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RUMMARY

An experlmencal evaluation of the monltored approach procedure for con
duct Ing low vigibility (astrument approaches b desertbed,s Fear ol freerewn
cach flew 10 approaches using the monttored procedure and 16 ustop o mod by fed
"gtandard" procoedure In a DC=10 gimulator under varlous conditlong of «vlaihl]
{ty, wind shear and turbulence, and radar vectoring seenarlos,

In terms of gystem measurces of afrerew performimee, no mojor ditffercenees
were found., Pilot opinifon data indlcate that there are seme destrable charace-
teristics of the monitored procedure, particularly with reference to the
inereased role of the flight onpgineer In conducting Jow viglbllLty approaches,
Rationale for developing approach procvedures s discussed,

TNTRODUCT LON

The reseatrch described in this paper grew out of some of the concerns
expressed by airline pilots during the preliminary pilot interview studies
mentioned in the previous paper (ref. 1), Specifically many pilots felt
that the approach procedures they were using were less than optimal with
regard to two major items: (a) the integration of all three cockplit crew-
members into the approach procedure; and (b) the callouts required of the
various crewmembers during an approach.

The critical demands placed upon pilots during the last one ovr two hundred
feet of an approach are well known. Manv aceidents have occurred durinp this

critical phase of flight, and in many of these it appears that one of the major

contributing factors was the inadequate or inappropriate desipn of approach
procedures, including crew intepration and callouts., Tn many cases sufficient
information to prevent the impending disaster was present within the coclkplt,
yet the crew failed to utilize thig information. Once the flying pilot has
changed to flight by visual reference, deviations from the desired Fldght path
might not be readily discernible Trom outside visual cues. Thease deviotion.
will, however, invariably show up on the cockpit fnstrumentat tont fTocresned
gink rate, deviations below glide slope, or low airspeed  all so-called

killer items — will be displayed inside the cockpit. Tt [s necessary that this

information be transferred to the {lving pllot L6 an aceldent is to be
prevented,

There are two ways of performing this task: (a) the physical cnviccmacnt
can be modified, making the information avallable in the pilot's vicodl i1
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via the use of VASL or a llead-Up display, for examplej or, (h) the operat:onal
envlronment ean he modifiod by using antoland or by the adoption of new call-
outs and monltoring procedures,

Flgure 1 Hlustrates the relatlonshlp between the predent experiment and
tne epldemlologleal model deseribod In the previous paper by Blllings et al,
(ref. 1), The primary Interest was [n the effects of manipulation of the
operational environment, speclfically low vistbility approach procedures, upon
alrerew and alreraft performance,

Although approach procedures used by alrlines vary wldely, it is possible
to discern two bastc philosophies which have been used to structure these pro-
cedures., One of these, the standard procedure, is basically this: one pilot
is responsible for flying the approach and landing, or missed approach if that
should be necessary, and the other crewmembers are assigned monitoring and
callout duties. The decislon to land or to go around is made by the flying
pilot on the basis of his assessment of the visual situation following the
transition from heads-down flying. Variations of this basic procedure are
used by virtually all U,8., alr carriers.

One alternative to the standard procedure is one called the monitored
approach by several of the foreign carriers who have developed these tech-
niques. Basically, using this procedure, one pilot, usually the copilot, is
responsible for flving the heads~down portlon of the approach; the other
pilot is responsible for monitoring this portion o the approach and is the
individual who decides whether the outside visual cues are sufficient for the
landing. TIf they are, this ptlot, who is usually the captain, takes physical
centrol of the aircraft and proceods with the landing. At the transition,
the copilot assumes responsibility for monitoring the remainder of the approach
and landing, remaining head down until sometime during the landing roll.

Intuitively, this monitored approach procedure has some appealing fea-
tures, particularly in the way the transition frem instrument reference to
visual reference flight is made. The captain is given sufficlent time to
assess the visuanl situation and reach a decision and can do so without the
additional burden of flying the aireraft, Turthermore, more emphasis is placed
upon cortinuvus rmonitoring of the critical final portion of the approach and
landing. However, there are also some characteristles of this procedure which
appear to be less desirable, particularly those having to do with the physical
transfer of alrcraft control at very low altitudes.

