Iture Runway(s): N/AArrival Runway(s): 13L 
Duration: 113 min.No. 12 II DateIRun: 5/07/90 # 2 I 
No. Completed Departures: N/ANo. Completed Arrivals: 55 

Comments: 

Summary of Simulation Results: 
Av. Flight Av. flight Av. HoMing Min. Flight Min. Flight 

Feeder Fix Time (min.> DisL (NMI) Time (min.) Time hnin.> Dist. (NMH 

CAMRN 21.43 78.10 I 26.2S (6) 14.92 64.51 
CCCVOR 36.20 101.63 12.78 (3) 29.23 84.33 

DIXIE 27.84 77.03 31.05 (3) 14.58 54.33 

ERICK 33.85 121.03 13.43 (7) 27.00 105.61 
LENDY 29.56 111.51 16,.41 (4) 18.60 90.09 
MANTA 20.21 74.92 25.60 (1) 14,.57 64.16 
ZIGGI I 23.43 65.15 28.25 (2), 20.67 59.11 

WL Av. 
I 29'.50 101.13 20.41 (26) N/A N/A 

Arrival Rate Per Hour i 
I 

33.7 
I 

c~c 

. . 
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Figure D-12a. Su­ m ry Data & Arrival . craft Flight racks for o. 12 
0-2 
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28.7 

Summary of Simulatio Res its: 

Av. Flight Av. Flight Av. Holdi g Min. flight Mi Flight 
Feeder Fix Time (min.l Dist. (NJ\iI1) Time (min.) Time (min,) Dist (~MD 

CAMRN 16.37 (4) J6.70 
-

57.5019.87 69.57 I 

CCCVOR 33.67 93.86 13.63 (2) 27.92 75.00 
DIXIE 21.34 56.57 11.71 (3) 16.55 42.91 
ERICK 31.01 112.00 9.79 (7) I 19.65 91.43 
LENOY 31.40 115.88 10.80 (5) I 17.72 87.01 

MANTA 20.13 73.63 7.37 (D 
I 

15.17 60.88 

ZlGGl 19.92 55.25 16.41 (3) 15.70 44.48 

Wt. Av. 27.'92 95.41 12.27 (25) N/A N/A 

Arrival Rate Per Hour 

I 
39.8 

:;-r----~---=-------,---,-,~.,_______.=_:_----__:'---,.__--.,.___________., 

.:... " 

..... 
'it') '>.,. 
I 

~ u 
EAST iCOlOIR)])D AT ( W) 

igure ..13a. Sum a y Da a & Arrlval A.reraft Flight Tracks for o. 13 
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JFK IlS 1311 LS 13 (5/07/90 #3) 
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~ ... 

'" 

lENlD . 

~~'-

54.0 

5 mm y of imulatio R s It : 

Av, Flight Av. Fli ht A . Holding Mi . Flight Mi . Fl'ght I 

Feeder Fix ' ime (min.) Disl. (~n Time (minJ Time (min,) Dist. (NMl) I 

CAMRN 19.53 68.43 5.45 (1) 14.05 60.97 
CCCVOR 29.33 83.13 0 25.70 71.95 
DOOE 25.03 70.92 0 12.52 4\4.44 
ERICK 28.23 104.40 5.06 (2) 18.77 82.10 
LENDY 31.46 120.82 11.83 (2) 15.75 

I 
7,6.31 

MANTA 19.55 74.60 0 14.73 65.54 

ZIGGI 22.35 62.65 0 19.55 55.88 
Wt. Av. 26.83 93.48 7.84 (5) N/A N/A 

Arrival Rale Per Hour 
41.90 

I 

""', 

.', 

J[) XHE.. 

.... 
n ". '. 
i'+-......;"..:..--------··------'=---------~------I 

-4 

IBA~ ']I' C iO 10 NA1I'1B (N ) 
Figure D-14a. Sumnlary· a a A rival A'reraft Fli ht Tracks for 0.14 
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JFK LS 13L1MLS 13 (5/10/90 #1)
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Simulation Characteristics: 

Airp<?rt: JFK Percent MLS, Target: 100 Actual: 100 
Arrival Runway(sh 13L & 13R : Depart e Runway(s): N/A 
No. 15 I Date/Run: 5/08/90 # 3 DUIation: 96 min. 
No. Completed Arrivals: 59 No. Completed Deparlures: N/A 
Comments: Two 13R MLS procedures 

Summary of Simulation Resu ts: 
I Av. Flight Av. Flight Av. Holding Min. Flight Min. Flig It 

Feeder Fix Time (min.) Dist. (NMI) Time (min.> Time (min.> Dist. (NMl) 

CAMRN 20.39 70.26 0 I 13.88 62.27 
CCCVOR 27.52 76.78 0 25.52 70.60 

" -

DIXIE I 23.00 66.08 0 11.78 42.61 , 

ERICK I 26.46 98.62 0 18.32 83.61 
LENDY 29.05 109..18 I 0 16.58 82.38 
MANTA 18.73 67.23 

I 
0 14.90 61.68 

ZIGGI 32.09 90.09 0 19.93 57.04 
Wt. Av. 26.01 90.83 0 N/A N/A 

-

Arrival Rate Per Hour 

-­
42.0 

.... 

. . .. :....~ 

'" 

.... 

lLlBN~Y" 

<::) 
y 

e '. ,_'f' -r-----''-'---------.... =....:.. .._-'-~=-------'-'-'----------i 

-40 60 

lEAST COO [) NATIB ( um 
Figu e D-15a. Summary Data & Arrival Aircraft ight Tracks for o. 15 
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FK MLS 13L & R (2 paths) (5/08/90 #3) 
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Simulation C aracteristi : 

N/A 

Summary of inm.lation R suUs: 

Av. Flight Av. Flight Av. Holding Mi . Flight Min. Flight 
Feeder Fix Time (min.) Dist.(NMl) Time (min.) Time (min.) Dist. (NMl) 

CAMRN 21.40 74.BO 0 13.55 56.25 
CCCVOR 27.85 78.72 0 I 24.20 69.63 
DIXIE 20.74 57.58 0 13.25 

I 
45.08 

ERICK 26.96 99.88 0 20.67 80.66 
LENDY 28.52 110.31 0 17.17 83.61 
MANTA 16.52 63.39 0 14.30 62.23 

ZIGGI 16.24. 43.81 0 14.40 40.34 

Wt. Av. 25.35 89.93 0 I N/A N/A 

Auival Rate Per Hour 
46.4 

". 

m;::. 

f +----.........------~-~'-'----------"'-'-------------I
 

Ifill 

.. ' 

-40 

A 11:' COOIRIDITMA"Il'lB 'MIMI ) 
Figur D-16a. ummary Data & Arrival Ai c aft Fight Track fo o. 16 
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JFK MlS 13L & A (5/1 0190 #2) 
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100 

summary 0 f S'1mu1a fJon ResuHs; 

Av. Flight Av. Flight Av. HIding Min. Flight Min. Fl"ghl 
Feeder Fix Time (min.) Dist. ,(N ) iDle (min.) Time (Olin.) Dist (I\IMI) 

CAMRN , 13.24 57.22 0 10.62 50.96 
CCCVOR 23.75 67.06 0 

I 
22.45 64.28 

II JU" 16.62 47.17 0 13.65 45.62 
ERICK 22.37 95.43 0 17.27 77.34 
LENDY 20.67 92.06 0 14.33 71.96 

MANTA 14.97 62.15 0 I 14.60 61.38­

ZlGGI 15.82 44.18 0 15.42 113.21 
Wt. Av. 19.65 78.43 0 NIA N/A 

Arrival Rate Per Hour 
53.5 

i 
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JFK LS 3l & R (Indep. op) (5/11 f90 #1) 
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Simulation Chalracteristics: 

Airport: JFK Percent MLS, Target: 100. Actual~ 100. 
Arrival Runway(s); 13L Departure Runway(s): N/A 
No. 18 I Date/Run: 5/11/90 # 3 ' Duration: 101 min. 
No. Completed Arrivals: 53 No. Completed Departures: N/A 
Comments: single MLS curved procedure to 13L 