In attempting to resolve these and other issues, [t soon became apparent
that there 1s little, if any, objective data pertailning to the relative effec-
tiveness of these two basic philosophles for conducting low visibility
approaches. On the basis of the accumulated operational experience of those
carriers who have usced the monitored procedure, it can be concluded that the
Ildea has considerable merit. However, becausce of the fundamental importance
of approach procedures for the safety of alreraft operations, decisions to
utilize this approach, or any other for that matter, should be based on more
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rigorous, objective performance data obtalned from Tine pllots operat bng under
a wide varfety of realiatle conditions,

In summary, the major objectlive of the experiment was to compare alrervaft
and aircrew performance during low vialbiLity approaches using elther the
gtandard or the monltored approach procedurce, A sceondary objectlive was Lo
develop full mlisslon slmulation veascareh technlques for use fn other rescarch,

METHOD

Development of Approach Procedures

Because the carrier who participated in the study ugsed a varlant of the
standard procedure, it was necessary to develop a modified standard procedure
in order to control for the possible effects of crew familiarity with the
standard procedure. To accomplish this, the approach procedures and callouts
used by another U,S8. carricr were used. This scet of procedures was suffi-
clently different from those usced by the participating carrier, that the
likelihood that familiarity influenced the results of this study is winfmal,
This set of procedurcs is summarized in figure 2.

Two major criteria were used during the development of the monitored
procedure which was used in this experiment: (a) the flight engincer should
be fully and completely iniegrated into the approach procedure; and,

(b) there should always be a clear-cut division of responsibilities —

pilot flying, primary monitor, and backup monitor — as shown in figure 3.

In other words, at any given point during an approach, each crewmember
should be assigned one of these three functions, and whenever there is a
change in one crewmember's function, there should be a corresponding, com-
pensatory change in another crewmember's function. Thus, for example, when
the flight engineer calls out, "Approaching minfmums,'" the captain verbally
acknowledges this callout and changes to outside visual reference. Simul-
taneously, the flight engincer assumes the primary monitoring duties inside
the cockpit, and the first officer continues to function as the flying pilot.
When the captain announces, 'land," the first officer now assumes primary
monitor duties, the flight cngincer resumes his role of back-up monitor, and
of course, the captain becomes the pilot (lying.

Cailouts were constructed with regard to the three major functions which
callouts can perform: (a) they serve to transmit information about the state
of the aircraft; (b) they serve to check for subtle pilot incapacitation - if
a pilot misses a callout, or fatls to acknowledge one, the other pilots shouid
check to make sure the quict one ts still with them; and finally, (¢) callouts
can be used to help enforce heads-down discipline, [f we want to maximize the
probability that a pilot will remain on the instruments during the Past stapes
of an approach, we can assign him spectrie callout dutice during that periad
of time,
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Missed approaches were automatley 1f the captain had not taken control of

the alreralt when Lt reached the miased approach point, the first officer

Inftiated the mlssed approach procedure, and the captaln came back inside the
cockpit to resume the role of primary monitor, If 1t became necessary to go
around atter the captatn had declded to land, the captailn called out, "Missed

approach,' and the first offlcer resumed control of the alrcraft and amnounced,
"I have the alrplane." This procedure was chosen because it was reasoned that
the 1rat of (ieer, belng continuously heads down, was in the best position to
assume vaptd and preclse control of the aireraft,

I'igure 4 shows the work shect which was provided to the flight engincer
when using the monitored procedure, Before cach approach was begun, the
flight englncer was glven an approach plate by the pilot so that he could
determine the information shown on the worksheet., This information was used
subsequently by the flight engineer for cross checking and for callouts. In
addition, the flight engineer was assigned very specific meuiltoring duties and
puidelines for calling out deviations from the desired flight profile.

Subjects

Because the study involved training airline pilot subjects on the use of
an approach procedure which was not the approved procedure used by their
company, training pilots, rather than line pilots, were used for this experi-
ment, It was felt unwise to risk the possibility of training someone to the
point where, if he were by chance to fly an actual low visibility approach
shortly after his participation in this study, he might revert to the experi-
mental procedures rather than use the approved procedure.

Fight current instructor pilots and four current flight engineer instruc~
tors scrved as subjects for this experiment. These instructors were assigned
to one of four crews. The flight experience of each of the subject pilots is
summarized in table I.

Simulation Facilities

The simulator used for this experiment was a DC-10 simulator equipped
with a six-degree-of-freedom motion platform and a TV, model-terrain-
board visual system. Modifications were made to the simulation software to
allow control of the experimental conditions from the instructor's CRT display
and control panel located in the cockpit, and to allow real-time recording of
simulator data on digital magnetic tape. Additionally, provisions were made
for recording communications, cockpit voice, and observer comments., Experi-
mental sessions, each four hours long, were intey ted into the normal simu-
lator training schedule.