Summary of Simulation Results: 
Av. Flight I Av. Flight Av. Holding Min. Flight Min. Flight 

Feeder Fix Time (min.> Dist. (NMI) Time (min,) Time (min.> Dist. (NMI) 

CAMRN 20.01 64.97 13.79 (7) 15.50 60.95 i 
CCCVOR 31.88 88.7.3 8.40 (3) 26.72 80.12 

~ DIXIE 21.20 57.15 11.43 (3) 16.75 53.37 
ERICK 

--­
30.33 106.94­ 11.30 (7) 25,,18 96.78 I 

LENDY 29.54 108.00 12.24 (10) 16.165 82.61 
IMANTA 19.11 62.03 9.81. (2) 17.20 60.33 

I 

IZIGGI 19.71 52.70 7.61 (3) 18.45 47.56 

Wt. Av. 26.57 89.02 11.43 (35) NIA NfA ! 

I 
Arrival Rat,e Per HOUI I 

1 

37.8 I 

DllXlllE, 

Q '-'-'-' ".' ­
'r'+-----'.:.;'-=------~:.-..-...---:.-~~------.;.;....--------1 

ILlEMPY" 

... : •.••.•••..•.. j . 
, , 

-40 6 

Figure D-18a. Summary Data & Arrival Aircraft Flight Tracks for No. 18
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F S 13L • Single Pa h (5/ 1190 #3) 
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o 

Summary of imulatio Results: 
Av. Flight Av. Flight Av. Holding Min. Flight M·n. Fligllt 

Feeder fix Time (min.) Dist fl\Ml) Time (Olin.) Time (min,) Dis't. (1'.~I) 

I CAMRN I 20.64 72.32 9.92 (5) 18.60 67.82 
CCCVOR 

I 15.02 42.76 ,0 10.65 39.48 

DIXIE 22.28 67.29 10.11 (2) 17.82 65.28 

ERICK 14.20 53.79 0 12.45 I 50.60 

, LENDY 25.32 95.26 0 16.82 72.90 

,~1ANTA 17.77 68.05 0 16.00 63.98 

ZIGGI 20.76 65.09 13.2U (2) 19.40 63.85 

Wt Av. 18.88 66.9'6 10'.69 (9) N/A N/A 

Arrival Rat Per Hour 
49.5 
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"g e -19a. Summary Data & Ar 'val Aircraft ight acks for o. 19 
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imulation C arae e:r' tics: 

Percent MLS, Target: 25.0 Actual: 30.5 1 

Arrival Runway(s): 22L, 22R & 13R 
Airp or~: JFK 

Departure Runway(s): N/A 
,Dwation: 91 min.
 

No. Completed Arrivals: 69
 
No. 20 I Date/Run: 5/09'/90 # 2 

No. Completed Departures: N/A 
Comments: Overflow to 13R fOI MLS, all Ifleavi,es to 22 

Summary of Simulatio uH : 

Feeder Fix 
Av. Flight 
Time (min.) 

Av. Flight 
Dist. (NMI) 

Av. Holding 
Time (mill.) 

~1·n. Flight 
Time (min.) 

Min. Flight 
Cist. (NMI> 

CAMRN 
, 

15.19 60.94 0 12.02 51.22 I 

I CCCVOR , 14.37 41.58 0 9.83 39.10 
DIXIE 20.52 59.72 C 

0 
0 

-

11.37 43.87 
49.29ERICK, 14.04 55.03 10.73 

LENDYI 18.43 76.56 11.18 4.2.42 
MANTA 15.86 66.26 0 

0 
0 

14.32 66.07 
40.68 

N/A 
I ZlGGI 14.53 

16.06 

41.08 14.50 
Wt. Av. 60.21 N/A 

Auival Rat Per Hour 
52.6 

-

..~'. 

CAUl : 

'0 
lEAST COOl!l INA: 18 (RUm 

igure D-20a. Sun mary Data & Arrival Aircraft igh Tracks for No. 20 
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ctual: 55.4 

fA 

Summary ofi' la ion Res ts: 

Av. Flight Av. Flight Av. Holding' M"n. Flight Min. FI ight 
Feeder fix Time (min.) Dist. (NM!) Time (min.) Time (minJ Disl. (NMl) 

CAMRN 15.79 61.03 0 12.15 51.60 
CCCVOR I 14.43 41.45 0 12.68 39.36 
DIXIE 17.54 50.73 0 14.15 44.99 
ERICK 13.34 52.5! 0 10.80 49.30 

, LENDY 16.46 69.54 0 12.57 52.71 

MANTA 17.77 69.95 0 16.98 67.92 

ZIGGI 
I 

14.18 40.59 0 13.72 39.86 

Wt. Av. 15.23 I 57.28 0 N/A N/A 

Arrival Rate Per Hour 
56.9 
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Simulati n Characteristi : 
100 

S mary of SiJ ulatito Re ults: 

Av. FUght Av. Flight Av. Holding M·n. Fligllt Min. Flight 
Feeder Fix Time (min.) Dist. (NMll Time (Ill in.> Time (mill.) Dis. (NMl> 

CAMRN 13.45 56.87 0 10.95 50.93 
CCCVOR 14..46 41.55 0 10.17 39'.40 
DIXIE 14.86 44.54 0 11.48 43.06 

I ERICK 13.00 53.16 0 10.55 I 49.67 
LENDY 17.72 78.38 0 12.53 62.30 

MANTA 
, 

16.59 69.27 0 16.30 67.87 
I 

ZIGGI 14.13 39.78 0 13.30 39.46 
Wt. Av. 15.00 59.44 0 N/A N/A 

Arrival Rate Per Hour 
55.3 

......
 

"'. 

". 
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Figure -22a. Summary Data & Arrival Air raft light Tacks for No. 22 
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in 'Ulation Cha-act risti 

Airport: EWR Percent MLS1 Target: 0 Actual: 0 
Arrival Runway( ): 4R Depadure Runway(s): N/A 
No. 23 1 Date/Run: 5/14/90 # 1 Duration: 116 min. 

I No. Complet -d Arrival's; 65 No. Completed Departures: N/A 
Comments: 

Summary of Sim lalion Re lilts; 

Av. Flight Av. Fli ht Av. Holding M·n. Flight Mi . Fj"ght 
Feeder fix Time (min,) Dist. (NMI) Time (tl in.) ime (m'n.) Dist. { ) 

LGA 24.25 71.34 0 21.68 63.97 
METRO 18.65 61.00 

I 
0 15.75 50.25 

MUGZY 22.59 75.48 0 2Ot.00 67.26 
PENNS 18.41 66.46 0 13.03 51.72 
RBV 12.63 42.55 0 9.95 40.48 

I SHAFF 17.82 70.46 0 14.47 60.59 
Wi. Av. 17.11 59.49 0 N/A N/A 

Arti al R. te Per Hour 
38.3 

......................... .... ..... 
, .. . 

.' . ~ .. 

..... 

'0 

a "'0,r -t-~--_.:.-_-----"'-'-'----"------'"i 

-50 

, igure D-23a. ummary D ta rrival Aircraft ligh racks for . 23 
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25.7 

S mn a y of Simulation R ttl s; 

Av. Flight Av. Flight Av. Holding Min. Flight Mo.'n, FJignt 
Feeder Fix Tim~ (min.) Dist. (NMl) Time (min.) Time (min.) D·st-. (NMI) 

LGA 17.14 49.28 0 14.03 41.39 
METRO 13.11 43.55 0 12.BO 43.17 
MUGZY 17.41 58.63 0 14.98 48.90 
PENNS 13.52 54.25 0 11.50 50.32 

RBV 11.44 42.21 0 9.65 40.75 

SHAFF 15.50 64.'97 0 13.42 58.13 
Wt Av. 13.47 50.86 0 N/A N/A

I 

Arrival Rate Pel Hour 
37.4 
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EWR ILS 4 / LS 11 (5/14/90 #2) 
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Summary of Simu' ation Results: 

Feeder Fix 
Av. Flight 
Time tminJ 

Av. Fligbt 
Dist. (NMI) 

Av. Holding 
Time (min.) 