Simulator Scenarios and Experimental Design

Since one of the primary areas of concern with the monitored procedure
centers around the question of transfer of control of the aircraft at low
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altitudes, only hand=flown approaches were used, Autopllot use and [ts
Interact Llon with approach procedures 1s a separate question which was not
addresned In this study.

Possible Interaet tons between the kind of approach and the approach pro-
codures wore also ol Interest,  Therefore both non~directlonal beacon (NDB)
and lnstrument landing system (11.8) approaches were flown, ALl "8 approaches
wero flown using the Flight Director and manual throttles, A}l N approaches
were flown using raw data only,

Each crow flew a total of 32 approaches during the data collection phase
of the experiment, sixteen using the monitored approach procedure, and sixteen
using the standard procedure.

Sincc one of the characteristics of a good set of approach procedures 1is
to better cnable crews to cope with difficult operational situations, the
offects of a variable called "Stress and Workload" on crew performance were
evaluated. To accomplish this, radar vectoring techniques, wind shear, and
turbulence were used to generate high and low stress and workload conditions.
The low workload conditton involved no turbulence, no wind shear, a five-knot
crosswind from either the right or left, and radar vectoring service that was
nearly ideal -- timely, accurate, and such that the aircraft would intercept
the final approach course well outside the final approach fix at the proper
altitude and airspeed. In contrast, the high workload condition involved a
forty~knot head or tail wind which sheared to a direct crosswind of ten knots
by 6L m (200 ft) above ground level (AGL), some turbulence, and radar vector-
ing of the kind too often encountered in the real world — late descent clear-
ances, late turn-ons, and delayed spced reductions. These vectoring scenarios
were chosen such that, il flown precisely, the aircraft would intercept the
glide slope and final approach course right at the final approach fix (FAF)
for the ILS approaches, and 1.6 km (1 mi) outside the final approach fix for the
NDB approaciies. These were difficult scenarios to fly, and they were chosen
deliberately because instructor pilots are extremely proficient simulator
pilots and it was necessary to ensure that there was ample opportunity for
deviations from profile to develop.

Each approach (as shown in fig. 5) was begun from identical conditions:
downwind heading, 1342 m (5000 ft) AGL, 250 knots, and with the aircraft in a
clean configuration from a position 16 km (10 mi) abeam (either right or left)
of the {inal approacr fix. After a preliminavy briefing during which the
approach location and type were specified, the simulator was released, and
the Experiment Controller, a qualified DC-10 instructor pilot who worked with
us for the duration of the study, procecded to give radar vectors according
to the preselected scenario.  Standard company operating procedures, including
cheeklists, woere used for all approaches.

An approach was terminated during the landing rollout, or upon roeaching
150 m (500 Ft) AGL during the missed approach,  For hall of the arproaches,
the simulated visibility was set to zero (below minimums). Fo* the remaining
half, the visibility was set at the appropriate minimums for the approach
type, Davlight conditions were simulated in all circumstunces.
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Two crews flew the monitored approach procedures fivast, followed by the
standard procedure., The order was reversed for the remalning two croews,

Data collection was proceeded by a 2-hr ground school session during
which two crews were briefed regarding the approach procedures they wore about
to fly. TFollowing ground school, the pilots were given a l-hr, 15-min almu-
lator training session during which 4 ILS and 4 NDB approaches were flown
utilizing the appropriate set of procedurcs. The entlre scquence of ground
school, simulator training, and data collection was repeated for the alternate
set of approach procedures. Upon completion of the last data collectlon run,
an extensive debriefing session was held during which comments, obscrvations, =
and suggestions of the pilots were sov ht. |

RESULTS

study, each approach 18 arbitrarily divided into two segments. The initial
approach segment is that portion of the approach between the Final Approach
Fix and a point 10 sec prior to reaching the missed approach point. The
remainder of an approach to a landing is termed the final approach segment.
Landings and missed approaches were analyzed separately from the initial
approach data. This division was necessary to enable the analysis to focns
clearly upon the critical last 100 m of an approach. For all practical pur-
poses, therc is little difference between the two kinds of approach procedures
prior to the missed approach point. It is at the point where the control of
the aircraft is transferred from one pilot to the other that major differences
would be most likely to appear. ILS and NDB approaches werc analyzed sepa-
rately.

For the purposes of analyzing the tracking data recorded during this j

Initial Approach Segment

Tracking data were transformed into rms lateral error, rms glide-slope
error, and airspeed variability measures, and were subjected to an Analysis
of Variance. As expected, the stress and workload variable did significantly
affect airspeed, localizer and glide-slope tracking for the TLS approaches,
and lateral course error and airspeed control for the NDB approaches. No
other factor, including the set of approach procedures used, produced any
significant differences in aircraft performance.