-Min. Flight 
Tim,e (min.) 

Min. Flight 
Dist. (NM}) 

LGA 17.45 50.8S 0 

I 
0 
0 
0 
0 

0 

0 

14.70 42.97 

,METRO 14.13 44.53 13T5 43.39 
MUGZY 13.31 45.33 

, 

12.50 44.74 
PENNS 14.82 58.78 10.40 45])6 

RBV 11.59 41.19 9,43 40.58 

SHAFF 17.06 6755 15A5 64:18 

Wt. Av. 14.06 51.49 NIA N/A 

Arrival Rate Per Ilour 
39.2 

-

lR y .. ol' +-....;.,;:,;.,..-_---.:.:..- ­ ...;.:.:;..:c-=--.......:-..........~ __l 

" 
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F"glue D-25a" Summary Data &; At 'val Aircraft Fligh Tracks for No.25
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Simulation Characteristics: 

Airport: EWR 
----­

Percent MLS, Target: 100.0 Actual: 100. 
Arrival Runway(s): 4R & 11 ' Departure R way(s): N/A 
No. 26 I Date/Run: 5/15/90 # 2 Duration: 105 min. 
No. Completed Arrivals: 55 No. Completed Departures: N/A 
Comments: 

Summary of Simulation Results: 

Av. Flight Av. Flight Av. Holding Min. Flight Min. Flight 
Feeder Fix Time (min'> Dist. (NMl) Time (min.> Time (min.) Dist. (NMI) 

LGA 13.59 40.17 0 13.23 38.74 
METRO 13.04 

I 
44.29 0 12..40 43.56, 

MUGZY 14.10 46.88 0 12.62 45.15 
PENNS 13.43 58.60 0 11.77 46.18 
RBV , 10.17 

I 
41.53 0 9.23 40.53 

SHAFF 14.60 64.21 0 U.03 46,93 
Wt. Av. 12.60 50.49 0 N/A N/A 

Arrival Rate Per Hour 
41.7 
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Figure D-26a. Summary Data & Arrival Aircraft Flight Tracks for No.26
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Simulation Characteristics: 

Airport: EWR Percent MLS" Target: 0 Actual: 0 
Arrival Runway(s): 22L Departure Runway(s): N/A 
No. 27 I Date/Run: 5/15/90 # 3 Duration: 107 min. 

I No. Completed Arrivals: 58 No. Completed Departures: N/A 
Comments: 

Summary of Simulation Results: 

Av. Flight Av. Flight I Av. Holding Min. Flight Min. Flight I 

Feeder Fix Tim,e (min.) Dist. (NMll Time (min.) Time' (min.) Dist. (NMI) ~ 

LGA 12.05 33.07 0 10.15 27.99 
I METRO 22.30 79.84 0 20.88 74.52 
MUGZY 16.75 I 53.51 0 14.10 48.53I 

I 

PENNS 17.59 
, 

69.46 0 13.13 57.55 

I RBV 21.36 
, 

86.59 
I 

0 16.52 74.83I 

SHAFF 13.18 47.57 
I 

0 10.25 42:16 

Wt. Av. 17.86 67.56 0 N/A N/A 
Arrival Rate Per Hour 

I 36.9 

-50 
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Figure -27a. Summary Data & Arrival Aircraft Flight Tracks for 0.27
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EWR LS 22 (5/· /90 #3)
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Av. Flight Av. Flight Av. Holding Min. Flight Min. Flight 
Feeder Fix Time (min.) Disi. (NNW Time (min.) Time (min.) Dist (NM]l , 

LGA 15.37 38.86 0 13.80 34.03 
METRO 17.67 63.15 0 13.75 48.91 
MUGZY 15.92 

I 
50.96 0 12.90 4:4.19 

PENNS 16.75 65.89 I 0 11.65 45.09 
REV 21.33 85.73 0 1,6.02 74.67 
SHAFF 12.39 46.25 0 9.68 40.33 
Wt. Av. 