. Final Segment

One measure, lateral error during NDB approaches, was significantly dir-
ferent as a function of approa Y procedure — lateral tracking was more variable
using the monitored procedure. This was one of only two instances where the
approach procedure variable resulted in a significant difference in performance,
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Landilng Data

LandIngs were analyzed using lateral and longitudinal correr and aink rate
at touchdown as meanurcs of landing performance, There were no aignificant
difforences observed for any landing measures,

Missed Approach Data
Miased approach performance was cevaluated using peak deviation below

MDA/DH (where MDA is minimum descent altitude and DH 1s deeision height), and
the square of peak deviation to give emphasis to the larger and presumably more

dangerous deviations. In addition, the time integral of total flight path below

MDA/DH was analyzed. The average peak deviation below MDA for NDB approaches
was significantly larger using the monitored approach procedure. HNo other
significant differences were observed.

Debriefing Interview Results

Pilot reaction during the training sessions to the monitored procedure
was largely negative, and virtually all subjects expressed concern about the
transfer of control of the aircraft. These negative attitudes were modified
after the subjects had experience with the experimental set of procedurcs;
however, it 1s still necessary to characterize the prevailing attitude as
"concerned." Most pilots, however, did concede that there were some positive
benefits to using the experimental procedure, particularly in reference to
the increased monitoring discipline achieved with this procedure.

There was universal acclaim from the subjects for the increased emphasis
on involving the flight enginecer in the approach. It was the concensus that
this one aspect of the experimental procedure was by far t'ie most important
and valuable.

DISCUSSION AND CONCLUSIONS

In some ways the lack of major significant difference between the two
procedures was a disappointing outcome. However, in retrospect, there are
gome encouraging aspects as well.

First, with respect to the question of the superiority of one set of pro-
cedures over another, it is necessary to conclude on the basis of results
obtained here, that crews can perform equally well using either set of proce-
dures. There is no clear-cut reason to select one set of procedures over
another on the basis of system performance measurcs used in this experiment.
Put another way, the choice of which of the basic approach procedures to be
used should be based upon other factors, Particularly important here is the
accumulated experience of a company with one set of procedurcs; the difficul-
ties encountered in changing from one set of procedures to another mav far
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outwelgh the potential advantages obtained by adopting an alternate set of
procedures,

Another conclusion {s that repgardless of which basie approach procedure
18 used, it is ifmportant that the {light engincer be fully Inteprated Into the
approach, The callouts and monitoring duties which were assigned the f1ight
englneer are largely independent of the approach procedure adopted,  Although
not directly supported by the tracking data obtained in this atudy, there 1s
little doubt that this 1s the most Important single consideration in the
development of low visibility approach procedures.

And finally, we can conclude that simulator cvaluations of approach proce-
dures are feasible,

In summary, this first experiment was a preliminary attempt to assess the
effects of selected operational factors on pilot performance, in this case
with largely negative results., In 3 second study, the experience accumulated
during this first study was used to refine procedures and techniques in an
attempt to understand how certain perturbations in the operational environment
can affect aircrew behavior. The preliminary results are highly encouraging,
and 1t is intended to pursue the leads generated by those data in an attempt

to see if techniques can be developed which will help airline pilots to cope
with such disturbances.
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TABLE I.- PILOT DATA

SUBJECT TOTAL TIME

O oo~ (-2 362 JF - WN =

9090 hr
14000
1500

14000
13000
6000

9000
11000
15000

7600
6000
6900

[ ——

DC-10
600 hrs

400
400

400
400
700

600
400
300

500
500

(25 yr)
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!
FINAL APPROACH FIX . "'100 feet “MINIMUMS"
CALLOUTS: ABOVE . . .*

Figure 2.- 8tandard approach procedure,
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PILOT FLYING s
PRIMARY MONITOR 2722277273
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/

FINAL APPROACH FIX . 100 feet “MINIMUMS"
CALLOUTS: ABOVE .

Figure 3.~ Monitored approach procedurc.
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FAF S . feet MSL

1000’ S feet MSL

MDA/DH feet MSL

I8 TIME

min:sec

-1 Figure 4.~ Flight engineer's worksheet.

% _——== 1524 m AGL (5000 feet)
- yd yd 463 km/hr (250 knots)
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: / //< HIGH WORKLOAD

18.5 km (10 nm)

\f X LOW WORKLOAD

R ———— — — — — RUNWAY
| FINAL APPROACH FIX

(- Figure 5.~ Approach profile.
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