I 
17.30 65.06 0 N/A N/A 

Arrival Rate Per Hour 
37.6 

' .. 

..:' ..... .... 

......... ; . 

" . . . .:.. .... 

y. .., 

1 

Summary of Simulation ,e ults: 
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Figure D-28a. Summary Data & Arrival Aile aft Flight Tracks for o. 28
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WR ILS 2211 S 1 (5/16l90 #1) 
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Sim lation Ch ra t ri r (s; 

Airport: EWR I'ercenl MLS, T.ugel: SO.O Actual: 49.3 
Arrival Runway(s): 22L & 11 Departure Runway(s): N/A 

I No. 29 Date/Run: 5116/90 # 2 DUT,ltion: 106 min.I 
No. Completed Arrivals: 57 No. Completed Departures: N/A 
Comments: MLS on 11 & ILS on 22L 

Slmm,ary of Sj mu ation R Sli ts: 

Av. Flight Av. Flight Av. Holding Mln. Flight Min. Flight 
Feeder Fix T*me ~mln,' Dist. {NMn Time (min.) Tjme (min,) Dist. (NMll 

LGA 12.77 32.58 0 11.60 29.78 
METRO 17.17 59.17 0 12.05 44.60 

MUGZY 14.67 46.19 0 I 
13.02 42.87 

PENNS I 15.98 63.53 0 11.10 43.95 
RBV 20045 85.36 0 15.43 73.71, 

SHAFF 12.62 45.23 0 10.23 4159 

Wt. Av. 16.58 63.45 0 N/A N/A 

Arrival R<lle Per Hour 
36.2 

, . 

MUGZY 

.. " .., ..... 

l 

o o 
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·gure D-29a. Summary Data & rrival A· craft Flight racks for 0.29 
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EWR S 22 IMLS 11 (5/16J90 #2)
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1 

SummaTy of Simu ation Re ults: 

Feeder Fix 
Av. Frght 
Time (min.) 

Av. Flight 
Dist. (NMn 

Av. Holding 
Time (min,) 

Min. Flight 
Time (min.) 

Min. Fligl t 
Dist. (NM)) 

LGA 15.03 40.11 0 U.28 33.13 
METRO 13.43 44.30 0 12.85 43.97 
MUGZY 14.66 44.66 0 13.43 43.91 
PENNS 15.32 57.01 0 11.85 46.05 
RBV 19.57 77.31 0 13.15 49.65 

SHAFF 12,25 42.48 0 10.80 40.78 
Wt. Av. 15.94 57.81 0 N/A N/A 

Arrival Rate Per Hour 
38.9 
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Figure D'-30b. Anival Aircraft Holding and In flOght Time Lines 
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Summary of Simulation Results: 

eder Fix 
Av. Flight Av. Flight Av. Holding Min. Flight Min. Fright 
Time (min.) Dist. (~) Time (min.) Time (min.) I Dist (NMIl 

LGA 16.38 42.36 0 
, 

15.20 39.33 
METRO 13.78 45.79 0 13.02 43.98 
MUGZY 15.21 45.27 0 14.08 43.96 
PENNS I 17.54 61.49 0 11.35 44.22 

'RBV 22.27 84.45 0 15.87 53.01 
SHAFF 13.70 44.88 0 10.85 40.68 

WL Av. 17.35 60.16 0 N/A N/A 

Arrival Ra e Per Hour 
45 

co RIB?··... ..' 
"r+----':':"O'---~-----...:....:..~-......,;.;..:-'---------___l.. ..;.:.

-50 30 

IBA§']]" COCIR HATE ( ~JH) 

Figure D-31a. Summary ata & Arrival Ai craft rgh Tracks for 0.31
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Figure 0-3, b. Arrival Aircraft Hold·ng and In·flig t T· m Lines 
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